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In space: looking back to look forward.

What can the nature and
origin of the universe tell us
about the future of Earth>
To belp answer that
question, we make craft and
instruments for traveling
billions of miles in space
and seeing as far as 15
billion years back in time.
Martin Marietta was the
integrator and builder of
two Viking landers, which
sent back remarkable
photos of the surface of
Mars, examined soil
samples, and studied
Martian weather and
seismic activity. For the
Voyagers we provided
instrumentation that

Altimeter antenna

Rocket engine module

reported on electromagnetic
activity near Jupiter and
Saturn—Voyager 2 went on
to Uranus, some 2 billion
miles from Earth. That was
nine years after launch,
next destination, Neptune,
in 1989. These are but a
few results of Martin
Marietta’s ability to create
survivable, mystery-
solving craft and their
instruments—from concept
through mission
completion.
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Magellan Spacecraft

— Star scanmer

— e .

Solar panel

Mission: map Venus.

From orbit, Magellans
radar will penetrate the
planets thick, gaseous
cloud cover and send back
photo-like images of nearly
90% of its surface. Our
role: design, integrate, build
and test the craft.




Viewing the infant

universe.
For the Hubble Space

Telescope we are providing
the Faint Object Spectro-
graph (FOS), which will
see objects up to 15 billion
light-years away. Since the
universe is estimated to be
18-20 billion years old,
astronomers will witness
events close to its birth.

Primary mirror

Hubble Space Telescope

 Satelite The fine points of fine
55 pointing.

Precisely controlled, space-
spanning energy delivery
and collection systems
create difficult pointing and
retargeting challenges,

s which we can now
simulate. This new lab is
working toward the
precision lo zero in on a
football-size object 3,000
miles away; in support of
the Strategic Defense

Initiative research program.

Fine Pointing Simulator
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MATLAB

High-Performance
Numeric Computation
and Data Analysis

ATLAB has rapidly become an
industry standard for engineer-
ing and scientific research. Its unique
interactive interface, algorithmic foun-
dation, easy extensibility, and speed
make MATLAB the software system of
choice for high productivity and high
creativity research.

P roblems and solutions are expressed
just as they are written mathemat-
ically — without the need for traditional
programming. As a result, you can
solve numerical problems in a fraction
of the time required to write a program
in Fortran, Basic, or C. Then plot the
results as 2-D and 3-D graphics, with
publication-quality output to plotters,
dot-matrix printers, and laser printers.

“I can create algorithms so
easily that it almost seems
like cheating.”

A\mnon Aliphas,

Personal Engineering &
Instrumentation News

AI(I to MATLAB your choice of tools
for digital signal processing,
system identification, control system
design, and more. MATLAB’s open-
system design lets you see the algorithms
and the implementations, even change
them to suit your specific requirements.

|\ /I ATLAB is developed by The
MathWorks, a leader in software

for data analysis and mathematics. Our
users — in thousands of companies and
universities — know that MATLAB
enables them to work more creatively
and productively. Take a look at how
MATLAB can do the same for you.

Over 300 Built-In Functions

+ eigenvalues +1-Dand 2-D FFTs -« nonlinear optimization
+ matrix arithmetic + filtering + linear equation solving
« matrix decompositions  * curve fitting « differential equations
« convolution « cubic splines » polynomial arithmetic
* spectrum estimation  « Bessel functions  + descriptive statistics
« complex arithmetic + elliptic functions  +2-D and 3-D graphics
Plus Toolboxes for:
« digital signal processing  * control system design
+ parametric modelling « chemometric analysis, and more

“MATLAB is

43

the undisputed
choice for
computation-
intensive
engineering
work.”

Charles Seiter,
Macworld

MATLAB’s
power and
ease of use go
a long way
toward taking
the drudgery
out of
repetitive
analysis
projects.”

Richard Santalesa,
IEEE Spectrum

MATLARB is a trademark of The MathWorks, Inc. Other product and brand names

tered trademarks of their respective holders

Computers
supported

PCs and ATs
386-based PCs
Macintosh
Sun
Apollo
HP 9000/300
DECstation
VAX/VMS
VAX/Ultrix
Stardent
Convex
Encore
Alliant
Cray
and more

To find out more about MATLAB, call us at (508) 653-1415.

Or simply return the completed coupon to the address below.
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Name

Company

Department

Address

City, State

Zip Country
Telephone
Computer(s)
The 21 Eliot Street
MATH
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South Natick, MA 01760
Phone: (508) 653-1415
Fax: (508) 653-2997
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Get aclose
look at the
big picture.

With the
new HI JetPro”
printer/plotter.

Select your drawing. Preview it

on your monitor. Zoom in on the
tightest detail. Clip it, scale it,
mark a “window.” Then press a key
to get a high-quality hardcopy of
the segment you want.

You can do all of this—plus
high-speed draft and letter-quality
printing—with one machine: the
HI JetPro printer/plotter.

The flexible hardcopy control
system

Whether it’s an E-size drawing or
a scanned data file, HI JetPro delivers
the flexibility you need and the image
you want. With HI's JetPro, you have
a complete hardcopy control system
that includes hardware and software
for high-speed, high-resolution
printing and plotting—in both vector
and raster environments.

Convenient, quiet, and
precise
HI JetPro produces

your images on ordinary

Circle Reader Action No. 550

paper, in sizes up to 16.5 x 23.3
inches (DIN A2), with the incredibly
sharp clarity of 360 dpi. And
because it’s a bubble-jet, it prints
and plots quickly and quietly.

Simple to use and easy to maintain,
the HI JetPro printer/plotter is fully
backed by Houston Instrument’s
reputation for price-performance,
quality, and support.

To get a closer look, call
1-800-444-3425 or 512-835-0900.

HOUSTON
INSTRUMENT.

A pivisioN oF AMIETEK
8500 Cameron Road, Austin, TX 78753
Houston Instrument and HI JetPro are

trademarks of AMETEK, Inc



Inframetrics infrared imaging:
to see, to quantify, to understand.

Model 600 provides spot temperatures of
components on PC board. Line scan profil-
ing, 1sotherm contouring and area measure-
ment are all standard, without computer
interface.

Maodel 600 on the lab
bench...stalwart of
sophisticated radi-
omelers.

ThermaGRAM® image of an automotive brake rotor.

hether you’re looking for
pressure leaks in an aircraft
fuselage or fluid ingress in the

i

, flaps; electrical system hot spots or excessive bear-
- ing friction; delamination in composite struc-
tures or shorts in a multilayer printed circuit

of Inframetrics systems will quickly give
you the answers you need.

Our concentration on practical infrared

imaging and temperature measurement —

the delivery of useful results, under

real-world conditions, at reasonable

prices — has made us a leader in infrared
imaging radiometers, and producers of
the widest variety of thermal imaging
instruments in the world.

A complete system, cart-mounted, with optional VCR
and Polaroid hard copy system, goes anywhere.

e

IR signature of a fighter.

ThermaGRAM is a registered trademark of
Thermoteknix Systems Ltd., Cambridge, England

\ Model 610 acquires the dual-band

TV-compatible, compact and field-
portable, Inframetrics Imaging Radi-
ometers and Thermal Imagers provide
real time imagery with excellent picture
quality for the highest total performance
commercially available today. Combine these capabilities
with the most versatile image-processing system in the
market; ThermaGRAM® performs histogram analysis,
time vs. temperature studies, real time image analysis,
and countless other functions.

Just consider the possibilities.
Inframetrics systems adapt to a wide variety of applica-
tions, including R&D, nondestructive testing, electronic

diagnosis, quality control, facilities maintenance and
medicine.

Model 445 high resolution thermal
imager shows delamination in a com-
posite panel. Ideal for qualitative
analysis, nondestructive testing,
security systems, more.

Inframetrics systems open the door to another engi-
neering perspective on your problems. To learn
more, tell us your application.

inframetrics..........
16 Esquire Rd., No. Billerica MA 01862-2598 Offices worldwide
TEL 508-670-5555 * FAX 508-667-2702 + TWX 710-326-0659
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Photo courtesy McDonnell Douglas Corp

This High-Speed Civil Transport (HSCT) concept shows a
T E c H N I c A L S E CT l o N computational fluid dynamics solution of the flowfield static
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To show you == GOULD
What Olll‘ IleW Electronics

DataGraf recorder
can do,

No matter how advanced your recorder is, it still has to
meet your most basic recording needs. That's why our new
DataGraf offers everything youd expect from a computer-
based recorder—plus unique hard copy output flexibility.

How advanced is DataGraf? It offers 16-channel recording
capability, all in a rugged, portable package weighing less
than forty pounds. With DataGraf, you can store events on
disk and replay them as often as you like. You can also expand
or compress traces, overlay signals, and even label key points.

What's more, using advanced waveform analysis software,
DataGraf automatically analyzes your data, virtually eliminating
the need for manual interpolation and long-hand math.
Whether you're interested in the entire signal or just a specific
section, the touch of a button will calculate
Max/Min, Standard Deviation,
dY/dX, RMS, and much more.

And when it comes to seeing

your results on paper, DataGraf
can output your traces to hun-
dreds of printers, plotters and tradi- 3
tional oscillographic recorders. T

S

It's exactly the kind of solution you'd expect RS
from Gould, a company with over fifty years of
recorder development experience. By applying new
technology to the real needs of today’s engineers, we've
developed a unit that offers real advantages. Advantages
that go beyond advanced features. Advantages you can
put on paper.

Send for a free DataGraf demo disk. Use the coupon below,
or fax your request to (216) 361-0559.

Y

[N T SIMID NG . TN ST

Free demo disk! e i
Yes! Id like to see what DataGraf can do. Send me
a free demo disk and product information package.
NAME: TITLE:

COMPANY:

STREET:

CITY: STATE: ZIP:

PHONE:

Send to: Gould, Inc., Test and Measurement, 3631 Perkins Avenue,
Cleveland. Ohio 44114 or call (216) 361-3315 Fax: (216) 361-0550



Real Time

Video
On
Workstation

Displays

RGB/View " 2000

The RGB/View video display controlier
integrates real-time video with computer generated
text and graphics on high resolution displays.

The RGB/View accepts composite video
(NTSC or PAL) or RGB component signals
from a camera, tape recorder or video disc.
Full motion video is displayed as a window
on the workstation screen.

= Supports all high resolution
computer systems
* Frame buffer independent

« Output to the computer monitor
or to a high resolution projector

* No processing burden on the computer
*100% software compatible

« Full 24-bit color; highest quality
video image

«Video window control from the
front panel or RS-232 port

« Text and graphics overlay on the
video using a chroma keyer

*Made in the USA

SPECTRUM

Formerly RGB Technology
2550 Ninth Street Berkeley, CA 94710
TEL: (415) 848-0180 FAX: (415) 848-0971
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It’s easy.

From now until June 30, 1990,
just trade in your VAXstation™ 2000
workstation and Digital will give you
$2,000 off the purchase price of our

L
VAXstation 3100 workstation.
O‘ K 7 tO I I I I rOs 76 When you do, you're getting a lot
more than just money off.

The VAXstation 3100 workstation

& El
= delivers 3 to 4X the performance of
our station 1 lire., ===
° The VAXstation 3100 workstation

lets you run DECwindows™ software.
It gives you a consistent user interface
for accessing applications on your net-
work whether

‘ | VAXstation 2000 | VAXstation 31007\ they’re running

= — ot

Twes | 1 | 4| VMSIUNXY

(EEEES 40 + ULTRIX" or MS-
Memory 6-14 MB 8-32MB | DOS® You choose

DiskCapacity| 70-1368 | 104-1368 | what you want

T T TR and it shows u
Resolution | 1,024x 864 | 1,024x 864 | S ‘tvh P

el S8 | | creen the way
Planes 1,4,8 1,8 | you want.

R : e And, even
though the VAXstation 3100 worksta-
tion is an upgrade, you can use all the
same software you’ve been using on
the 2000. With no rewriting.

Take the all-important first step
toward improving your station in life.
Call 1-800-343-4040, ext. 874 to take
advantage of this special $2,000 offer.

Digital
has
It

;i now,




NASA Leads Research
On High-Speed Civil
Transport

Supersonic Aircraft Would Meet Need For
Fast Transoceanic Travel

rwe growing need to travel quickly

to the economic centers of the Pacific
Basin is expected to create a market for
as many as 1200 supersonic airliners by
the year2015. To help the United States
gain a competitive edge in this poten-
tially lucrative market, NASA has teamed
with U.S. aircraft makers to explore the
feasibility of developing a fleet of long-
range supersonic transports for com-
mercial introduction in the 2000-2010
time frame. Cruising at two to three
times the speed of sound (1350-2000
mph), the advanced aircraft would cut
flight times dramatically; a trip from Los
Angeles to Tokyo, for example, would
be reduced from ten hours to approxi-
mately four hours.

As now envisioned by aircraft de-
signers, this high-speed civil transport
(HSCT) would carry 250-300 passen-
gers and be able to fly 6500 miles with-
out refueling. By comparison, the An-
glo-French Concorde holds only 103
passengers and has a range of 3500
miles. And while the Concorde caters
mainly to the jet set, the HSCT would
offer standard tri-class seating, with fares
only slightly higher than those for sub-
sonic planes.

“The challenge is to build a plane
that's both environmentally acceptable
and economically sound,” said Donald
Graf, HSCT Business Unit Manager for
the McDonnell Douglas Corporation.
Studies by McDonnell Douglas and the
Boeing Company determined that sub-
stantial demand for an HSCT will mate-
rialize only if the aircraft meets commu-
nity noise standards, has no harmful ef-
fects on the atmosphere, and is cost-
competitive with future long-haul sub-
sonic airliners. The reports emphasized
that the technology to build a high-speed
transport satisfying these requirements
does not yet exist.

In late 1989, NASA initiated the in-
dustry-government High Speed Research
Program to tackle the technical and
economic challenges of making a su-
personic transport an “environmental

10

Editor’s note: The following report is the
first of two parts on NASA's High Speed
Research Program.
good neighbor.” The six-year, $284 million
program, involving the agency’s Ames,
Langley, and Lewis research centers, is
initially focused on three major environ-
mental issues: atmospheric effects, air-
port community noise, and sonic boom.
“We have to make some headway in
solving these environmental problems
before we can move on to a more fo-
cused technology development program,”
said Howard Wesoky, NASA's program
manager for HSCT research and tech-
nology.
Probing The Atmosphere

The most serious concern, and the
top priority of NASA’s new program, is
the potential for damaging the Earth’s
fragile ozone layer. Because the plane
would fly at 55,000 to 60,000 feet, scien-
tists fear that nitrogen oxides (NOx)
emitted from its kerosene-burning en-
gines could destroy the stratospheric
ozone that blocks the sun’s ultraviolet
rays. NASA anditsindustry partners are
investigating advanced combustor de-
signs that offer reduced emissions with-
out compromising engine efficiency, and
are experimenting with NOx destructive
additives such as methane and pro-
pane. One approach is to introduce the
additive into the exhaust gas stream so
that elemental nitrogen is formed rather
than NOx, but experts caution that a
variety of technical issues must still be
addressed. And there are potential draw-
backs: additives increase aircraft weight
and the cost of ground handling.

Space Agency researchers also plan
to use sophisticated atmospheric chem-
istry and dynamics models to analyze
the dispersion and long-term effects of
emissions. Their goal is to develop a
technical basis for the establishment of
emissions standards. “We're not going
to be able to progress very far in the
combustor technology until we under-
stand how the upper atmosphere handles
emissions and determine what level of

emissions is acceptable,” Wesoky stated.
Noise Control

The HSCT's engines will need to
quieter than those of the Concorde if the
planeis togain approval fromlocal com-
munities to take off as frequently as
subsonic transports. Researchers are
evaluating low-noise exhaust nozzle and
inlet configurations for the craft's pro-
pulsion system, and are applying high-
lift aerodynamics technology to proposed
wing designs. A wing with good takeoff
lift performance would help reduce per-
ceived noise by quickly carrying the
offending engines to high altitudes.

In contrast to the needle-like shape
of the Concorde, the HSCT is likely to
have broad, triangular wings with the
desired high-lift characteristics. This wing
planform is called a double delta be-
cause the forward portion of the wing
slopes backward in a sharp triangle
while the back half spreads out at a
wide angle. To determine the optimal
shape for the aircraft's wings and fuse-
lage, engineers are employing compu-
tational fluid dynamics (CFD) techniques
to model the high-speed air flow over a
hypothetical HSCT.




Lowering The Boom

Engine emissions and noise aren't
the only barriers to public acceptance:
HSCT researchers must also deal with
sonic boom, the explosive sound pro-
duced when a shock wave formed atthe
nose of a supersonic aircraft reaches
the ground. Aircraft designers want to
limit the boom impact enough for the
HSCT to win permission for supersonic
flight over land, which would save pas-
sengers time and increase the aircraft's
productivity and economic viability. The
effort to minimize sonicboominvolves a
synergistic approach, combining ad-
vances in the understanding of human
and structural responses to booms with
modifications to the aircraft's geometry
to reduce the annoyance level. Scien-
tists are using technical, statistical, and
psychological means to measure re-
sponse characteristics and establish what
levels of sonic boom noise are accept-
able for overland flight. The acceptabil-
ity criteria will be used to guide the
design of low-boom configurations and
to evaluate the designs through com-
puter analysis, wind tunnel experiments,
and flight tests.

A less direct but extremely important
way to alleviate sonic boom and other
environmental problems is to reduce
the aircraft's weight, which in turn re-
sults in a lower boom level and in smaller
engines that produce less emissions
and noise. This necessitates develop-
ing lightweight structural materials ca-
pable of handling the high temperatures
and pressures that an HSCT would
encounter. The Boeing study identified
toughened thermosetting, high-tempera-
ture thermoplastic or polyimide poly-
meric composites as the most promis-
ing structural materials for a next-gen-
eration supersonic transport. Boeing
projected that by the year 2015 the
maturation of metal matrix composites
and rapid solidification technology will
enable their application on the HSCT.
Current material forms, processes, and
production equipment are not adequate
to produce the large structures required
for the HSCT program, the study con-
cluded.

The HSCT's weight could also be
lowered by applying supersonic laminar
flow control, which would increase the
vehicle's lift-to-drag ratio and therefore

its fuel efficiency, since less fuel would
be needed to overcome drag forces.
Researchers are studying a system that
combines air suction near the wing lead-
ing edge with contouring of the wing
surface to reduce friction drag. Even
with penalties for suction system weight
and engine power extraction, a 6.5 per-
cent or greater reduction in takeoff gross
weight is anticipated for a typical high-
speed transport, an amount comparable
to the aircraft’'s payload.
The Next Step

If researchers can show significant
progress in resolving the environmental
problems and further studies confirm
the supersonic aircraft's importance to
the transportation system and the U.S.
economy, a larger scale vehicle tech-
nology development effort “could be con-
sidered as a next step,” according to
Wesoky. Ultimately, he said, the deci-
sion to produce a supersonic commer-
cial transport will rest with the nation’s
aerospace industry. 1

Next month: A close-up look at HSCT
research at NASA's Ames, Langley, and
Lewis research centers.

Photo courtesy Boeing Commercial Airplanes
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Crystal Oscillators Operate
Beyond Rated Frequencies

A class of crystal oscillators is based
on the use of negative-voltage-gain am-
plifiers at frequencies well into the ““roll-off”

Tech Briefs and having promising
commercial applications. Each is
discussed further on the
referenced page in the appro-

New Product ldeas

New Product Ideas are justa  priate section in this issue. If you
few of the many innovations are interested in developing a
described in this issue of NASA product from these or other NASA

the end of the full-

frequency regions of their gain-versus-fre-
quency curves. This characteristic elimi-
nates the need for expensive amplifiers and
extra passive components used in more
conventional oscillator designs.

(See page 30)

The current manual page is: xcalc.
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innovations, you can receive fur-
ther technical information by re-
questing the TSP referenced at

length article or by writing the
Technology Utilization Office of
the sponsoring NASA center (see
page 14). NASA’s patent-licensing
program to encourage commer-
cial development is described on

page 14.

Header for Laser Diode

A laser-diode header provides electrical
and thermal connections to the diode and
optomechanical adjustments to focus and
aim the laser beam. This relatively inexpen-
sive optical communications package
features a simple mechanical configuration
and commercially available lenses.

(See page 16)

Feeder System for
Particle-Size Analyzer

A feeder system meters a precise
stream of powder into a precise flow of gas
feeding a light-scattering particle-size
analyzer. The feeder makes dry analysis of
a powder more practical than in the past.
Such an analysis takes about one-third the
time of conventional wet analysis and con-
sumes less powder.

(See page 61)

Improved Liquid-Electrode/
Solid-Electrolyte Cell

A rechargeable solid-electrolyte elec-
trochemical cell features a new mixture of
organic and inorganic materials in a liquid
cathode. The cell operates at a temperature
about 120to 170 °C lower than that of sodi-
um/sulfur cells and has comparable energy
density of about 150 Wh/kg.

(See page 51)

Durable Bipolar Plates for
Lead/Acid Batteries

A new structure for the positive faces
of bipolar plates increases the longevity of
lead/acid batteries. The positive-electrode
layer is divided into many isolated segments
so that defects cannot spread across the
layer. The materials that support the elec-
trochemically active components are light-
weight and resistant to acid.

(See page 22)

Acoustic Humidity Sensor

An industrial humidity sensor measures
the volume fraction of water in the air via
its effect on the speed of sound. The sen-
sor is rugged enough for such harsh en-
vironments as in paper mills and can meas-
ure water-vapor content to within 0.5 per-
cent.

(See page 47)
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It you're aregular reader of TECH BRIEFS, then you're al
making use of one of the low-and no-cost services provided by
NASA’s Technology Utilization (TU) Network. But a TECH
BRIEFS subscription represents only a fraction of the technical
information applications/engineering services offered by
the TU Network as awhole. In fact, when all of the components
of NASA’s Technology Utilization Network are considered,
TECH BRIEFS represents the proverbial tip of the iceberg.

We've outlined below NASA's TU Network—named the
participants, described their services, and listed the individuals
you can contact for more information relating to your specific
needs. We encourage you to make use of the information,
access, and applications services offered by NASA’'s
Technology Utilization Network.

HOW YOU CAN BENEFIT
FROM NASA's
TECHNOLOGY

How You Can Utilize NASA’s Industrial Applications Centers—A nationwide network offering abroad range
of technical services, including computerized access to over 100 million documents worldwide.

ou can contact NASA's network of Industrial Applications Centers (IACs) for assistance in solving a specific technical problem or meeting your
information needs. The “user friendly” IACs are staffed by technology transfer experts who provide computerized information retrieval from one of
the world's largest banks of technical data. Nearly 500 computerized data bases, ranging from NASA's own data base to Chemical Abstracts and INSPEC,
are accessible through the ten IACs located throughout the nation. The IACs also offer technical consultation services and/or linkage with other experts
in the field. You can obtain more information about these services by calling or writing the nearest IAC. User fees are charged for IAC information services.

Aerospace Research Research Triangle Park, NASA/UK Technology NASA Industrial Applications
Applications NC 27709-2235 Applications Program Center

Center (ARAC) H.L. (Lynn) Reese, Director University of Kentucky University of Southern California
Indianapolis Center for Advanced (919) 549-0671 109 Kinkead Hall Research Annex

Research NASA Industrial Applications Lexington, KY 40506-0057 3716 South Hope Street

Ctr. 823 William Pitt Union
University of Pittsburgh
Pittsburgh, PA 15260

611 N. Capitol Avenue
Indianapolis, IN 46204
Dr. F. Timothy Janis, Director

William R. Strong, Director
(606) 257-6322
NERAC, Inc.

Los Angeles, CA 90007-4344
Robert Stark, Director
(213) 743-6132

(317) 262-5036 Dr. Paul A. McWilliams, One Technology Drive (800) 642-2872 (CA only)

Central Industrial Applications Exec. Director Tolland, CT 06084 (800) 872-7477 (toll-free US)
Center/NASA (CIAC) (412) 648-7000 Dr. Daniel U. Wilde, President NASA/SU Industrial Applications
Rural Enterprises, Inc. NASA/Southern Technology (203) 872-7000 Center

P.O. Box 1335 Applications Center Technology Application Center Southern University Department
Durant, OK 74702 Box 24 (TAC) of Computer Science

Dr. Dickie Deel, Director

(405) 924-5094

Science and Technology
Research Center (STRC)
Post Office Box 12235

Progress Ctr., One Progress Blvd.
Alachua, FL 32615

J. Ronald Thornton, Director
(904) 462-3913

(800) 354-4832 (FL only)

(800) 225-0308 (toll-free US)

If you represent a public sector organization with a particular need, you can contact NASA’s Application Team for technology matching and problem solving
assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and
solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P. 0. Box 12194, Research Triangle
Park, NC 27709. Doris Rouse, Director, (919) 541-6980

P.O. Box 9737

Baton Rouge, LA 70813-9737
Dr. John Hubbell, Director
(504) 771-6272

University of New Mexico
Albuquerque, NM 87131

Dr. Stanley A. Morain, Director
(505) 277-3622

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

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

at the end of the Tech Brief.

Ames Research Ctr.
Technology Utilization
Officer: Laurance Milov
Mail Code 223-3
Moffett Field, CA 94035
(415) 694-4044

Patent Counsel:

Darrell G. Brekke

Mail Code 200-11
Moffett Field, CA 94035
(415) 694-5104

Lewis Research Center
Technology Utilization
Officer: Anthony F.
Ratajczak (acting)

Mail Stop 7-3

21000 Brookpark Road
Cleveland, OH 44135
(216) 433-5568

Patent Counsel:

Gene E. Shook

Mail Code LE-LAW
21000 Brookpark Road
Cleveland, OH 44135
(216) 433-5753

John C. Stennis
Space Center
Technology Utilization
Officer: Robert M.
Barlow

Code HA-32

Stennis Space Center,
MS 39529

(601) 688-1929

John F. Kennedy
Space Center
Technology Utilization
Officer: Thomas M.
Hammond

Mail Stop PT-PMO-A
Kennedy Space
Center, FL 32899
(407) 867-3017

Patent Counsel:
James O. Harrell

Mail Code PT-PAT
Kennedy Space
Center, FL 32899
(407) 867-2544

Langley Research Ctr.
Technology Utilization
Officer: John Samos
Mail Stop 139A
Hampton, VA 23665
(804) 864-2484

Patent Counsel:
George F. Helfrich
Mail Code 279
Hampton, VA 23665
(804) 864-3523
Goddard Space Flight
Center

Technology Utilization
Officer: Donald S.
Friedman

Mail Code 702.1
Greenbelt, MD 20771
(301) 286-6242

Patent Counsel:

R. Dennis Marchant
Mail Code 204
Greenbelt, MD 20771
(301) 286-7351

Jet Propulsion Lab.
NASA Resident Office
Technology Utilization
Officer: Gordon S.
Chapman

Mail Stop 180-801
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-4849

Patent Counsel:
Thomas H. Jones

Mail Code 180-801
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-2734
Technology Utilization
Mgr. for JPL: Dr. Nor-
man L. Chalfin

Mail Stop 156-211
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-2240

George C. Marshall
Space Flight Center
Technology Utilization
Officer: Ismail Akbay
Code ATO1

Marshall Space Flight
Center,

AL 35812

(205) 544-2223

Fax (205) 544-3151
Patent Counsel:

Bill Sheehan

Mail Code CCO1
Marshall Space Flight
Center,

AL 35812

(205) 544-0021

Lyndon B. Johnson
Space Center
Technology Utilization
Officer: Dean C. Glenn
Mail Code IC-4
Houston, TX 77058
(713) 483-3809

Patent Counsel:
Edward K. Fein

Mail Code AL3
Houston, TX 77058
(713) 483-4871

NASA Headquarters
Technology Utilization
Officer: Leonard A. Ault
Code CU

Washington, DC 20546
(202) 453-8377
Assistant General
Counsel for Patent
Matters: Robert F.
Kempf, Code GP
Washington, DC 20546
(202) 453-2424

A Shortcut To Software: COSMIC®™— For software developed with
NASA funding, contact COSMIC, NASA’s Computer Software Manage-
ment and Information Center. New and updated programs are announc-
ed in the Computer Programs section. COSMIC publishes an annual
software catalog. For more information call or write: COSMIC® 382
East Broad Street, Athens, GA 30602 John A. Gibson, Dir., (404)

542-3265

If You Have a Question. . . NASA Scientific & Technical Infor-
mation Facility can answer questions about NASA's Technology
Utilization Network and its services and documents. The STl staff sup-
plies documents and provides referrals. Call, write or use the feedback
cardin thisissue to contact: NASA Scientific and Technical Informa-
tion Facllity, Technology Utilization Office, P.O. Box 8757, Baltimore,
MD 21240-0757. Walter M. Heiland, Manager, (301) 859-5300, Ext. 242,
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Header for Laser Diode

A package provides for focusing and aiming.
Goddard Space Flight Center, Greenbelt, Maryland

A header has been designed to contain
a laser diode, the output of which is to be
combined incoherently with the outputs of
other laser diodes in a grating laser-beam
combiner in an optical communication sys-
tem. The header is a package that provides
the electrical connections to the laser di-
ode, cooling to thermally stabilize the laser
operation, and optomechanical adjust-
ments that steer and focus the laser beam.
The range of adjustments provides for cor-
rection of the worst-case decentering and
defocusing of the laser beam typically en-
countered with laser diodes.

The mechanical configuration of the
header is made relatively simple to pro-
mote stability and keep the cost low. The

cost is also kept down by the use of com-
mercially available lenses. The number of
lenses is made as small as possible, con-
sistent with the needed adjustments, to
keep reflection losses low. The only major
disadvantage of these design choices is
that alignment has to be performed manu-
ally in a process that can be tedious and
time-consuming.

The header includes a two-piece cylin-
der, 0.75 in. (19.05 mm) in diameter, con-
sisting of the diode housing and the optical-
assembly housing (see figure). The laser
diode is held in the diode housing by a
threaded retainer ring, which presses down
on the flange of the diode package. Three
0-80 screws (not shown) protrude radially

Current-Control
and Modulation
Circuitry

Supporting Structure
and Heat Sink

Thermoelectric

Focus Shim
Diode-Retaining Ring

Laser Diode

Collimator Press-in
Retaining Ring

Coarse
Collimator

Ponm

Inner Eccentric \
Outer
Eccentric \J

Locking
Ring

The Laser-Diode Header provides electrical and thermal connections to the diode and
optomechanical adjustments to focus and aim the laser beam.

16

outward from the diode housing. These
serve as a diode-centering adjustment,
providing a worst-case diode decenter of
12.7 um. They are removed once the diode
is centered and the diode-retaining ring is
tightened. The optical-assembly housing
holds the entire optical system, which con-
sists of the coarse collimator, the fine-focus
system, and the vernier steering system.

The coarse collimator (4.7-mm focal
length) is positioned so that when the diode
and optical-assembly housings are screwed
together, it collimates the output of the
laser diode. The degree of collimation is
determined by the accuracy of the diode-
to-collimator separation, which is set by
shim-stock spacers to obtain a despacing
accuracy of 12.7 um. The worst-case de-
spacing of 12.7 um results in an excess diver-
gence of 0.6 mrad. The fine-focus system is
used to eliminate this excess divergence.

The fine-focus system consists of two
lenses, one planoconcave (focal length
—10 cm) and one planoconvex (focal
length +10 cm). When the lenses are but-
ted together, the fine-focus system has no
optical power, but as the lenses are moved
apart, their optical power increases. A sep-
aration range of 6.0 mm corrects for the
excess divergence. Separation, again, is
effected with shim stock spacers, with a
worst-case despacing of 12.7 um. Because
the focal lengths of the fine-focus elements
are 21 times that of the coarse collimator,
the fine-focus system is much less sen-
sitive to spacing errors. The worst-case
spacing error of 12.7 um results in a de-
focus of 20 urad, which is less than 10 per-
cent of the diffraction limit and is consid-
ered acceptable.

The worst-case decentering of the laser
diode, 12.7 um, corresponds to a beam-
steering error of ~2.5 mrad, and, there-
fore, a vernier pointing lens is included to
correct for this. This lens, which has a di-
ameter of 7mmand a focal length of 1 m, is
mounted in a pair of nested eccentrics,
which provide +2.5 mm of lateral move-
ment in any direction. Once the desired
alignment is achieved, all optical elements
are locked in place with the threaded re-
taining rings.

This work was done by Jonathan A. R.
Rall and Paul L. Spadin of Goddard Space
Flight Center. For further information, Cir-
cle 73 on the TSP Request Card.
GSC-13234
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Quantized-“Gray-Scale” Electronic Synapses

Parallel resistors at each node would be switched to adjust conductive strength.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A proposed array of programmable syn-
aptic connections for electronic neural net-
work applications offers multiple quantized
levels of connection strength using only
simple, two-terminal, binary microswitch
devices. Such simple device structures
promise implementations of quantized-
“gray-scale” synaptic arrays with very high
density. Synaptic arrays for electronic
neural networks have been fabricated in
the past, using programmable binary (on/
of) microswitches and passive thin-film re-
sistor elements with equal connection
strengths at all nodes, useful for content-
addressable, high-density associative
memories. However, multivalued, gray-
scale synaptic connection strengths are
required for neural network architectures
with capabilities that involve higher-level
learning and adaptability to solve ill;posed
problems.

The basic structure of this quantized
gray-scale synaptic array resembles a pro-
grammable binary synaptic grid with resis-
tive connections at the intersections of row
and column conductors. However, in this
case, several adjoining rows and coiumns
of the grid are connected in parallel exter-
nally, to form “subgrids” of chosen size.
Thus, each subgrid constitutes several
row/column intersections of a finer grid
and forms one synaptic node with pro-
grammable multtivalued connection strength
(see figure).

Within each subgrid, the individual mi-
croswitches associated with their respec-
tive resistive connections at the nodes of
the finer grid can be turned on in various
combinations to obtain discrete synaptic
strengths. The parallel external connec-
tions create sets of parallel resistors. Thus
the conductance of each internal connec-
tion of the subgrid adds to the total con-
ductance (connection strength) of the
node represented by the subgrid. The
scheme can, of course, be appliedtoan ar-
ray of synapses with analog strengths to
extend their range.

The design of a subgrid and the achievable
conductance values depend predominant-
ly on the conductance of individual ele-
ments and precision in their values. For ex-
ample, in a subgrid of n elements with
equal conductance values, it is possible to
obtain either zero conductance or any in-
tegral multiple of the unit conductance
from 1 to n. Further, if different conduc-
tance values (e.g., a binary string of values
proportional to 1,2, 4, 8...)are providedina
subgrid, then the maximum achievable
number of subgrid conductances is 2".

The practical number and sizes of con-
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Subgrlids In a Fine Grid of programmable resistive connections would be connected exter-
nally in parallel to form a coarser synaptic grid. By selection of the pattern of connections in
each subgrid, the connection strength of the synaptic node represented by that subgrid

would be set at a quantized “gray level.”

ductance increments are, however, re-
stricted by the need to avoid overlap of
conductance levels due to the limitations in
the achievable resistor precision. For ex-

ample, with =+ 3-percent precision, an ar-
ray is limited to 16 distinct conductance
levels (in addition to zero), even with sub-
grids larger than 16 nodes. Programmable,
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40-by-40 binary synaptic arrays have been
fabricated with an identical connection
strength at each node of one megohm re-
sistances having a precision of =+ 3-per-
cent and can thus provide a 4-bit gray
scale with this scheme. The extra “real

i

estimate” occupied by the binary elements
to provide for a gray scale in such an array
is more than compensated by the overall
structural simplicity and the potential high
density.

This work was done by James L. Lamb,

Taher Daud, and Anilkumar P. Thakoor of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 155
on the TSP Request Card.

NPO-17579

Durable Bipolar Plates for Lead/Acid Batteries

Segmented electrodes and improved adhesion increase cycle life.

NASA's Jet Propulsion Laboratory, Pasadena, California

A new structure for the positive faces of
bipolar plates increases the longevity of
lead/acid batteries. Ordinarily, the layers in
bipolar plates separate and positive-elec-
trode material flakes away after repeated
charge/discharge cycles. The new struc-
ture divides the positive-electrode layer in-
to many isolated segments so that defects
cannot spread across the layer. In addition,
surfaces are treated before assembly to
promote adhesion.

The positive plate in the new structure
consists of tilelike positive-electrode
squares arrayed in recesses in a platelike
body (see figure). The body is made of
woven fiberglass embedded in epoxy res-
in. So that the plate body is conductive, the
glass fibers are coated with fluoride-doped
tin oxide before they are molded into the
body. The epoxy makes the plate impervi-
ous to the electrolyte that surrounds it in
the battery.

The positive-electrode squares are
formed by applying an aqueous paste of
lead dioxide to the recesses in the body.
The paste includes electrically-conductive
coated glass fibers like those in the body.
The paste is allowed to dry and cure. The
squares are then electrically connected
but otherwise physically isolated from
each other.

Before the paste is applied, the surface
of the body is conditioned by exposure to
an oxidizing plasma, a wetting agent such
as a conventional nonionic surfactant, or
an aqueous coupling material like lead ox-
ide in polyacrylic acid. This treatment
makes the normally hydrophobic epoxy
accept the water-based paste more readily
and improves the adhesion between the
squares and the body.

The negative side is built on the other
face of the body. First, a conductive ad-
hesive (for example, epoxy filled with
graphite) is used to hold a conductive layer

A A
$ }
/"
Ridges %
PLAN VIEW Positive-Electrode
Material
" v 4 ¢ Body
. . Conductive
Adhesive
Negative- Conductive
Electrode Layer
Layer SECTION A-A (Lead Foil)

Ridges on the Body divide the positive electrode into isolated squares, each typically 1 in.
(about 25 mm) on a side. The materials that support the electrochemically active compo-

nents are lightweight and resistant to acid.

of lead foil on the body. Then a negative
electrode is formed from lead paste. A
glass scrim supports the negative elec-
trode.

This work was done by Thomas J. Clough
and Naum Pinsky of Ensci, Inc., for

NASA’s Jet Propulsion Laboratory. For
further information, Circle 43 on the TSP
Request Card.

NPO-17662

Interferometric Fiber-Optic Gyroscope
An integrated three-waveguide directional coupler functions as a polarizer and splitter.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A fiber-optic gyroscope (see Figure 1) in-

corporates a novel three-waveguide direc-
22

tional coupler that functions both as a polar-
izer and as a splitter. The coupler is intended

for eventual fabrication as in a mass-pro-
ducible integrated optical circuit that would

NASA Tech Briefs, April 1990



above any waveform measurement challenge
with the new Nicolet System 500, ~ ===

optimum configuration, starting as low as
$1,645 per channel.

mum mplmgratzés up to 10 \ '-‘ 2 is ready to start wor S SOOI
Multichannel flexibility. Whett 158 two :s ’s out of the box. Send now for
or 200 channels, the 500 can handle it. Ruchuee.

e

Nicolet Test Instruments Division

I s RO |

5225 Verona Road, Madison, WI 53711-4495, 608/273-5008 or 800/356-3090 Circle Reader Action No. 696 INSTRUMENTS OF DISCOVERY
18

o s R R - R L e i, L



provide advantages including low drive
voltage, large-bandwidth phase modula-
tion, preservation of polarization in trans-
mission between the devices on the same
substrate, and low cost.

The design of the new coupler avoids a
deficiency noted in the “Y-tap” configura-
tion tried in an earlier multifunction circuit.
In that configuration, when the frontend
splitter was fabricated in a single integrat-
ed optical circuit, power radiating from one
tap recoupled into the other tap.

The source of light for the gyroscopeis a
superluminescent laser diode that has a
middle wavelength of 1,300 nm and a
bandwidth of 20 nm. An output of 130 uW of
output from the diode is coupled into a
single-mode optical-fiber “pigtail”” con-
nected to one port of a 3-dB polished fiber
coupler. An InGaAs positive/intrinsic/nega-
tive field-effect-transistor detector is con-
nected to another port of the coupler. Yet
another port of the coupler is connected to
the integrated optical substrate, and the
fourth port is connected to a power-moni-
toring detector (not shown). The polished
fiber coupler is made from the polarization-
maintaining fiber. The coupler has polariza-
tion cross coupling of less than — 18 dB for
all ports and has a 0.9 dB insertion loss.

The integrated circuit consists of the
three-waveguide directional coupler with a
phase modulator on one of the wave-
guides. The coupler is designed with trans-
verse electric (TE) polarization in the bar
state (two coupling lengths) and transverse
magnetic (TM) polarization in the cross
state (one coupling length). The TM light
entering the middle waveguide splits into
the outer guides, which are connected to
the sensing coil of the gyroscope. The in-
tegrated circuit is fabricated in Z-cut,
Y-propagating lithium niobate, by diffusing
titantium and indium into the LiNbO4
substrate to make a waveguide structure
for single-mode operation. A 2,000-A-thick
SiO, buffer layer deposited from chemical
vapor prevents TM loading of the alumi-
num electrodes. When used passively in
the gyroscope, the integrated circuit has a
polarization extinction ratio of 20 dB and a
TM splitting ratio of 1.01.

The sensing coil of the gyroscope is 16
cm in diameter and quadrupole-wound
with 884 m of polarization-maintaining fi-
ber. The coil has a polarization extinction
ratio of 8.6 dB (compared to 19 dB when
loosely wound) and a loss of 1.0 dB. During
open-loop testing without phase modula-
tion and with no rotation, the power reach-
ing the detector is 0.18 uW. The total loss in
the system is 26.6 dB; 7.8 dB due to the
round trip through the fiber coil, and 18.8
dB due to the two passes through the in-
tegrated optical circuit.

Nonoptimum coupling of the TM mode
in the polarizer/splitter contributes 3.2 dB
of the 9.4 dB total loss per pass through the
integrated optical circuit. The remaining
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Figure 1. The Interferometric Fiber-Optic Gyroscope includes a combined polarizer and
splitter that can be implemented as a single integrated optical circuit.
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Figure 2. The Fiber-Optic Gyroscope Detects the 11.4°/h horizontal component of the
Earth’s rotational velocity at Allentown, PA. (latitude 40° 38"). The graph shows the output of
the gyroscope with the axis of the sensing coil pointing in the indicated directions.

6.2 dB of insertion loss is due to coupling
between the fibers. To reduce the 4-per-
cent Fresnel reflections at the interfaces
between the fibers and the lithium niobate,
the interfaces are angled. However, the
angling increases the coupling loss from
1.1 dB to 3.1 dB per interface.

Figure 2 shows the data obtained when

the gyroscope was used to detect the rota-
tion of the Earth with the axis of the coil held
horizontally at a latitude of 40°38". The
phase modulator was drivenbya +4.5V
square wave to produce a +90° phase
shift at the coil eigenfrequency of 115 kHz.
The gyroscope exhibited a phase noise of
0.63(°/h)/Hz *2 with a lock-in amplifier time
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constantof 1.0sanda 12-dBloctave rolloff.
This corresponds to a random walk of
0.011°h" which is within a factor of 3 of
the shot noise limit, 0.0042 °h "z,

This work was done by Ramon P. DePaula
of Caltech and Gail A. Bogert and William J.

Minford of AT&T Bell Laboratories for

NASA’s Jet Propulsion Laboratory. For

further information, Circle 18 on the TSP Re-

quest Card.
NPO-17515

Upper-Bound Estimates of SEU in CMOS

Limited experimental information can be used to make conservative design estimates.

NASA's Jet Propulsion Laboratory, Pasadena, California

The theory of single-event upsets (SEU)
(changes in logic state caused by ener-
getic charged subatomic particles)in com-
plementary metal oxide/semiconductor
(CMOS) logic devices has been extended
to provide upper-bound estimates of rates
of SEU when limited experimental informa-
tion is available and the configuration and
dimensions of SEU-sensitive regions of
devices are unknown. The method of esti-
mation is based partly on the chord-length-
distribution method, which is a popular
method for SEU calculations, and in which
the configurations and dimensions of de-
vices are normally required.

The method requires experimental data
on the normal incident SEU cross section
as a function of linear energy transfer
(LET). The method involves the partition of
the device into an arbitrary number of
assumed parallelepiped-shaped sensitive
regions, which may or may not represent
the real (but unknown) sensitive regions of
the device.

The cross sections and the threshold
LET's of the assumed sensitive regions are
adjusted to obtain a composite, stepped
cross-section-vs.-LET curve that bounds
the experimental curve (see figure). During
this curve-bounding process, the depths
and length-to-width ratios of the parallelepi-
peds are adjusted to obtain maximum rates
of upset. Several theorems regarding this
process have been proved to justify the
principal statement of the method regard-
ing estimation, which is simply that the rate
of upset of the hypothetical device com-
posed of the parallelepipeds is an upper
bound on the rate of upset of the real de-
vice.

The fundamental conclusion of the
theorems is that when length-to-width
ratios and depths are varied to produce a
maximum upset rate, the rate for any col-
lection of parallelepipeds (all having the
same threshold LET) is proportional to the
total area. It is shown that this implies that
the same upper bound estimate (con-
structed from an experimental cross-
section-versus-LET curve) can be applied
whether the device contains a few large
sensitive regions or many small identical or
nonidentical regions. This “invariance” of
upset rate per area implies that it is possi-
ble to construct an effective flux (which is
defined to be the upper bound upset rate
per area) versus LET curve (one curve for
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The Stepped Curve is a theoretical curve. Each step represents a sensitive region in a
hypothetical device. Under appropriate conditions, upset rates for the hypothetical device
are upper bounds on the rate for the real device.

each environment) such that the same
curve can be used to produce upper bound
upset rate estimates for any parallele-
piped-shaped region or any collection of
such regions in an isotropic environment.
The validity of this upper-bound estimate
depends on the following conditions:

* The experimental data represent the de-
vice with adequate accuracy for the con-
ditions that will apply (e.g., temperature,
total dose degradation).

* The component of the ionizing radiation in
question is sufficiently energetic so that
the LET does not vary appreciably along
the chord through the device and, there-
fore, the chord-length-distribution method
can be applied.

® Delayed charges are unimportant com-
pared to prompt charges.

* The sensitive regions can be treated as
having well-defined shapes (ie., the ef-
fects of funneling can be approximated by
assuming some appropriate effective

shape for each sensitive region), and for
each region the shape can be adeguately
approximated as a parallelepiped.

* The sensitive regions are independent of
each other, and each can be character-
ized by a well-defined critical charge for
SEU.

* Every SEU in the device can be attributed
to the liberation of charge in excess of the
critical charge in one of the sensitive re-
gions.

Most of these conditions are required
whenever the chord-length-distribution
method is used. The popularity of the
chord-length-distribution method suggests
that the conditions are approximately
satisfied when CMOS devices are exposed
to cosmic rays.

This work was done by Larry D. Edmonds
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
59 on the TSP Request Card.

NPO-17566
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Forward Bias Inhibits Single-Event Upsets
Bipolar integrated circuits are made more resistant to ionizing radiation.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Tests show that the resistance of a bipo-
lar integrated logic or memory circuit to
single-event upsets can be increased by
imparting forward bias to the diode consti-
tuted by the buried layer of the substrate
and the collector. The susceptibility of the
conventional design to single-event upsets
is illustrated in Figure 1. The buried-lay-
er/substrate diode is reverse-biased to pre-
vent the leakage of current between adija-
cent transistors. Because of this reverse
bias, an energetic ion that penetrates the
buried layer can cause the collection of
charge at the buried-layer/substrate junc-
tion. Schematically, this is representedas a
pulse of current / (t)in the buried-layer/sub-
strate diode D

An integrated-circuit chip containing
four random-access memory cells (also
shown schematically in Figure 1) was built
to test its behavior under irradiation at vari-
ous degrees of forward bias. Transistors T,
and T, are for data storage. Diodes D, and
D,, which are formed by short circuiting
the base and collector contacts of tran-
sistors, are used to read and write data in
the memory cell. The lateral dimensions of
three of the cells were 2, 4, and 10 times,
respectively, those of the smallest cell. The
cells were laid out at the corners of the
chip, away from each other, so that they
would not interfere with each other when
the buried-layer/substrate diodes were
forward-biased.

During the tests, each of the cells was
powered with a cell current of 50 pA during
irradiation by 150-MeV iron ions. As the
bias on the buried-layer/substrate diode
was varied from full reverse (—10 V) to
slightly forward (+0.1 V), the single-event-
upset cross section of the largest cell de-
creased by a factor of about 1,000 (see Fig-
ure 2). The cross section begantoincrease
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Figure 2. The Single-Event-Upset Cross
Section of the largest test cell decreases
dramatically as the bias changes from —10
Vto +0.1 V.
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Figure 1. The Conventional Silicon Bipolar Integrated-Circuit Transistor, as part of a memory
cell, is vulnerable to single-event upsets caused by energetic ions that penetrate through the
buried layer into the substrate. The test cells provide for the application of forward bias to
the buried-layer/substrate diodes of the transistors in these cells to reduce the susceptibility
of these cells to single-event upsets.

again as the forward bias rose to 0.2 V be-
cause the logic-voltage margin decreased

with the increase in forward bias.
The single-event-upset cross sections of
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the smaller cells were not decreased by
forward bias. This was because the 50-uA
operating current was chosen to suit the
largest cell. The smaller cells should exhibit
behavior similar to that of the largest cell
when the proper current is applied.

This work was done by John A. Zoutendyk
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
55 on the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries

concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, NASA's Resident Office-JPL [see
page 14]. Refer to NPO-17573

Exact Chord-Length Distribution for SEU Calculations
Computed rates of SEU’s can now be more accurate.
NASA's Jet Propulsion Laboratory, Pasadena, California

The exact integral chord-length distribu-
tion has been derived for use in calcula-
tions of the rates of single-event upsets
(SEU's) (changes in logic states) caused by
the impingement of cosmic rays or other
jonizing radiation on electronic logic cir-
cuits. The integral chord-length distribution
C(x) gives the fraction of all chords (repre-
senting paths of isotropically incident ion-
izing particles) through a rectangular paral-
lelepiped that have length x or greater. The
rectangular parallelepiped represents the
SEU-sensitive volume of an electronic
device. C(x) is used in conjunction with the
differential linear energy transfer (LET)
spectrum of the ionizing radiation to cal-
culate the rate of SEU in the device. One
can also use the differential chord-length
distribution with the integral LET spectrum.

The exact C(x) is derived from Coleman'’s
differential chord-length distribution Pu(x).
The exact C(x) is specified by a com-
plicated set of equations that involve x and
the dimensions a, b, and c of the paral-
lelepiped. Each equation is applicable be-
tween certain limiting values of x that de-
pend on the relative values of a, b, and c.
The exact C(x) has been used to evaluate
other chord4ength distributions — espe-
cially that of Bradford, which has been
called “semi-exact” because itis exact on-
ly at x<b (see figure).

In principle, it makes no difference
whether one uses the integral chord-length
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The Integral Chord-Length Distribution C(x) was calculated by the Bradford (semi-exact)
equations and the exact equations for a parallelepiped of a = 1,m, b=4,m, and
¢ =40,m. The two distributions were used to calculate the differential SEU rate. The
rates of SEU calculated with Bradford’s equations are too high.

distribution with the differential LET spec-
trum or the differential chord-length distri-
bution with the integral LET spectrum to
calculate the rate of SEU. It can be shown
analytically that both yield the same result.
However, each method has its advantages
and disadvantages, depending on the
available LET spectral data and computing
capabilities. Now that the exact C(x) has
been found, one can choose the better of

the two methods for the problem at hand
without having to sacrifice accuracy in the
calculated rate of SEU.

This work was done by Martin G.
Buehler of Caltech and Keung L. Luke of
California State University for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 53 on the TSP Request Card.
NPO-17657

Crystal Oscillators Operate Beyond Rated Frequencies

Amplifiers with single-pole frequency responses are used in their “roll-off” regions.
Goddard Space Flight Center, Greenbelt, Maryland

A class of crystal oscillators is based on
the use of negative-voltage-gain amplifiers
at frequencies well into the “roll-off” fre-
quency regions of their gain-versus-fre-
guency curves. This defining characteris-
tic helps keep the costs of these oscillators
low in that it is not necessary to use the
more expensive amplifiers that have flat
frequency responses out to the desired
operating frequencies. Operation in the
“roll-off” region enables an amplifier to pro-
duce the phase shift necessary for oscilla-
tion, reducing the cost further by elimi-
nating the need for some of the passive
components that have to be included for
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this purpose in oscillators of more conven-
tional design.

An oscillator of the new type can include
a gate inverter operating as an amplifier
(gate ampilifier), an operational amplifier,
or bipolar transistors. Several different
feedback schemes are available to set the
desired current and voltage biases and to
enable the oscillator to operate at the fun-
damental frequency of the crystal or atone
of its overtones.

The figure shows a fundamental-frequen-
cy version and two overtone versions, all
containing gate amplifiers. In the funda-
mental-frequency version, the crystal is

connected directly between the input and
output terminals of the amplifier. A loading
capacitor is connected between the input
terminal and ground. A resistor between
the input and output terminals is chosen to
bias the input and output of the amplifier at
about half the supply voltage. This arrange-
ment makes the gate amplifier operate as
a nearly linear amplifier (rather than as the
on/off switch that it is nominally designed to
be) so that the circuit can oscillate. The
crystal exhibits inductive reactance when
operating at its fundamental frequency.
The combination of the crystal and the
specified loading capacitance constitutes
a resonant circuit at this frequency.

The first overtone version is similar to
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the fundamental-frequency version except
that an additional capacitor is inserted in
series with the crystal. This capacitor is
selected so that at the fundamental fre-
quency of the crystal, the reactance of the
branch appears capacitive. Thus, the
capacitor prevents oscillation at the funda-
mental frequency. At the overtone frequen-
cy, the reactance of the capacitor is suffi-
ciently small that the inductive reactance
of the crystal predominates in the series
combination and interacts with the loading
capacitor to form a resonant circuit. Thus,
the circuit can oscillate at the overtone fre-
quency, even though it cannot oscillate at
the fundamental frequency.

The second overtone version is similar
to the fundamental-frequency version ex-
cept that the value of the resistor is made
much smaller. In this case, the component
of inductive admittance due to the resistor
is greater than the admittance of the loading
capacitor at the fundamental frequency,
thereby preventing oscillation at the funda-
mental frequency. On the other hand, the
inductive admittance at the overtone is
less than the admittance of the loading
capacitor, enabling oscillation to take place
at the overtone.

This work was done by Leonard L.
Kleinberg of Goddard Space Flight Cen-
ter. For further information, Circle 7 on the
TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
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Counsel, Goddard Space Flight Center
[see page 14]. Refer to GSC-13171

Thermal-Interaction Matrix for Resistive Test Structure

A simple linear model predicts small increases in temperature.

NASA's Jet Propulsion Laboratory, Pasadena, California

A linear mathematical model predicts
the increase in temperature in each seg-
ment of a 15-segment resistive structure
that is used to test electromigration. The
assumption of linearity is based on the fact
that the equations that govern the flow of
heat are linear and that the coefficients in
these equations (heat conductivities and
capacities) depend only weakly on temper-
ature and can, therefore, be considered
constant over a limited range of tempera-

ture.

During a test, the structure is held in a
chuck of known constant temperature and
stressed by the application of known cur-
rents. The current through and voltage
across each segment is measured and re-
corded as a function of time to monitor the
driftin the resistance of each segment. The
power P/- dissipated in each segment can
be calculated from the measured current
and voltage. Then the linear model predicts

| Example 1: All Segments Turned On

Segments P23 ANES | 6] 71| 8] 8] 10| 12 19:) 14115
A 181|184 | 186{ 188 |188| 190| 190 [ 189| 191| 189|189 | 189 | 187 | 185| 183
B 182 185|187 188 | 189|189| 190 [190| 190| 189 | 189 [ 188 | 187 | 186 | 184
Example 2: All Segments Except 8 and 9 (Simulating Two Adjacent Failed Segments)
Turned On

Segments l213 1408617 ] 8|9 110111112133]114]°15
A 180182184185 |185 185|184 184185 |185 |185 [ 183 182
B 181|183 (184|185 |185 (185|184 184|185 |185 |184 |183| 181

The Temperatures of the Segments in °C were determined by the linear model with the
thermal-interaction matrix (A) and by a resistance calibration (B).
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that, provided that currents, voltages, and
temperatures change slowly, the tempera-
ture T, of the ith segment is given by

n
T =2A 1B+ T

J=1
wheren = the number of segments (in this
case, 15), the coefficients A, ;constitute the
thermal-interaction matrix, and 7, = the
temperature of the chuck. The elements of
the matrix have the dimensions of thermal
resistance (temperature - power).

The table shows two examples of the
application of this technigue. In the first ex-
ample, current at a density of 2.2 MA/cm?
was forced through all 15 segments of the
test structure. In the second example, the
current was forced through all segments
except the eighth and ninth. The predic-
tions of the linear model were within 1 K of
the temperature determined by a resis-
tance calibration procedure.

This work was done by Martin G. Buehler;
Jaipal K. Dhiman, and Nasser Zamani of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
92 on the TSP Request Card.

NPO-17673
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TEAC.

.

And we make a comprehensive line of reel-to-reel data recorders
with extended recording times and up to 28 channels available.

We offer the widest selection of cassette data recorders from
1- to 9-channel models, from pocket-sized to sturdy laboratory and
field systems.

Our new portable data recorders incorporating DAT technol-
ogy are the leading edge in instrumentation recorders.

If you can' find the data recorder in the format you need from
TEAC, then it doesnt exist.

And if it doesnit exist it's because TEAC hasn' built it yet.

Instrumentation Data Recorder Division.
©1989 TEAC AMERICA, INC, 7733 TELEGRAPH ROAD, MONTEBELLO, CA 90640 (213) 726-0303
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Noise-Contamination Detector
Deviations in periods of output from a tracking filter are measured.
Marshall Space Flight Center, Alabama
Asignal-analyzing systemmeasuresthe [ I Down Down
degree to which a sinusoid is contami-
nated by noise. The system was developed —] UpPuos [ Fegior |
to measure noise in the outputs of vibration ATt e
sensors used to test bearings and other Band-Pass Filter Civeh
components of rotating machinery. Noise Doy ol
can indicate faulty bearings or faulty test

equipment.

The signal from the sensor is fed through a
tracking band-pass filter to a zero-crossing
detector (see figure). The dither module,
which is the remainder of the system fol-
lowing the zero-crossing detector, meas-
ures the deviations in the periods of the
signal between the zero crossings. In par-
ticular, it computes the average of the ab-
solute values

A7) = 1741 ~T
of the differences between consecutive
periods of the signal. It then divides this
average by the average period T to obtain
A, the average fractional dither.

Ithas been foundthat A ;is related tothe
root-mean-square (rms) white-noise com-
ponent N in the signal and to the rms value
M of the signal (including sinusoid and
noise) by the equation kA, = N/M, where k
is a constant of proportionality that must be
determined for the equipment in question.
From the fundamental properties of the
sinusoid and the noise, M2 = N24 52
where S = the rms amplitude of the sinu-
soid. Substituting N = MkA , from the first
equation into the second equation, one ob-

tains

S = M[1— (kAy?"
Thus, one can also use the fractional dither
measured by the system and the rms am-
plitude of the naisy signal to estimate the
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The Noise-Contamination Detector indirectly measures the noise in a noisy sinusoidal

signal by measuring the average value of the fractional absolutedither in the period of

the signal.
rms amplitude of the sinusoid.

The system continually reports A;to a
computer that monitors its operation. If A,
exceeds a level that previous statistical
tests have shown to be beyond the analyti-
cal capability of the system, the computer
can trigger an alarm, possibly to alert the
operator to select a different sensor or a
different recording for analysis. As long as
A4 remains within normal limits, it can be

used to estimate continually the sinusoidal
component (indicative of the amplitude of
vibration in the particular passband) from
the rms measurements of the noisy signal.
This work was done by Richard L. Randall
of Rockwell International Corp. for Mar-
shall Space Flight Center. For further in-
formation, Circle 163 on the TSP Request
Card.
MFS-29537
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Large-Constraint-Length, Fast Viterbi Decoder
A scheme for efficient interconnection makes VLS| design feasible.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A concept for a fast Viterbi decoder pro-
vides for the processing of convolutional
codes of constraint length K up to 15 and

34

rates of 1/2 to 1/6. A fully parallel (but bit-
serial) architecture has been developed for
a decoder of K =7 to be implemented in a

single dedicated very-large-scale inte-
grated (VLSI) circuit chip. Such a chip can
be used as a building block for decoders of
larger K.

The number of states in a Viterbi decod-

NASA Tech Briefs, April 1990
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Here'sall the “‘tooling up” youneed
to build strong enclosures to your
own specs: An ordinary mallet and
a few wrenches. AMCO'’s 6061-T6
High Strength Aluminum framing
system does the rest. You get extra-
ordinarily strong enclosures,
custom-made for your application,
without long delays.

We can supply the pieces or
build the whole enclosure.

Simple Hand-Mallet-Wrench
assembly.

The system consists of extruded
aluminum tubing, corner castings,
locking pieces, and accessories. A
relatively concise selection of stand-

simple solution

ard pieces covers a very broad
range of possible applications.
Among other benefits, this cuts
your waiting time to a minimum.

You decide the shapes and sizes.
Here is another big feature: You can
build enclosures from 8" to 20’ in
any 90° plane. You can combine
big compartments and small ones
in any combination you need. You
can use non-locking clips for proto-
typing or planned disassembly, or
use locking clips for a tough perma-
nent assembly. This enclosure
framing system never boxes you
in! Keep some in stock for those
emergency needs.

®

Amazingly strong.

Our corner locking methods
actually surpass the strength of
welding—one of the reasons that
this system offers you optimum
weight/structural strength ratios.
This system has withstood some
very tough applications—like NASA
Airborne, shipboard, ground sup-
port firing systems enclosures and
missile launch systems, not to
mention in house industrial use.

It's easy to check it out. Just
phone for Catalog #203. Call
1-800-833-3156. In Illinois,
1-312-671-6670.

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

AMCO’s Heavy Duty Aluminum Structural System.
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er increases exponentially with K, and the
number of interconnections increases in
the same proportion. The partition of the
De Bruijn graph that describes a Viterbi
decoder involves, in general, many inter-
connecting wires. The problem is to find a
partition that reduces the number of inter-
connections and, in addition, produces
universal building blocks independent of
the overall size of the decoder.

The design of the new chip and the cir-
cuit board on which the chips are mounted
is based on a new, hierarchical partition of
De Bruijn graphs, which reduces the num-
ber of external interconnections required
to implement a Viterbi decoder. The parti-
tion is nested in the sense that a decoder of
constraint length K can be obtained from
two decoders of constraint length K—1.
This partition is completely regular; i.e., it
consists of identical building blocks at two
distinct levels (chips and boards). This
makes it possible to implement a Viterbi
decoder of any K; of course, the amount of
hardware increases exponentially with K.

The conceptual design for the K= 15
decoder (see figure) requires 16 identical
circuit boards, each containing 16 identical
chips. Each chip contains 32 butterfly proc-
essors, making a total of 16 x 16 x 32 =
8,192 butterfly processors. The layout of
each chip as well as the layout of a single
board does not depend upon the size of the
complete system: only the wiring between
boards has to be modified to accommo-
date different constraint lengths.

The use of custom-made microcircuits
is essential to the construction of the K =
15 decoder. Without the latest technology

Node
Synchronization

Code
Symbols

A
. 8,192 VLSI .
Normalization : p By Nﬁnﬂciﬂeﬂ!ﬂﬂ!
. Hon e Butterfly <>

Decoded
Bits

The Large-Constraint-Length Viterbi Decoder contains six major functional blocks. The VLSI
circuits perform branch metric computations, add-compare-select operations, and then
store the decisions in the traceback memory. The traceback processor then reads the appro-
priate memory locations and puts out decoded bits.

in application-specific integrated circuits,
the decoder would be too large, too expen-
sive, and too unreliable to be practical. The
low-power complementary metal oxide
semiconductor (CMOS)circuits envisioned
for the 8,192 butterfly processors and sup-
porting equipment are expected to con-
sume less than 50 W when operating at full
speed (> 1 Mb/s).

This work was done by O. Collins, S.
Dolinar, In-Shek Hsu, F. Pollara, E. Olson, J.
Statman, and G. Zimmerman of Caltech

for NASA’s Jet Propulsion Laboratory.
For further information, Circle 75 on the
TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, NASA's Resident Office-JPL [see
page 14]. Refer to NPO-17639

Testing Microwave Landing Systems With Satellite Navigation

Less time and equipment are needed to perform tests.

John F. Kennedy Space Center, Florida

The satellite-based Global Positioning
System (GPS) measures the accuracy of
the microwave scanning-beam landing sys-
tem (MSBLS) at airports used to support
Shuttle landings. The GPS is especially
suitable for this purpose in that it provides
the time and three-dimensional informa-
tion on the position and velocity with unpre-
cedented accuracy. This same feature
also makes it useful for testing other elec-
tronic navigation aids like LORAN, TACAN
and microwave landing systems (MLS).

In a test of an MLS, an airplane is flown
within the area of coverage, possibly along
specified trajectories. The flight is tracked
both by the MLS and by a reference sys-
tem that is at least three times as accurate
as the MLS is. A laser tracker can be used
as the reference system, but it has several
undesirable features. It is bulky, expensive,
heavy, and susceptible to damage in ship-
ment and requires about 4 weeks to ship
and set up at the MLS site. These features
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are particularly disadvantageous if tests
have to be conducted repeatedly at dif-
ferent airports to satisfy requirements for
periodic calibration or certification.

When the GPS is the reference system,
two commercially available GPS receivers
are used in a differential mode to deter-
mine the relative position vector between
the airplane and a reference location. The
GPS reference-station antenna is set up
above the MLS antennas, and the other
GPS station is established aboard the air-
plane. The GPS reference station receives
the L-Band signals bearing the coarse ac-
quisition GPS code from at least four GPS
satellites, uses these signals to calculate
the distance to each satellite, calculates its
position from these distances, compares
this position to an initial reference position
measured before the test, and calculates a
correction based on this comparison.

Using a 408-MHz radio link, the refer-
ence station transmits the correction to the

GPS receiver in the airplane once every
second. The GPS receiver in the airplane
uses the GPS signals it receives to calcu-
late the position of the airplane in amanner
similar to that of the reference station, then
uses the correction transmitted by the ref-
erence station to eliminate common-mode
errors. The position outputs from both the
MLS and GPS receivers are fed to a com-
puter, which compares them and provides
a real-time display of angular errors during
the flight. The position outputs are also
recorded digitally for subsequent proces-
sing.

This work was done by John J. Kiriazes
of Kennedy Space Center. For further in-
formation, Circle 34 on the TSP Request
Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Kennedy
Space Center [see page 14]. Refer to
KSC-11451
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Array Feed To Compensate for Distortion in Antenna
An adaptive system partly restores the desired far-field radiation pattern.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

An adaptive array feed for a paraboloi-
dal-reflector antenna helps to compensate
for the effects of slow changes in the shape
of the reflecting surface; for example,
changes caused by gradients of tempera-
ture or changes in orientation in the gravita-
tional field. As the reflecting surface devi-
ates from the ideal paraboloidal shape, the
wave fronts also become distorted, caus-
ing a decrease in the on-axis amplitude
and/or increases in the side-lobe ampli-
tudes. The adaptive array feed counter-
acts the distortion by illuminating the re-
flector with wave fronts that have, in a
sense, the “opposite” distortion.

For the purpose of numerical simula-
tion, the far-field of a distorted reflector is
first computed using a diffraction-analysis
computer program. This computer pro-
gram also incorporates the concept of
conjugate field matching to generate com-
plex excitation coefficients of the radiating
elements in the array. These excitation co-
efficients can be chosen to compensate
the distortion partly, either maximizing the
directivity in the desired direction or reduc-
ing (or otherwise controlling) the side lobes.
In practice, however, it is not necessary to
measure the shape of the reflector directly.
It suffices to measure the amplitude and
the phase of the focal-plane field at a suffi-
cient number of points for an incoming
plane wave.

In an experiment to test the adaptive-
array-feed concept, an offset paraboloidal
reflector of 1.832-m focal length was delib-
erately machined with a shape representa-
tive of a typical thermal distortion. The re-
flector was fed by an array feed consisting
of 19 cigar-shaped elements spaced 1.06
wavelength apart (at 8.45 GHz). Each ele-
ment was fed through an analog phase shift-
er and a variable attenuator. The amplitude
and phase of the reflection of an incoming
plane wave were measured at each ele-
ment and processed into excitation coeffi-
cients, which were used to adjust the
phase shifters and attenuator (see figure).
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An Adaptive Array Feed implements an algorithm that compensates for the distortion inthe
radiation field caused by the distortion in the reflector.

The far-field pattern and the on-axis direc-
tivity were noticeably improved by the
compensation. At the present time, the
steps required in the adaptive design were
implemented manually. It is planned to per-
form these steps automatically by perform-

ing a computer-controlled experiment.
This work was done by Y. Rahmat-Samii

of Caltech for NASA’s Jet Propulsion

Laboratory. For further information, Circle

86 on the TSP Request Card.

NPO-17667

Acquisition of Spread-Spectrum Code
The effects of Doppler shift and data modulation are taken into account.
NASA's Jet Propulsion Laboratory, Pasadena, California

Two advanced schemes for the acquisi-
tion of direct-sequence spread-spectrum
codes have been proposed. Both schemes
take into account the slippage of code
chips caused by severe Doppler shifts of

38

the carrier and code frequencies. (As used
here, “chips” means periods of time con-
taining sequences of code bits, not small
pieces of silicon containing integrated cir-
cuits.) In addition, one scheme takes ac-

count of data modulation.

Accurate and fast synchronization be-
tween the spreading (incoming) pseudo-
noise code and the local despreading (re-
ceiver) code is necessary for the efficient

NASA Tech Briefs, April 1990
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utilization of any spread-spectrum system.
Typically, the first step in synchronization is
acquisition of the incoming code. This is a
process of successive decisions wherein
the ultimate goal is to bring the two codes
into coarse time alignment within one
code-chip interval.

In the proposed schemes (see figure),
the uncertain carrier-frequency range and
uncertain code-frequency range are parti-
tioned into subbands. Within each sub-
band, the code and carrier frequencies of
the local reference signal are offset by
quantized amounts that compensate as
much as possible for the Doppler effect,
thus limiting this effect in each subband
during the correlation process. More sub-
bands lead to better performance but re-
quire more correlators (i.e., higher cost).

More specifically, the scheme for Dopp-
ler shift only involves a coherent maxi-
mum-likelihood detector divided into strips,
each of which does the processing at a dif-
ferent fractional offset —7’; in the code-
chip time T, (and thus, a corresponding off-
set in code frequency). Within each strip,
samples are correlated at each of M, differ-
ent time lags expressed as fractional code-
phase offsets ;. The sampled correlation
functions are processed via a fast-Fourier-
transform algorithm.

Where there is no data modulation, the
integration time can be arbitrarily long, but
longer integration time results in finer
carrier-frequency resolution, hence requir-
ing more filters to cover the same uncer-
tainty. Where there is data modulation, the
integration time is limited by the data-bit
time. Thus, the scheme for use with data

Strip 2

Input
Signal

Bank of In-Phase and
Quadrature Detectors

Output
Signal

—_——

Strip 1

Select the Channel With
the Largest Output

Accummulator

LR

The M,-Lag Correlator in each strip of the spread-spectrum-code detector operates at a dif-
ferent offset code-chip time. Each offset represents an assumed (tentative) Doppler shift.

modulation includes noncoherent detec-
tion to reduce the degradation of perform-
ance due to data modulation and to allow a
long correlation time without necessitating
a fast Fourier transform of a large number
of points. The total correlation time is parti-
tioned into subintervals, and the results of
the integrations in the subintervals are
square-law-noncoherently combined for
detection.

These schemes have a highly parallel
architecture that can be implemented with

currently available technology. It might
also be possible to use a hybrid parallel/
serial architecture in which the acquisition
time varies in inverse proportion to the
number of correlators and fast-Fourier-
transform processors.

This work was done by Unjeng Cheng,
William J. Hurd, and Joseph . Statman of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 46
on the TSP Request Card.

NPO-17472

Trellis-Coded MDPSK System With Doppler Correction

Advanced features are incorporated in equipment for mobile/satellite communications.

NASA'’s Jet Propulsion
Laboratory,

Pasadena, California

A multiple-differential-phase-shift-keyed
(MDPSK) microwave system is designed
for communications between mobile and/
or fixed terrestrial stations via satellite
transponders (see Figure 1). Stations in the
system could transmit and receive data or
digitally-coded voice signals at rates up to
4.8 kbls in channels only 5 kHz wide.

The system integrates advanced fea-
tures, some of which have been described
in previous issues of NASA Tech Biriefs.
These features include trellis-coded
8 DPSK modulation with finite interleaving
and deinterleaving, differential encoding
and decoding, root-raised-cosine pulse
shaping at the transmitter and receiver
(matched filtering for a dual-sample detec-
tion scheme), correction for Doppler shifts,

40

Shadowing

Reflection

Reflection

Figure 1. The Mobile/Satellite Communication Channel is subject to deep fades caused by
shadowing, specular reflection, diffuse reflection, and motion. Motion also gives rise to a

Doppler shift.
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and synchronization of symbols (see Fig-
ure 2).

At the transmitting station, input bits at a
speed of 4.8 kb/s are passed through a
16-state, rate-2/3 trellis encoder. The sym-
bols put out by the encoder are interleaved
into blocks of span 8 and depth 16 to break
up burst errors caused by amplitude fades
that last more than 1 symbol time.

The interleaved coded symbols are next
differentially encoded and pulse-shaped by
use of root-raised-cosine filters with 100-
percent excess bandwidth to reduce adja-
cent-channel interference. The output of
the pulse-shaping filters modulates quad-
rature radio-frequency carriers for trans-
mission over the fading channel.

At the receiver, the faded, noise-corrupt-
ed signal is down-converted by sampling,
then passed through “brick-wall” filters of
bandwidth 2.6 kHz, which is the sum of the
8-PSK symbol rate (2,400 Hz) plus the max-
imum Doppler shift (200 Hz). The outputs of
the “brick-wall” filters are provided to the
Doppler-frequency estimator and to a
pseudomatched filter, which consist of a
“brick-wall" filter and a half-symbol-delay-
and-add circuit. (In the absence of Doppler
frequency shift, these pseudomatched fil-
ters are exactly root-raised-cosine filters.)

The differentially detected and Doppler-
corrected samples are fed to the deinter-
leaver, then to the trellis decoder. At the
trellis decoder, branch metrics are com-
puted by use of a correlation (Gaussian-
noise) metric, which is approximately op-
timum in the absence of information on the
state of the channel. Each symbol time,
branch metrics are provided to the Viterbi
decoding algorithm via add/icompare/se-
lect operations with state-metric normali-
zation to prevent overflow from a buffer.
The size of the buffer of the survivor path is

Binary
Data In Trellis o | Difh o1 Digital Pulse Shaper
=" Encoder Inkenipae Encoder and 8PSK Modulator
DEMODULATOR
i “Brick-
Input |
_& Wwall” g Am i
Filter
Transmitter
Delay Delay
T2 T ‘
- Fading
e Channel
e v
ATk *
¥ >\.":“ i /L, LPF 'i ll.
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Data Out | it Add, o g Tt e
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Figure 2. The MDPSK Communication System incorporates advanced encoding, decoding,
modulation, and demodulation techniques to minimize the effects of error bursts. It also
uses feedforward techniques for fast recovery from deep fades.

chosen to be 32 symbols on the basis of for its commercial use should be ad-
computer simulations, which have shown dressed to

that the difference in performance be- Edward Ansell
tween a 32-symbol buffer and a 256-sym- Director of Patents and Licensing
bol buffer is a few tenths of a decibel. Mail Stop 305-6

This work was done by D. Divsalar and California Institute of Technology
M. K. Simon of Caltech for NASA’s Jet 1201 East California Boulevard
Propulsion Laboratory. For further infor- Pasadena, CA 91125

mation, Circle 14 on the TSP Request Card. Refer to NPO-17644, volume and number
In accordance with Public Law 96-517, of this NASA Tech Briefs issue, and the

the contractor has elected to retain title to page number.

this invention. Inquiries concerning rights

Computer Assembles Mosaics of Satellite-SAR Imagery
Overlapping image frames are registered and blended automatically.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A digital image-processing system as-
sembles maplike mosaic images of large
areas of the Earth from overlapping im-
ages of smaller areas generated by space-
borne synthetic-aperture radar (SAR). The
system automatically registers and blends
the smaller images with each other. Thus, it
eliminates the need for the time-con-
suming, tedious manual processing like
that used to assemble mosaics of aerial
photographs and images from airborne
SAR. The system is modifiable to accept
images from spaceborne optical sensors.

Before being fed to the system, the digi-
tized SAR image data are preprocessed
(NPO-17106): geometric distortions caused
by interacting effects of the attitude of the
radar beam and the altitude of the target
are corrected, and the imagery is regis-
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tered with digital models of the terrain ob-  37° 28 } 37° 26'N
tained from existing topographical maps. ; L
The resulting images are relatively free of
distortions, and the radar coordinates of
the original images have been converted
to geographic coordinates.

After selecting overlapping images, the
system must determine the misregistration
between them. This is because although
the images are nominally registered with
geographic coordinates, there are residual
errors caused by uncertainties in the loca-
tion of the radar platform, noise, and the

Figure 1. Images Are Assembled onto a
Map Grid to obtain the large-scale mosaic
image. First, images from the same along-
track passes are connected side-by-side in- :
to long strips. Next, the adjacent strips are 32° 189N 32° 18.9'N
assembled to obtain the overall mosaic. i iy 14° 352w
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radiometric characteristics of terrain. The
system measures the misregistration in
either one of two ways: a procedure based
on the correlation of the overlapping im-
ages; or, if cross correlation fails, a pro-
cedure based on the matching of contour
features that are found by convolving the
images with the Marr-Hildreth operator
(the Laplacian of a smoothing Gaussian of
specified width).

After correction for misregistration, the
images are assembled (see example in
Figure 1). Finally, radiometric disparities
between the component images are re-
duced to smooth the transitions across the
seams. This is done by a modified “feath-
ering” technigue in which the average in-
tensities of the picture elements in the
overlapping regions are used to rescale
the intensities throughout the images.
Figure 2 is an example of a “feathered”
mosaic image.

The system includes a VAX-11785 gen-
eral-purpose computer with 12 Mbytes of
main memory, a Floating Point System
(AP-5210) array processor, two 700-Mbyte
disk drives for the manipulation of images
and the storage of data, and a tape drive
for off-line storage of data. The preproc-
essed images are loaded from the tape
drive. The array processor is used mainly
for the cross correlation of the component
images. The coefficients used for the
feathering scheme are calculated in the
general-purpose computer.

The product mosaics are stored in
quadrants of 6000 x 6000 picture ele-
ments each. From these quadrants, output
products of different sizes and resolutions
can be constructed. The generation of
large, high-resolution mosaics is limited by
existing laser-beam film recorders. The
time required to construct one image
quadrant is about 1 hour.

This work was done by R. Kwok, J. C.
Curlander, and S. S. Pang of Caltech for

Figure 2. This Mosaic Image of Southern
California was made from the 33 images
shown in Figure 1. This mosaic covers an
area of about 400 x 500 km from the Mexi-
can border to the Sierra Nevadas.
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NASA’s Jet Propulsion Laboratory. For
further information, Circle 3 on the TSP Re-
quest Card.

Inquiries concerning rights for the com-

mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office~JPL [see page 14]. Refer to
NPO-17683

Books and Reports

These reports, studies, handbooks are available from
NASA as Technical Support Packages (TSP’s) when a Re-
quest Card number is cited; otherwise they are available
from the National Technical Information Service.

Controlling Shape and
Vibration of Antennas

Sensors, control subsystems,
and actuators would be

integrated to maintain
high performance.

A report discusses the application of ad-
vanced techniques to maintain a large wrap-
rib, offset-feed spacebome antenna reflector
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in the precise shape required for high per-
formance. The idea is o use an integrated
system of sensors, a control processor, and
actuators to measure and suppress both
vibrations and static or slowly varying (e.g.,
thermal) deviations from the desired shape.
The technology is also applicable to other
elastically deformable structures.

For the type of antenna in question, it is
required to provide knowledge of the static
shape to an accuracy of 0.3 mm and to con-
trol the static component of deformations
to an accuracy of 1.0 mm by use of rib-root
actuators. The determination of shape in-
volves the combination of mathematical
modeling of deformations of the structure
with optoelectronic sensing to estimate
overall distortion. The control of shape to

achieve the desired radiation pattern incor-
porates the estimated-distortion inputs and
synsthesizes the predicted control func-
tion to correct for quasi-static elastic defor-
mations.

It is required to correct for vibrations of
the feed and reflector boom to stabilize,
within 0.07°, the hub-to-feed line of sight of
a 20-meter dish antenna operating at 1.61
GHz. To support such precise control, a
characterization of the dynamics of the
overall structure system, based on in situ
measurements and processing methods
for identification of the parameters of a
mathematical model of the dynamics of
the system, is integrated into the overall
control system.

For the static component, the introduc-
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tion of statistical model errors enables the
treatment of effects that have been ig-
nored in the modeling or that occur on too
fine a scale to be modeled adequately. As
a result, the observational data can be sta-
tistically referenced to a plant, and the esti-
mates of distortion can be addressed in the
mathematical framework that includes
modeling errors and observational errors.
This makes it possible to use a variety of
mathematical models and sensing/actuat-
ing systems. The mathematical models
may range from coarse geometric models
that characterize overall features to fine-
scale structural models that can resolve lo-
cal features. The fine-scale models are rep-
resented by stiffness matrices or elliptic
partial differential equations.

For the dynamic component, an accu-
rate mathematical model of the structure
is required. This, in turn, requires a multi-
faceted approach. The response to the fir-
ing of thrustors is analyzed first by Fourier
methods to establish the integrity of the
system and the existence of the major
bending groups and to bound the frequen-
cies and damping ratios of these groups.
These results are used to develop an input
sequence for precise identification of the
parameters of the mathematical mode! of
the dynamics of the system, which maxi-
mize the value of information returned by
the sensors.

For excitation, proof-mass actuators
(PMA's) are used. Accelerometers are dis-
tributed about the antenna and support
structures in sufficient numbers to provide
adequate observability of the major dynam-
ic modes. Recursive-least-squares, maxi-
mum-likelihood-estimation, prediction-
error, and other processing methods in the
time domain are used to derive final pa-
rameter values.

The objective in the control of jitter in the
hub-to-feed line of sight is to correct for
static and dynamic motions that adversely
affect the precision of the radiation pattern.
Static errors are caused by mechanical
bias errors and thermal loading. Dynamic
motion is caused primarily by firing of
thrustors or vibrations induced by control-
moment gyros. The simplest strategy for
the suppression of vibrations is to use pro-
portional rate plus position feedback in the
PMA’s. For increased performance and
suppression of higher frequencies, the
linear quadratic Gaussian (LQG) methodol-
ogy is used to suppress jitter in each major
component of the structure independently.
For highest precision, the measure of ra-
dio-frequency performance is maximized
directly as the control objective, again
using LQG methodology.

This work was done by E. Mettler, R. E.
Scheid, and D. B. Eldred of Caltech for
NASA’s Jet Propulsion Laboratory. To
obtain a copy of the report, “Technologies
for Antenna Shape and Vibration Control,”
Circle 15 on the TSP Request Card.
NPO-17598
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More About Fixed-Lag
Smoothers for
Tracking Carriers

Performance in the presence
of fades can be improved.

A report amplifies and extends the sub-
ject matter of “Performances of Fixed-Lag
Phase-Smoothing Algorithms’ (NPO-
17202), NASA Tech Briefs, Vol. 14, No. 1,
page 73. Intended originally for use in the
reception of weak phase-modulated sig-
nals in NASA's Deep Space Network,
fixed-lag smoothers can also be used to
mitigate the effects of short, deep fades,
including multipath effects, in mobile or
fixed terrestrial receivers of frequency- or
phase-modulated signals.

The problem is to estimate the phase
and frequency of a sinusoidal carrier signal
in the presence of process noise (phase
noise in the received signal generated by
the transmitter or the propagation of the
signal) and additive observation noise (un-
avoidable thermal noise generated by the
receiver). In the receiver, raw estimates of
the frequency and phase are produced by
a phase-locked loop and refined by a post-
loop correction filter, which, in this case, is
a digitally-implemented fixed-lag smooth-
ing filter. The general problem of optimal
filtering and smoothing is nonlinear and in-
tractable, but linear and nonlinear fixed-lag
smoothers, which are suboptimal, can be
designed to enhance the reception of
weak signals.

The author presents the mathematical
model of the signal and the equations of
the suboptimum smoother, as derived from
the stochastic optimization theory. With a
minor modification, these equations are
shown to be the linear Kalman filter equa-
tions for an appropriate linear-signal model
applicable when the phase detector can
be assumed to be linear. A simple finite-im-
pulse-response-filter implementation of the
smoother is presented: In the steady state,
the coefficients of such a filter are constant
and can be precomputed.

Next, the author discusses the transfer
functions of first-, second-, and third-order
filter/smoothers for a signal that includes
zero-mean Gaussian white process noise
and independent zero-mean, narrow-band
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white Gaussian observation noise. (These
cases are commonly used in the mathe-
matical modeling of the estimation of
phase and frequency in communication
and navigation systems.) Assuming the
phase detector to be linear, closed-form
expressions are derived for the transfer
functions and the performance indices of
the loop filter and the smoother.

The theoretical performances of receiv-
ers containing fixed-lag smoothers are
compared with numerical simulations.
When the phase detector is assumed tobe
linear, the performance predicted on the
basis of optimal linear estimation theory is
close to that of the numerical simulations.
However, when the phase-locked loop is
operating near the threshold signal-to-
noise ratio, the phase detector cannot be
assumed to be linear.

When the nonlinearity of the phase de-
tector is taken into consideration and the
receiver is operating at a high signal-to-
noise ratio, the addition of the smoother de-
creases the effect of the phase- and the
frequency-estimation errors by about 5.6
dB. However, as the signal-to-noise ratio is
reduced, the corresponding improvement
is also reduced. The reduction is more
severe when the process noise is present
than when only the observation noise is
present. In the presence of both nonlineari-
ty and process noise, the smoother exhib-

its a marked threshold behavior.

The results of the simulation also sug-
gest that the performance of a loopilter-
and-smoother combination does not change
significantly if the variance of the process
noise is smaller than its design value. This
is of interest because, in many practical
cases, the statistics of the process noise
are not known precisely and are therefore
deliberately overestimated for conserva-
tive design.

This work was done by Rajendra Kumar
of Caltech for NASA’s Jet Propulsion
Laboratory. To obtain a copy of the report,
“Optimum Filter and Smoother Design for
Carrier Phase and Frequency Tracking,”
Circle 39 on the TSP Request Card.
NPO-17389

Operation of the
X-29A Digital Flight-
Control System

Characteristics of the system
and experience gained in
tests are described.

A report reviews the program of testing

and evaluation of the digital flight-control
system for the X-29A airplane, with em-
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phasis on operation during tests. Topics in-
clude the design of the system, special
electronic testing equipment designed to
aid in daily operations, and aspects of test-
ing, including the detection of faults.

Because the X-29A is an aerodynamic-
ally unstable forward-swept-wing airplane,
it requires a highly-augmented control
system to maintain stable flight. The con-
trol system consists of triplex fly-by-wire
digital flight-control computers (FCC's) with
a triplex analog backup system. The FCC's
obtain inputs from various sensors and
provide outputs to hydraulic actuators on
multiple control surfaces.

The digital flight-control system has prov-
en to be very flexible. Many changes have
been made since the first flight, including a
major modification of the control system to
enable the airplane to fly in an expanded
range of velocities, altitudes, and accelera-
tions; the addition of a flight-test mode that
holds the flaps at a fixed position; and the
addition of a remotely-augmented-vehicle
system, which helps the pilot steer ina way
that optimizes maneuvering trajectories
and provides the capability to add signals
to pilot or surface commands for the iden-
tification of aerodynamic parameters.
Modifications were also made in the man-
agement of redundancy in data from air
sensors (speed, altitude, etc.), in normal-
mode gains, and in the built-in tests that

can be initiated by the pilot.

The special electronic testing equip-
ment was designed to examine the internal
workings of the system. For the hardware-
in-the-loop simulation, a breakout panel
was built to make available a test point for
every connection to the FCC's. This pro-
vides easy access to any combination of
analog parameters that interact with the
FCC's. The system-evaluation unit (SEU)
serves as the interface to the internal work-
ings of the FCC's.

The extended aircraft interrogation and
display system (XAIDS), developed by
NASA for use on several aircraft, is used
here to present information on muitiple
parameters residing inside the FCC's. The
XAIDS can display parameters in engi-
neering units, perform tests on the data,
and display results of the test. The com-
bination of the SEU and the XAIDS pro-
vides the capability to read parameters
from the FCC memory when the FCC'sare
not running or from the output bus of the
FCC's when they are running.

The flight-test schedule limited the time
avalilable for disassembly and testing of the
airplane on the ground, necessitating a
simplified approach to testing oh the
ground:; i.e., with only equipment that was
easy to connect to the airplane. All in-
strumented signals were available from a
hangar calibration system, which was

used to monitor such slowly changing pa-
rameters as temperatures, voltages, and
static values of such active parameters as
positions of control surfaces and inputs
from flight-control-system sensors. Break-
out boxes were built to give access to ana-

signals.

During troubleshooting, it became evi-
dent that not all the signals of interest are
available at connectors. To examine data
inside the FCC's, a menu-operated per-
sonal computer was connected to the SEU
through the same RS232 ports the XAIDS
used in the simulation. Specific test pro-
grams were written for the FCC's to store
data from the aircraft for a particular test.
The data are then transferred to the per-
sonal computer where a spreadsheet pro-
gram is used to evaluate the data for prop-
er responses to the test.

This work was done by Vince Chacon
and David McBride of Ames Research
Center. Further information may be found
in NASA TM-100434 [N88-21152], “Opera-
tional Viewpoint of the X-29A Digital Flight
Control System.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra fee
by calling (800) 336-4700.
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Acoustic Humidity Sensor
The speed of sound in air depends on the water content.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

An industrial humidity sensor measures
the volume fraction of water inthe air via its
effect on the speed of sound. The only por-
tion of the sensor that has to be exposed to
the sensed atmosphere is a pair of stainless-
steel tubes (see Figure 1). The sensor is
therefore rugged enough for use in harsh
environments like those used to control the
drying of paper in paper mills, where most
humidity sensors do not survive.

From basic principles of thermodynam-
ics and the kinetic theory of gases, it can be
shown that the volume fraction, x, of water
vapor in air is related to the speed of sound
by
x=[11.312(C,,/C,) —10.611 1%2-0.837
where C,, is the speed of sound in the
moist air and C is the speed of sound in a
control sample of dry air at the same
temperature as that of the moist air. This
approximation is valid within 1 percent at
temperatures from 330 to 1,000 K.

One of the stainless-steel tubes of the
sensor is sealed and contains a charge of
dry air; the other is perforated to a porosity
of about 1 percent to admit the moist air.
The objective is to measure the speed of
sound in each tube in terms of the time be-
tween reflections of pulses of sound froma
diametral stub and from an end wall.

The output of a pulse generator is fed to
a pair of amplifiers, each of which feeds a
transmitting and receiving transducer at-
tached to one end of the tubes. Blocking
diodes prevent the short circuiting of the
return pulses by the pulse amplifiers and,
together with terminating resistors, help
prevent oscillations in the reverberant envi-
ronments of the tubes. Counters measure
the intervals between reflected pulses.
Delay gates prevent the initial (transmitted)
pulses from activating the counters.

Figure 2 shows a typical return signal
from the perforated tube. The rumble be-
tween the two main reflection waveforms
is caused by reflections from the perfora-
tions. The round-trip transit time of sound
waves is determined from the interval be-
tween the first positive peaks in the two

NASA Tech Briefs, April 1990

main reflection waveforms. One can in-
crease the accuracy of the measurement
by averaging over many pulses. Overall,
the measurement of the intervals between
pulses in the sealed and perforated tubes
yields a value of water-vapor content that is
correct to within 0.5 percent in the temper-

ature range of interest.

This work was done by Parthasarathy
Shakkottai, Eug Y. Kwack, and Shakkottai
Venkateshan of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 91 on the TSP Request Card.
NPO-17685
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Computer Simulation of Cyclic Oxidation
A program predicts oxidation kinetics for various durations and numbers of cycles.

Lewis Research Center, Cleveland, Ohio

A computer model has been developed
to simulate the cyclic oxidation of metals.
High-temperature gas/metal reactions, par-
ticularly oxidation, have been studied for
many years. These studies have contrib-
uted to our basic understanding of oxida-
tion mechanisms. Virtually all of the past
studies have been performed in oxidizing
environments at constant temperatures to
follow reaction kinetics via changes in
weight as functions of exposure time. How-
ever, in most real applications, exposure to
high temperature is not isothermal but
rather involves repeated heating and cool-
ing.

For example, cyclic oxidation due to re-
peated start/stop operations is encount-
ered in the heating elements of electric
stoves, automobile-engine valves, and
components of jet engines. During cyclic
heating and cooling, the protective scale
that forms on a metal can be partially lost
by spalling caused by thermal stresses.
Even though cyclic conditions are more
representative of real applications, little at-
tention has been devoted to understanding
cyclic oxidation.

For the purposes of the simulation, it is
assumed that the fraction of scale that
spalls during cooling from a given heating
cycle is proportional to the amount of scale
present before cooling. Thus, the kinetics
of cyclic oxidation during a given cycle are
assumed to follow the usual parabolic law
at high temperature, altered by the amount
of protective scale lost during all previous
cycles. Fundamentally, this becomes a
problem of tracking the opposing effects of
the scale formed at the high temperature
and the scale lost during cooling.

Although this leads to rather compli-

. cated algebra, it can easily be handled by

numerical methods on a computer. Thus,
with relatively few input parameters, the
kinetics of cyclic oxidation can be simu-
lated for a wide variety of temperatures,
durations of cycles, and total numbers of
cycles. Such input parameters as the iden-
tity of oxide, parabolic scaling constant,
and spall proportionality constant are
either known or can be determined experi-
mentally. The program is written in BASICA
and can be run on any IBM-compatible mi-
crocomputer.

The original premise of the proportional-
ity between the fraction of scale spalled
and the amount of scale present has been
experimentally demonstrated for both
Cr,04formers and Al,O formers. The pre-
dictive abilities of the program have been
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Figure 1. The Simulation Shows the Gain or Loss of weight of a sample of metal during oxi-
dation and spalling in steady and cyclic heating.

verified for several alloys and coating ma-
terials.

The program can be used in a variety of
ways to aid the experimental research. In
minutes, the effects of the duration of the
cycle and/or the number of cycles on the
oxidation kinetics of a material can be
surveyed. The output of the program pro-
vides plots of the weight of the sample and
the amount of metal consumed in both iso-
thermal and cyclic conditions. Such plots
for Inconel* 601 alloy at 1,100 °C are
shown in Figure 1. By rerunning the pro-
gram several times, the effect of duration
of the cycle on the consumption of metal
(Figure 2) can be determined easily. The
program is also applicable to the cyclic ox-
idation of ceramics and intermetallics.
*Inconel is a registered trademark of the
INCO family of companies.

This work was done by H. B. Probst and
C. E. Lowell of Lewis Research Center.
More detailed coverage of the concepts is
contained in the October 1988 issue of the
Journal of Metals, p. 18. The program may
be obtained without charge by a written re-

quest to either author accompanied by a
formatted 5-1/2" floppy diskette. Please
state the density of the diskette, either high

(1.2 Mb) or normal (320 Kb).
LEW-14890
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Cycle on the loss of metal can be computed
by rerunning the program several times.
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Integrated Grating Spectrometer
An entire spectrometer would be fabricated on a silicon wafer.

NASA's Jet Propulsion Laboratory, Pasadena, California

The fabrication of a grating spectrometer
as a monolithic, layered, waveguide struc-
ture on a silicon wafer rather than with con-
ventional optical components could re-
duce volume and weight by a factor of over
a thousand. Because it would be a mono-
lithic structure, its alignment would be per-
manent. The proposed spectrometer
would occupy an area of about 2cm2on a
wafer 0.4 mm thick. In contrast, a typical
conventional spectrometer is 50to 100cm
long and difficult to keep in alignment.

The proposed spectrometer (see Fig-
ure 1) would operate in the visible spec-
trum (wavelengths of 400 to 700 nm) and
would be blazed to diffract in the first order.
The 2-um-thick SiO, lower cladding layer
(refractive index 1.46) would be grown ther-
mally on the silicon substrate. The 2-um-
thick Si;N, waveguide layer (refractive in-
dex 2.05) and the 2-um-thick SiO, upper
cladding layer would be grown by chemi-
cal-vapor deposition.

The input light beam would be injected
into the spectrometer by a multimode op-
tical fiber. The output at a particular wave-
length could be picked up with a second
fiber or by a linear array of detectors that
would provide a series of outputs over a
range of wavelengths. An array of such
spectrometers could be used to provide
spectral analysis of a line image (see
Figure 2).

The diffraction grating would be defined
by electron-beam lithography and etched
into the waveguide by reactive ion etching.
This technique would enable continuous
independent variation, along the grating, of
the pitch, curvature, and blaze angle. The
grating could thus be designed to have a
large numerical aperture, zero aberration
at two selected wavelengths, and very low
aberration at intermediate wavelengths.

The length of the device has been chosen
to be 20 mm, and the width mustbe 10 mm
to provide the desired numerical aperture.
The dispersion of the spectrometer has
been chosen to be 10 nm of wavelength
per 50 um of lateral distance, a distance
about the size of a single picture element in
a typical array of detectors. The grating
pitch (groove spacing) necessary to
achieve this dispersion is about 1.95 um —
well within the capacity of an electron-
beam lithography system that has a spot 8
nm wide.

This work was done by Robert J. Lang of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 140
on the TSP Request Card.

NPO-17733
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Net Photorefractive Gain in Gallium Arsenide

Prerequisite includes an applied electric field.
NASA's Jet Propulsion Laboratory, Pasadena, California

Experiments have shown that a net
photorefractive gain can occur in an un-
doped semi-insulating gallium arsenide
crystal under the condition of an applied dc

tion coefficient of the crystals was 1.3
cm—, the highest measured grain coeffi-
cient — 2.6 cm—1— corresponds to a
net gain coefficient of 1.3 cm—1. These re-

opments in realtime optical processing of
signals by use of near-infrared lasers of low
power.

This work was done by Tsuen-Hsi Liu
and Li~Jen Cheng of Caltech for NASA’s
Jet Propulsion Laboratory. For further in-
formation, Circle 47 on the TSP Request
Card.

electric field. Net photorefractive gains sults may offer the possibility of new devel-  NPO-17626
Orientation
Output
001] of Crystal [10] Beam o

Mirror 2 " Conti

Note: A = Wavelength.

Mirror

g

err%

A/2 Retarder

DeteV

Digitizing
Oscilloscope

Retarder Chopper
L—,NL‘ u Mirror
Beam Expander Polarizing
Beam
Splitter

Figure 1. An Electric Field Is Applied to a GaAs crystal in which two infrared beams interfere. Depending on the quality of the sample and the
experimental conditions, a net photorefractive gain can be obtained.

have been reported in other materials and
predicted in GaAs, but have not been ob-
served in GaAs until now, probably be-
cause of the difficulty of obtaining ade-
quate crystals of GaAs and depositing
proper electrical contacts on them.

The undoped GaAs crystals for the ex-
periment were grown by the liquid-encap-
sulated Czochralski process. In/Zn con-
tacts were deposited in vacuum. Each
crystal specimen was mounted in the two-
wave-mixing apparatus shown in Figure 1.

An infared beam from a neodymium:yt-
trium aluminum garnet laser was split into
two beams in a power ratio of about 60.
The beams were directed by mirrors to in-
tersect in the specimen, where they inter-
fered, producing an index-of-refraction
grating via the photorefractive effect.

The grain coefficient was measured
normally as a function of the grating spac-
ing and the applied electric field. The
typical experimental data and theoretical
curves in Figure 2 show that the theoretical
values of the grain coefficient have been
attained. Because the measured absorp-
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Improved Liquid-Electrode/Solid-Electrolyte Cell
An organic liquid in the cathode may extend the working life.
NASA's Jet Propulsion Laboratory, Pasadena, California

A rechargeable solid-electrolyte electro-
chemical cell includes a novel mixture of
organic and inorganic materials in a liquid
cathode. As a consequence, the liquid cath-
ode is more compatible with the ”-alumina
solid electrolyte than are materials in such
other types of liquid-electrode cells as sodi-
um/sulfur. Moreover, the new cell operates
ata temperature about 120to 170 °C lower

in the Na/S version) reduces the deteriora-
tion of the alumina even further.

In tests of the new cell, the alumina sep-
arator appeared uncorroded and undam-
aged after six charge/discharge cycles.
The open-circuit voltage proved to be a
good indicator of the charge remaining in
the battery. It decreased approximately
linearly from about 3.5 V to about 1.9 V

when the 45-mAh test cell was discharged
by 30 mAh.

This work was done by Ratnakumar V.
Bugga, Salvador DiStefano, Roger M.
Williams, and Clyde P. Bankston of Caltech
for NASA’s Jet Propulsion Laboratory.
For further information, Circle 51 on the
TSP Request Card.

NPO-17604

than that of sodium/sulfur cells. The new
cell offers an energy density comparable to
that of sodium/sulfur cells — about 150
Wh/kg — and thus is well suited to such
applications as military systems and elec-
tric vehicles.

The liquid anode is molten sodium. The
liquid cathode, tetracyanoethylene (TCNE),
is mixed with sodium aluminum tetrachlo-
ride (NaAICl,). A tube of " alumina sepa-
rates the liquid cathode from the liquid-sodi-
um anode (see figure). The TCNE/NaAICl,
mixture attacks the alumina far less ag-
gressively than does the molten sulfur
used as the cathode material in previous
cells of this general type. The lower oper-
ating temperature (230 °C vs. 350 to 400 °C
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X-Ray Fluorescence Surface-Contamination Detector

The x-ray spectrum of a contaminating element would reveal its presence.

Marshall Space Flight Center, Alabama

A proposed x-ray fluorescence spec-
trometer would be used to detect a thin
layer of Conoco HD-2 (or equivalent)
grease on D6-ac steel. Steels are frequent-
ly contaminated by greases, and during
some manufacturing processes it is impor-
tant to detect such contamination because
it can adversely affect adhesive bonding,
painting, and oiner surface treatments.

In x-ray fluorescence spectroscopy, one

illuminates the specimen with x rays or
low-energy y rays and uses a suitable de-
tector to monitor the spectrum of the re-
sulting x-ray fluorescence emitted by the
specimen. By a judicious choice of the
source of radiation, one can limit the analy-
sis to photon energies characteristic of a
selected range of atomic species. One can
also choose a detector and filters to reduce
further the spectral contributions of back-
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X-Ray Photons From the Fe5® Source would
cause calcium in the grease to emit lower
energy photons, some of which would strike
the detector.

ground radiation, including that from
elements that one does not wish to detect.
Then if the detected x-ray spectrum in-
cludes a portion characteristic of an ele-
ment that is part of the contaminant but not
of the underlying material, one can use the
intensity of that portion to infer the amount
of the contaminant.

In this case, the thickness of the grease
could be inferred by measuring the x-ray
fluorescence spectrum near the 4.09«eV
K, excitation edge of calcium. The fluores-
cence would be excited by 5.9-keV and
6.5-keV x rays that result from electron
capture in a radioactive Fe55 source. The
source would be a disk mounted concentri-
cally and flush with the face of a disk-
shaped lithium-drifted silicon x-ray detec-
tor (see figure).

The source-and-detector assembly
would be mounted on a remote manipulator
with other contamination-detecting equip-
ment and scanned across the surface of
the specimen. The output of the detector
would be fed through a coaxial cable to
standard pulse-height-analyzing equip-
ment and processed further by a small
computer to obtain the x-ray energy spec-
trum. A Monte Carlo numerical simulation
has shown that if a layer of grease 100 A
thick (about 10 mg/m?) were illuminated by
a 1-curie Fe5S source, it would produce a
counting rate of 1 photon per second at the
calcium peak. If the count could be pro-
longed for an hour, the precision of the
measured calcium peak would be 17 per-
cent.
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This work was done by Hudson B. Eldridge
of the University of Central Arkansas and
Ralph Carruth of Marshall Space Flight
Center. For further information, Circle 105
on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 14].Refer to
MFS-27222
| T YRS R R R SR E e e

Books and Reports

These reports, studies, handbooks are
available from NASA as Technical
Support Packages (TSP’s) when a Re-
quest Card number is cited; otherwise
they are available from the National
Technical Information Service.

Processing of Multispectral
Data for Identification of
Rocks

Linear discriminant analysis
and supervised classification
are evaluated.

A report discusses the processing of mul-
tispectral remote-sensing imagery to iden-
tify kinds of sedimentary rocks by their
spectral signatures in geological and geo-
graphical contexts. The raw image data
are the spectra of picture elements in im-
ages of seven sedimentary rock units ex-
posed on the margin of the Wind River
Basin in Wyoming. The data were acquired
by the Landsat Thematic Mapper (TM), the
Thermal Infrared Multispectral Scanner
(TIMS), and the NASA/JPL airborne syn-
thetic-aperture radar (SAR).

To construct and analyze the extended
spectral signature for each picture ele-
ment, it was first necessary to register the
three sets of data. This was accomplished
by use of a “rubber-sheet stretch” based
on tie points that appeared to be the same
in allimages and that were selected manu-
ally. All data were then resampled with pic-
ture elements of the same size as, and reg-
istered with, the TM picture elements. All
images were normalized by use of a Gaus-
sian contrast stretch because the data are
not calibrated, and it was thought that the
differences between the dynamic ranges
of the different sensors might bias the
analysis. In addition, a 5-by-5 median-value
filter was applied to the SAR data to sup-
press the effects of speckle.

The resulting extended spectral signa-
tures were analyzed by two techniques:
linear discriminant analysis (LDA) and
supervised classification. In LDA, areas of
known rock types are selected as training
areas, and means and standard deviations
for each training area in each image are
calculated. The LDA computer program
then determines which image is best for
discriminating among the training areas by
computing the discriminant function for
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It's not surprising that some
people still think Howmet pro-
vides Hot Isostatic Pressing
only to the aerospace industry.
Because that's where we built
our reputation for excellence.
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tronics industries and the
entire casting industry. With
our 6 HIP units, Howmet can
handle small prototype work or
large structural castings up to
57" in diameter. With tempera-
ture capabilities up to 4000° F
and pressure to 45,000 psi.
HIP subjects components to
a high inert gas pressure at
elevated temperatures suffi-
cient to close shrinkage
porosity and eliminate internal
voids. By HIP processing cast
components you can achieve

Howmet's HIP processing improves
the reliability of this titanium pump
housing and valve body

the same consistency expect-
ed of forgings. HIP is bill of
material on most titaniumand
many superalloy components
with performance improvements
noted in steel, bronze, cast iron,
ceramics and aluminum.

HIP has become a signifi-
cant factor in materials
engineering. It enhances per-
formance, improves fatigue
strength, and reduces scrap.
By incorporating HIP into the
casting process, a more relia-
ble and consistent component
can be manufactured.

At Howmet our engineers
work in partnership with you.
For example, we can design a
parametric evaluation to deter-
mine the benefits of HIP on
your particular application. We
welcome your challenges.

For more on Howmet's HIP
services, write our Sales Depart-
ment, Howmet Corporation, 475
Steamboat Road, Greenwich,
CT 06836-1960. Or contact the
manager of the Whitehall HIP
Department, 1600 South Warner
Road, Whitehall, Ml 49461,
telephone (616) 894-5686.

H HOWMET CORPORATION
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each area and attempting to separate
training areas into groups. Remaining im-
ages are then checked at the next step to
find the next-most-useful image for sep-
arating the training areas into groups, and
so on. In this way, images can be ranked in
order of their utility for separating the train-
ing areas, and it is possible to determine
which set of data contributes most to the
discrimination between specific rock units.

This procedure provides only classifica-
tion accuracies for the training areas
themselves and may not necessarily rep-
resent the ability to classify areas outside
the training areas. The results of LDA show
that the use of the TM, TIMS, and SAR data
(instead of one of these sets of data alone)
increases the ability to differentiate training
areas. However, it is also important to be
able to map the extent of the lithologic units
that were selected in the analysis. More-
over, in order to extend lithological informa-
tion to poorly understood areas it is impor-
tant to be able to use training areas from
well-characterized test sites to classify
other areas.

A supervised classification was per-
formed both in the training areas of the
original study area and at an adjacent site.
A parallelepiped algorithm was used to
determine a decision boundary of each
spectral band. To be assigned to a class, a
picture element had to fall within the
N-dimensional decision boundary for that
class. If the spectral signature of a picture
element fell outside the decision boundary
for all classes, the picture element was as-
signed to the unknown class. A picture ele-
ment, the spectral signature of which fell
within the decision boundary for more than
one class, was considered ambiguous,
This ambiguity was then resolved by use of
the Bayes maximum-likelihood algorithm.
Classification accuracies were deter-
mined by subtracting the supervised-class-
ification maps from a digitized version of a
photogeologic map obtained previously to
determine errors of omission and commis-
sion.

The results of supervised classification
show that while multisensor data provide
an overall improvement in the accuracy of
classification, some units may be better
classified by use of data from an individual
sensor. Thus, if an investigator is interested
only in a particular type of sedimentary
rock, a sensor can be optimized to search
for a distinguishing characteristic. How-
ever, the classification of a variety of types
of rock is more accurate when use is made
of multisensor data that are sensitive to
such different characteristics of rocks as
mineralogy and surface roughness.

This work was done by Diane L. Evans
of Caltech for NASA’s Jet Propulsion
Laboratory. To obtain a copy of the report,
“Supervised Classification of Sedimentary
Rocks Using Extended Spectral Signa-
tures,” Circle 81 on the TSP Request Card.
NPO-17581
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Processes

Advanced Reusable Foam Cryogenic

Insulation

Specimens have been demonstrated in the temperature range
of —420to +400 °F (—251to +204 °C).

55 Advanced Reusable Foam
Cryogenic Insulation

Books and Reports
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Materials

Hardware, Techniques, and

56 High-Temperature
Materials for Stirling
Engines

Langley Research Center, Hampton, Virginia

Lightweight, reusable cryogenic con-
tainers are needed to reduce the costs of
operation of advanced hypersonic air-
planes and space launch vehicles. Such
containers may also be useful on Earth in
laboratories, factories, and transportation
systems. One essential element of a reusa-
ble cryogenic tank is insulation that can
repeatedly endure exposure to relatively
high temperatures during entry into the at-
mosphere, and thus reduce the external
thermal-protection system (TPS) mass.
Studies have shown that an increase in the
reuse temperature of the insulation from
175 t0 400 °F (79 to 204 °C) can reduce the
mass of the TPS by 20 to 50 percent, ap-
proximately 0.3 to 1.0 Ib/sq ft (1.5 to 5
kg/m?), and reduce the thickness of the
TPS by about 50 percent, from3.0to 1.5in.
(76 t0 3.8 cm).

A prototype reusable cryogenic foam in-
sulation developed for this purpose has a
maximum service temperature of 400 °F
(204 °C). It consists of two discrete layers
of closed-cell polymethacrylimide foam of
density 6.9 Ib/ft3 (111 kg/m3) bonded to-
gether with an epoxy adhesive. The bond
line is additionally reinforced with a 0.003-
in. (0.08-mm)-thick layer of fiberglass cloth.
The resulting block of foam is wrapped with
a precut and preformed vapor-barrier
cover made of the non-permeable, high-
temperature material, Kapton (or equiva-

lent)/aluminum/Kapton (or equivalent)
(KAK). The covered insulation blocks are
externally bonded to the wall of the
cryogenic tank.

Several specimens, each 2 in. (5 cm)
thick and 10 in. (25 cm) square, bonded to
an aluminum panel, have been fabricated
to verify the manufacturing technigues. A
specimen was successfully tested during
100 thermomechanical cycles, which con-
sisted of cooling the surface of the metal to
— 323 °F (—197 °C) while heating the outer
surface of the foam insulation with air at
400 °F (204 °C) to simulate aerodynamic
heating. A tensile load of 15,000 Ib (67 kN)
was simultaneously applied in the alumi-
num panel to represent the internal pres-
sure in the tank. In a similar test of another
specimen, the insulation was exposed to
the air at 400 °F (204 °C), while the metal
surface of the tank was exposedto —420 °F
(=251 °C) for 20 cycles.

In both tests, the foam suffered no ap-
parent damage. Yet another specimen en-
dured over 250 thermal cycles in which the
cold surface was alternately cycled 9
times to — 320 °F (—196 °C) followed by 1
cycle to —420°F (—251°C). Specimens
made of materials of lower density [4.4 and
3.1 Ib/ft3 (70 and 50 kg/m3, respectively)]
have also been fabricated and tested. The
conductivity and permeability of the cryo-
genic foam insulations will be determined
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The Tanks of Advanced Hypersonic Air-
craft or space launch vehicies might in-
clude reusable foam insulation to insulate
the cryogenic propellants.

over the range of environmental conditions
anticipated during service in both external
and internal applications. The initial data on
conductivity were generated by use of a
guarded-hot-plate calorimeter. A boiloff
calorimeter is being rehabilitated to obtain
data on conductivity at temperatures near
that of liquid hydrogen.

This work was done by Allan H. Taylor of
Langley Research Center, P, S. McAuliffe
of Lockheed California Co., and L. L.
Sparks of the National Bureau of Stand-
ards. For further information, Circle 67 on
the TSP Request Card.

LAR-14014

Books and Reports

These reports, studies, handbooks are
available from NASA as Technical
Support Packages (TSP’s) when a Re-
quest Card number is cited; otherwise
they are available from the National
Technical Information Service.

Prototype V-Groove
Radiator Heat Shield

A space-saving unit has been
designed and tested.

NASA Tech Briefs, April 1990

A report describes design, fabrication,
and testing of a heat radiator equipped with
a multi-V-groove radiator heat shield. The
device is a compact, efficient structure in-
tended to remove heat from infrared de-
tectors, gamma-ray detectors, and similar
instruments aboard the Mars Observer
spacecraft and radiate that heat into outer
space. It is designed to maintain a detector
for a gamma-ray spectrometer at a tem-
perature of 80 K in a cold vacuum under a
heat load of 80 mW.

The prototype multiple V-groove shields
are made of aluminum, though the produc-
tion shields would be made of aluminized
sheets of polyethylene terephthalate. The
shields surround the cold-stage radiator
plate, protecting the stage from heat ra-
diated toward it from the sides.

A thermal-analysis mathematical model
was used to size the radiator, specify the
types and quality of the thermal coatings
and finishes, select the number of shields,
and determine the thermal parameters for
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the support system. The model was also
used to predict the temperatures of the as-
sembly in orbit about Mars. The assembly,
including a 17 kg mockup of the detector
assembly, was successfully vibration-
tested to the Mars Observer orbit specifi-
cations.

This work was done by S. Walter Petrick
and Steven Bard of Caltech for NASA’s
Jet Propuision Laboratory. 7o obtain a
copy of the report, “Design, Fabrication,
and Dynamic Testing of a V-Groove Radia-
tor Mechanical Development Unit,” Circle
90 on the TSP Request Card.

NPO-17744

High-Temperature Materials
for Stirling Engines

Heat-resistant piston rings
and linings could increase
engine efficiency.

A report discusses research on materi-
als for piston rings and cylinder coatings in
automotive Stirling engines. The materials
will make it possible to place piston rings at
the tops of pistons (“hot™ piston rings) in-
stead of at the cooler bottoms. Engine effi-
ciency will thereby be increased by several

ADVANCED
COMPOSITE
PRODUCTS
FOR AEROSPACE

Tiodize has developed a wide range of
composite products made from
carbon and glass chopped fibers, or
three dimensional weave, contain-

ing an epoxy or polyimide resin.
Tiodize:.can make more com-

ponent parts to your specifica-
tions. Let us meet your needs.
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percent.

Candidate materials were tested on a
pin-on-disk machine, which measures wear
and friction. The tests were performed in
hydrogen at temperatures up to 760 °C to
simulate the conditions in a typical au-
tomotive Stirling engine. The data from the
tests show that a cobalt-based alloy, Stellite
6B, is a good choice for the piston rings
and PS200, a plasma-sprayed metal-bond-
ed chromium carbide matrix with dispersed
solid lubricants, will function well as the
cylinder coating.

An automotive Stirling engine was then
modified by the incorporation of these ma-
terials into a “hot"-piston-ring structure. As
a result, the specific fuel consumption of
the engine was reduced by an average of 3
percent and by as much as 7 percent un-
der some operating conditions, in compari-
son with that of the unmodified engine.

It was found that certain properties of
materials indicate the likelihood that they
will function as solid lubricants in a given
temperature range. These properties are
plasticity, low yield strength in shear, low
hardness, and thermochemical stability in
the environment of interest.

Some combinations of two or more solid
lubricants can be incorporated into com-
posites to lubricate over a broader temper-
ature range than any single material can.
The PS200 cylinder coating is an example.
It includes silver and barium fluoride/calci-
um fluoride eutectic dispersed in the ma-
trix of metal-bonded chromium carbide.
Silver alone lubricates up to about 500 °C,
and the fluoride lubricates from 400 to
900 °C. The combination lubricates from
room temperature to 900 °C.

This work was done by Harold E. Silney
of Lewis Research Center. Further infor-
mation may be found in NASA TM-100276
[N88-15872], “Hot Piston Ring/Cylinder
Liner Materials — Selection and Evalua-
tion.”

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

This invention is owned by NASA (U.S.
Patent No. 4,728,448). Inquiries concern-
ing nonexclusive or exclusive license for
its commercial development should be
addressed to the Patent Counsel, Lewis
Research Center [see page 14]. Refer to
LEW-14836

F. Check the expire date. Ifitis less
 Smonihsnow i the ime ol
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CHOOSE INCO COATED PRODUCTS
FOR HIGH PURITY AND
PREDICTABLE PROPERTIES.

Nickel Coated Graphite Powders

INCO Specialty Powder Products’ development of the
use of carbonyl gas coating allows deposition of nickel
with very high purity and predictable properties and is
uniquely suited for a variety of coated products and
applications.

INCO SPP COATED PRODUCTS

Nickel combines a unique mixture of special physical,
conducting and magnetic properties. The ability to
deposit nickel on various substrates greatly extends the
potential for the use of these properties. Coatings are
being made, for example, on silica, graphite, alumina,
tungsten carbide, clays and ceramics. INCO SPP has
the capability to coat special substrates on a custom
basis for individual users.

APPLICATIONS

New uses for INCO SPP Coated Products include
conducting film technology, electronics packaging, EMI
shielding, electronic detection devices, controlled heat-
ing systems, hard metals and powder metallurgy parts.

RESEARCH

INCO SPP research activities for this line of products
include nickel carbonyl coated powders and other sub-
strates. Applications include advanced products for EMI
shielding, ESD, arc welding, powder metallurgy addi-
tives, and in battery technologies.

One highly interesting area of research is in the area
of electronic detection. Coated products are being com-
bined with paint for highway divider strips and as ink in
bar codes for vehicle identification. This could provide
an accurate measure of automobile speed on those
highways. Another futuristic consideration is “computer
trips for cars” using those strips and bar codes to pro-
gram automotive travel and identification.

INCO SPP

INCO Specialty Powder Products is your unique
resource for coated products. Our customer focused
worldwide marketing service group is ready to help you
with your current and future needs for coated products.

For more information write INCO Specialty Powder
Products, Dept. 2-90, Park 80 West-Plaza Two, Saddle
Brook, NJ 07662

INCO SPP

Park 80 West-Plaza Two, Saddle Brook, NJ 07662

Shin-Muromachi Building, 4-3 Nihonbashi-Muromachi 2-Chome,
Chuo-ku, Tokyo 103 Japan

1-3 Grosvenor Place, London SW1X7EA England

15/FI Wilson House, 19-27 Wyndham Street Central, Hong Kong
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COSMIC: Transferring NASA Software
COSMIC, NASA’'s Computer Software Manage-
ment and information Center, distributes software
developed with NASA funding to industry, other
government agencies and academia.

COSMIC'’s inventory is updated regularly; new
programs are reported in Tech Briefs. For addition-
al information on any of the programs described
here, circle the appropriate TSP number.

If you don’t find a program in this issue that
meets your needs, call COSMIC directly for a free

Computer Programs

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

Mathematics and
Information Sciences

More DSP Solutions

50 MFLOP Floating Point
Speed For The VMEbus

Now there's floating point DSP power for the VMEbus. Our new ZPB3210 series
boards offer 32-bit processing using the AT&T WE® DSP32C (80ns) processor. Two
versions are available: the ZPB3211 features a single DSP32C processor, while
the ZPB3212 has two. They provide 25 and 50 million floating point
operations/second, respectively. Buffered serial I/O ports facilitate connection
to our growing line of high-performance ADC and DAC products, or between
VME DSP processor boards. Each processor comes complete with 64K Bytes of
SRAM, and parallel interface to the VMEbus. The series is ideal for SONAR,
RADAR, Speech, and machine monitoring applications.

Features:

® Single or Dual AT&T WE DSP32C-80ns
Floating Point DSP Processors

® 64K Byte of SRAM for Each Processor

® Burr-Brown Standard Buffered High-Speed
Serial I/O Ports

® 25 or 50 MFLOP Processing Performance

e Standard 6U VMEbus Format

For complete information or
applications assistance, write
Burr-Brown Corp., P.O. Box 11400,
Tucson, AZ 85734. Or, call toll

WE®, AT&T Corp.

free 1-800-548-6132.

BURR-BROWN ®

Signal Processing Solutions

58 Circle Reader Action No. 313

Gomputer Programs

58 Making Mosaics of SAR Imagery
59 Extracting Geocoded Images From SAR Data
59 Virtual Frame Buffer Interface Program

review of programs in your area of interest. You
can also purchase the annual COSMIC Software
Catalog, containing descriptions and ordering in-
formation for available software.

COSMIC is part of NASA's Technology Utiliza-
tion Network

COSMIC® — John A. Gibson, Director,

(404) 542-3265

The University of Georgia, 382 East Broad Street,
Athens, Georgia 30602

Making Mosaics of
SAR Imagery

Minimal intervention by the
operator is required.

Spaceborne synthetic-aperture-radar
(SAR) images are useful for the mapping of
planets and investigations in the Earth
sciences. However, the widths of SAR
swaths rarely exceed 100 kilometers, and
images must be patched together to
create mosaics to enable the analysis of
larger areas. The primary function of the
MOSK computer program is to generate
large digital mosaics of SAR imagery
without manually marked tiepoints.

MOSK can produce a multiframe mosaic
by combining images along the ground
track, in adjacent cross-track swaths, or in
ascending and descending passes. Im-
ages registered with geocoded maps such
as the ones produced by MAPJTC (NPO-
17718), are required as input. The output is
a geocoded mosaic on a standard map
grid, which enables easy registration with
other geocoded sets of data.

Making a mosaic of geocoded SAR im-
agery involves three steps. First, a match
point is selected at the center of the over-
lapping area, then an image patch around
the match point is extracted from both im-
ages and cross-correlation is done on this
area. Then images with their refined match
points are merged together to form a mo-
saic. To handle the large volume of data
from overlapping intermediate stages,
large mosaics are divided into quadrants of
equal size, with each quadrant cut froman
intermediate mosaic. The full mosaic can
then be assembled from the individual qua-
drants. Finally, radiometric disparities at
the seams in the image are smoothed by a
“feathering” technique.

The automatic mosaic system gener-
ates output with minimal interaction with
operator. However, manual tiepointing is
required in cases of a large errors in
registration or of two images with smooth
surfaces such as ocean images.

NASA Tech Briefs, April 1990
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Measuring Changes in Dimensions of Turbine Blades

A mechanical fixture and electronic gauge probe the surface
before and after fabrication processes.

Marshall Space Flight Center, Alabama

An assembly of commercially available
devices measures changes in the dimen-
sions of an irregularly shaped part. The
assembly was developed specifically to
measure the thickness of material added
to or removed from the surface of a turbine
blade during fabrication processes.

The part to be measured is clamped ata
preset torque (by means of a torque
wrench) in a vise on a rotary table and
turned to face the mechanical probe of an
electronic depth gauge (see figure). The
probe is mounted on a three-axis transla-
tion stage, the translating micrometer of
each axis of which has a precision of
+0.0005 in. (£13 um). The translation
stage is adjusted until the probe touches
the surface of the part at the desired point.
The operator records the angle of the
rotary table, the settings of the translation-
stage micrometers, and the reading of the
electronic depth gauge. The operator repo-
sitions the probe to many different spots on
the surface of the part, recording the
readings at each spot.

The part is processed — with its clamp-
ing surfaces protected so that they are not
coated or milled, then returned to the vise
and clamped in place at the same preset

torque. The operator sets the rotary table
atits previous angles and returns the probe
to each previously selected point on the
surface of the part. Again, the operator
records the indications of the electronic
depth gauge. The difference between the
second and first readings at each point

Rotary
Table

Dial of
Rotary Table

Micrometers of
Translation Stage

reveals the change in thickness at each
spot.

This work was done by William H.
Woodford of Martin Marietta Corp. for
Marshall Space Flight Center. No fur-
ther documentation is available.
MFS-28338

Display Unit
of Electronic
Depth Gauge

Bolts Set to
Clamping Torque

A Turbine Blade Clamped on a Rotary Table is touched by the probe of an electronic depth
gauge. Positioned by the micrometers of a three-axis translation stage, the probe just

touches the blade.

Steel Foil Improves Performance of Blasting Caps
Performance is five times that of standard blasting caps.
Langley Research Center, Hampton, Virginia

Blasting caps, which commonly include
deep-drawn aluminum cups, can give sig-
nificantly higher initiation performance by
application of steel foils on the output
faces. Past research sponsored at the
NASA Langley Research Center on initia-
tion of explosives across hermetically
sealed interfaces was applied to common
blasting caps to determine whether per-
formance could be improved inexpensive-
ly. The explosive-transfer variables studied
in that research are summarized in the fig-
ure.

The most significant variable was found
to be the closure-fragment energy (E =
/2 mV2). The capability for initiation was
assessed by increasing the airgap be-
tween the donor and acceptor. At gaps ap-
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MOSK is implemented on a DEC VAX
11/785 computer running VMS 4.5. Most
subroutines are in FORTRAN, but three are
in MAXL and one is in APAL. The program
requires 1 Mb of memory and a Floating
Point Systems AP-5210 array processor.
The system memory usage is approxi-
mately 1,000 pages, and the requirement
of page file size is 2,000 blocks. MOSK was
developed in 1988.

This program was written by John C.
Curlander, Ronald Kwok, Shirley S. Pang,
and Amy A. Pang of Caltech for NASA’s
Jet Propulsion Laboratory. For further in-
formation, Circle 33 on the TSP Request
Card.

NPO-17586

Extracting Geocoded
Images From SAR Data

The SAR imagery is
automatically put onto a map
in the desired projection.

MAPJTC was designed to rectify and
transform the standard image output of a
digital synthetic-aperture-radar (SAR) cor-
relator into an image registered with a
geocoded map, without manual tiepointing
or other interaction with the operator. This
is accomplished by mathematically model-
ing the distortions and predicting the
displacements of the picture elements on
the basis of parameters of the radar and its
moving platform. The map projection im-
plemented in MAPJTC is the universal
transverse mercator. Because the resam-
pling operation is independent of the gen-
eration of transformation data, other carto-
graphic projections can be implemenied
with few modifications of the software.

MAPJTC makes a precise determina-
tion of the geodetic location of an arbitrary
picture element within the image frame
based on the simultaneous solution of a set
of Earth-model equations, SAR Doppler
equations, and SAR range equations that
identify the slant range from the sensor to
the target at a specific picture element in
the image. On the basis of a table of geo-
detic coordinates of the picture elements,
the image is then mapped onto the desired
cartographic projection by applying the ap-
propriate transformation equations.

Typically, mapping involves a two-di-
mensional resampling and is very compu-
tationally intensive. MAPJTC reduces the
procedure to two one-dimensional passes,
thereby saving computer time. Geocoding
transforms the rectified image into a grid
defined by a specific map projection. (The
image is rotated and rectified to match the
map projection.) Again, the two-dimension-
al resampling process can be separated
into two one-dimensional resampling proc-
esses. Optionally, MAPJTC can correct
terrain-induced distortions in SAR imagery
when a digital elevation map is available.

NASA Tech Briefs, April 1990

MAPJTC was developed on a DEC VAX
11/785 computer under VMS 4.5. The pro-
gram is written in FORTRAN (84 percent),
APAL (2 percent),and MAXL (14 percent). It
requires 6 Mb of memory and a Floating
Point Systems AP-5210 Array Processor
equipped with 1 Mb of memory. MAPJTC
can run interactively or as a batch job.
MAPJTC was developed in 1987.

This program was written by John C.
Curlander, Ronald Kwok, Shirley S. Pang
and Amy A. Pang of NASA’s Jet Propul-
sion Laboratory. for further information,
Circle 48 on the TSP Request Card.
NPO-17418

Virtual Frame Buffer
Interface Program

All frame buffers are
made to appear as a
generic frame buffer.

Large image-processing systems use
multiple frame buffers with differing ar-
chitectures and user interfaces supplied
by vendors. This variety of architectures
and interfaces creates problems in the
development, maintenance, and portability
of application computer programs. The Vir-
tual Frame Buffer Interface program makes
all frame buffers appear as a generic
frame buffer with a specified set of charac-
teristics, allowing programmers to write
codes that will run unmodified on all sup-
ported hardware.

The Virtual Frame Buffer Interface pro-
gram converts generic commands to ac-
tual device commands. The virtual frame
buffer consists of a definition of capabilities
and FORTRAN subroutines that are called
by application programs. The virtual-frame-
buffer routines may be treated as subrou-
tines, logical functions, or integer functions
by the application program. Some of the in-
cluded routines allocate and manage such
equipment as frame buffers, monitors,
video switches, trackballs, tablets, and
joysticks; give access to image-memory
planes; and generate alphanumeric fonts or
texts. The subroutines for the various “real”
frame buffers are in separate VAX/VMS
shared libraries, providing for modification,
correction or enhancement of the virtual in-
terface without affecting application pro-
grams.

The Virtual Frame Buffer Interface pro-
gram was developed in FORTRAN 77 for a
DEC VAX 11/780 or a DEC VAX 11/750 com-
puter under VMS 4.X. It supports ADAGE
IK3000, DEANZA IP8500, Low Resolution
RAMTEK 9460, and High Resolution
RAMTEK 9460 Frame Buffers. This pro-
gram was developed in 1985.

This program was written by Thomas L.
Wolfe of Caltech for NASA’s Jet Propul-
sion Laboratory. For further information,
Circle 50 on the TSP Request Card.
NPO-16713
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familiar and
powerful
commands.
We pio-
neered this
easy-to-use
device driver
technique
and we continue to
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proximately 0.25 in. (6.4 mm) or more, the
gaseous energy is dissipated and does not
contribute to initiation. Steel closures 0.005

Feeder System for Particle-Size Analyzer !‘

in. (0.13 mm) thick proved to be more effec-
tive than aluminum ones were. The density
of steel is about three times that of alumi-
num, and steel fragments are larger than
those produced by aluminum cups. Alumi-
num cups disintegrate in explosions into
very small particles.

Recently, experiments were conducted
on an aluminum-shelled blasting cap (2-
grain PETN output) to determine whether
performance could be improved. Steel foils
with a thickness of 0.005in. (0.13 mm)were
first bonded directly to the curved end of
the blasting cap and then, to maintain a flat
surface, across a port in an aluminum
block containing the blasting cap. Perfor-
mance was evaluated by measuring the
velocities of the fragments produced, by ob-
taining patterns of fragments in transparent
polymer witness blocks, and by determin-
ing the maximum gap at which the blasting
cap could initiate an explosion in a 0.156-in.
(3.96-mm)-diameter HNS explosive ac-
ceptor in a 0.005-in. (0.13-mm}-thick steel
cup. The greater the gap, the greater the
demonstrated initiation capability of the
donor.

Experimental results showed that the
unmodified blasting caps produced frag-
ments with velocities of 14,000 ft/s (4.3
km/s) and very small, scattered impres-
sions in the witness blocks. The blasting
cap initiated an explosion of the acceptor
explosive at a maximumgap of 0.25in. (6.4
mm). The blasting caps with the directly
bonded steel foil produced fragment veloc-
ities of 9,300 ft/s (2.8 km/s) with large
craters and unpredictable patterns to such
a degree that no attempts were made to in-
itiate explosions.

The blasting caps bonded into alumi-
num blocks with flat steel foils on the output
faces produced fragments with velocities
of 10,500 ft/s (3.2 km/s) with large, predict-
ably located craters. The maximum gap for
initiation of an explosion in an acceptor
was 1.25 in. (31.8 mm). Flat steel foil bond-
ed to the face of a blasting cap perpendicu-
lar to its axis improves the performance of
the cap by a factor of 5 over that of a stand-
ard blasting cap. This improved perform-
ance should be useful in military and
aerospace applications and in such spe-
cialized industries as mining and explora-
tion for oil. \

This work was done by Laurence J.
Bement of Langley Research Center,
Ronnie Perry of PRC Kentron, and Morry L.
Schimmel of Schimmel Co. No further doc-
umentation is available.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Langley Research Center [see
page 14]. Refer to LAR-13832
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Powder is metered evenly into flowing gas.
Marshall Space Flight Center, Alabama

Afeeder system meters a precise stream
of powder into a precise flow of gas. The
system is used to feed a light-scattering
particle-size analyzer that determines the
distribution of sizes of particles in the pow-
der. With the feeder system, dry analysis of
a powder takes about one-third the time of
conventional wet analysis and consumes
less powder (~1 g compared to ~100 g).
Furthermore, the feed rate is more pre-
cisely controllable, leading to more preci-

sion in the analysis. Yet another advantage
is that, in dry analysis, there is no need to
dispose of hazardous liquid waste.

The dry-analysis light-scattering tech-
nique has not been used extensively in the
past because of difficulty in maintaining a
constant, adjustable flow of powder in a
given flow of gas and because the agglom-
eration of particles in a powder can distort
the measurements. The new feeder sys-
temn vibrates the powder to prevent agglo-

Miller Thermal's High Velocity, Oxygen Fuel (HVOF)
TopGun offers an important new thermal spray proc-
ess. The TopGun combines improved powder parti-
cle heating and melting characteristics with a super-
sonic spray velocity to produce high quality
coatings with excellent density, hardness, and bond
strength. The HVOF process is especially suited for
spraying hard materials for wear resistant coatings.

The patented combustion design of Miller Ther-
. mal's HVOF TopGun provides distinct advantages:

* Versatile gas mixing chamber allows the use of
various fuel gases including propylene, hydrogen,
acetylene, propane, and MAPP, without changing
gun parts. Fuel gas selection allows an opportu-
nity to optimize coating economics when consid-
ering both fuel cost and coating
quality.

* Oxygen and fuel gas are mixed
in the flame nozzle before burn-
ing. The nozzle design assures
good gas mixing and efficient
combustion. Powder is injected
into a stream of carrier gas

@ Miller Thermal,Inc.

A Miller Group Ltd. Company

555 Communication Dr.,, PO. Box 1081
Appleton, WI 54912 USA

Tel. 414-731-6884 « FAX 414-734-2160

Introducing the HVOF system you couldn’t buy
L'_»efore!

along the central axis of the ring of flame jets.
Powder injection assures efficient heating and
melting of the material and good acceleration of
the particles into a tight, uniform spray pattern.

* The use of acetylene as a fuel gas provides maxi-
mum flame temperature, offering an important
advantage for spraying materials with high melt-
ing points such as ceramics and molybdenum.

The TopGun process is remarkably versatile and
offers premium coatings for wear resistance, corro-
sion protection, thermal and electrical insulation.
Reproducible, high quality coatings at production
spray rates and economical fuel consumption make
Miller Thermal’s TopGun the best choice in HVOF
technology.

Please contact us for additional
information on our HVOF TopGun
system, and for information on
the PLASMALLOY TopGun spray
powders available.
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meration and feeds dry powder into a pre-
set volumetric flow of gas.

The sample of powder is placed in a
hopper (see figure). At the bottom of the
hopper is a screen covered with plastic
beads, which together act as a metering
device that limits the flow of powder. A
vibrator extends downward from the top of
the hopper to a point above the screen,;
driven by a motor, it produces a vertical
resonant vibration at the center of the sam-
ple. Thus, the sample is prevented from
compacting and made to flow at a limited,
even rate through the screen. A funnel
under the screen directs the falling powder
to a low-pressure venturi tube, which in-
troduces gas to aerate and dilute the
powder.

This work was done by Keith E. Ramsey
of Morton Thiokol, Inc., for Marshall
Space Flight Center. For further informa-
tion, Circle 111 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 14].Refer to
MFS-28326

The Feeder System prevents the forma-
tion of clumps of powder and meters the
powder into a flow of gas.

Books and Reports

These reports, studies, handbooks are
available from NASA as Technical
Support Packages (TSP’s) when a Re-
quest Card number is cited; otherwise
they are available from the National
Technical Information Service.

Transport of Passive
Scalars in a Turbulent
Channel Flow

Computer simulation shows
flow structures and
statistical properties.

A computer simulation of the transport
of passive scalars in a turbulent channel
flow is described in a report. As used here,
“passive scalars” means scalar quantities
like fluctuations in temperature or concen-
trations of contaminants that do not disturb
the flow appreciably. The transport of heat
and contaminants in turbulent flows is im-
portant in engineering. Examples include
the transport of heat in heat exchangers,
gas turbines, and nuclear reactors and the
dispersal of pollution in the atmosphere.

In general, a turbulent flow field causes
fluctuations in a scalar field through tur-
bulent convection, whereas the fluctuating
scalar field influences the velocity field
through mean gradients and changes in

Numerical Algorithms Group

NAG Fortran Library products enable you to spend your time and talents on genuine
problem solving, not software development. 200 experts, recognized worldwide as the
leaders in their fields, create the solutions in the NAG Library. The accuracy, perfor-
mance, and total capabilities of NAG software are unmatched in the industry. Take
advantage of NAG’s expertise in any of these fine products:

NAG FORTRAN LIBRARY

More than 700 user-level routines covering the
principal areas of mathematics and statistics.
Available on over 90 different computers from
PC’s to supercomputers.

NAG GRAPHICAL SUPPLEMENT

A convenient and versatile means for display-
ing numerical results generated by the Library.
A facility not available with other libraries.

A
e

NUMERICAL ALGORITHMS GROUP
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NAG ONLINE SUPPLEMENT

An interactive query system enabling the user
to make maximum use of the NAG Library.
The Online system provides hints on choice of
routines, syntax assistance, and other forms of
help.

NAG VECPAR 77

An interactive CASE tool for vectorizing and
parallelizing Fortran programs. Attain perfor-
mance improvements beyond what optimizing
compilers may provide. Ideal for "rejuvenating”
older applications.

NAG Ada Library

The first commercially available math library
designed and written completely in Ada. Shor-
tens the development cycle for embedded math
operations in Ada programs.

GENSTAT and GLIM

Interactive statistical analysis systems used for
data exploration, linear modelling, time series
analysis...useful applications in statistical qual-
ity control and product survival analysis.

THE NAG PRODUCT LINE OFFERS
NUMERICAL AND GRAPHICAL ALGORITHMS
FOR MANY SCIENTIFIC AND ENGINEERING
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* SIGNAL PROCESSING
* OPERATIONS RESEARCH

« APPLICATIONS DEVELOPMENT
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Circle Reader Action No. 377

* COMPUTATIONAL CHEMISTRY
* ECONOMETRIC MODELS
* STATISTICAL ANALYSIS

FAX: (708) 971-2706

NASA Tech Briefs, April 1990



density. However, for small differences in
temperature or small concentrations of
contaminants, the turbulent velocity field
drives the scalar field, and the influence of
the latter on the former is rather weak and
can be neglected. In such a case, a pas-
sive scalar field can be determined inde-
pendently by solving the conservation
equation of the passive scalar for a given
turbulent velocity field.

In this study, the three-dimensional
Navier-Stokes equations of flow and the
equations for the passive scalar fields were
solved simultaneously by a finite-differ-
ence method on a grid of 128 points along
the channel (x direction) and 129 x 128
points across the channel (y and z direc-
tions, respectively). The Reynolds numbers
were 3,300, based on the mean velocity at
the centerline and the half width of the
channel, and 180, based on the wall shear
velocity and the half width of the channel.

A spectral method — Fourier series in
the x and y directions and Chebyshev
polynomial expansion in the z direction —
was used for spatial derivatives. The ad-
vancement in time was made by a semi-
implicit method: the Crank-Nicolson
scheme for viscous terms and the Adams-
Bashforth method for the nonlinear terms.
No subgrid-scale model was used inas-
much as the grid was fine enough to re-
solve all the essential turbulent scales.
Once the velocity field was advanced for
each time step, the corresponding scalar
fields were obtained by integrating the
equations of transport of the scalars, which
include convective, diffusive, and source
terms. The computations were carried out
until the passive scalar fields reached
statistically steady states. The initial veloci-
ty field was taken from a previous calcula-
tion in which the velocity field already had
reached a statistically steady state.

The numerical simulation was carried
out with three passive scalars at different
molecular Prandtl numbers. Computed
statistics including the turbulent Prandtl
numbers were compared with experimen-
tal data. The computed fields were also ex-
amined to investigate the spatial structures
of the scalar fields. The scalar fields were
found to be highly correlated with the
streamwise velocity: the coefficient of cor-
relation between the temperature and the
streamwise velocity was as high as 0.95in
the wall region. The joint probability distri-
butions between the temperature and ve-
locity fluctuations were also examined and
were of a form that suggests that it might
be possible mathematically to model the
scalar fluxes in the wall region in a manner
similar to that of the Reynolds stresses.

This work was done by John Kim and
Parviz Moin of Ames Research Center.
To obtain a copy of the report, “Transport
of Passive Scalars in a Turbulent Channel
Flow," Circle 151 on the TSP Request Card.
ARC-12109
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SHUT OFF

Compact valves for reliable flow regulation
and shut off

= stem threads removed from system fluid
= compact designs
m ball tip or regulating stems

NUPRO
Valves and
Filters for
Analytical
Applications

NUPRO Valves and Filters offer these design
and performance choices:

= End Connections: SWAGELOK® Tube Fittings,
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STOCKED FOR IMMEDIATE DELIVERY
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laboratory and instrument systems

m accurate, repeatable flow
adjustment with no initial surge
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FILTRATION
Inline and tee type filters to protect
instruments by removing hard particle
contamination from fluid lines
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Relief valves open at pre-set pressure:
check valves allow

unidirectional flow control e
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= smooth floating poppet
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Electromagnetic Meissner-Effect Launcher
Projectile coils and brush contacts would not be needed.
Marshall Space Flight Center, Alabama
A proposed electromagnetic Meissner- conductor. Because of the Meissner effect,
effect launching apparatus would differ the magnetic field would be compressed
from previous electromagnetic launchers between the superconductive surface and Y/ G

in that there would be no need for an elec-
tromagnet coil on the projectile. As a
result, there would be no need for brush
contacts and high-voltage commutation
equipment to supply current directly to the
projectile coil, or for pulse circuitry to in-
duce current in the projectile coil if brush
contacts are not used.

In the electromagnetic Meissner-effect
launcher, the projectile would be acceler-
ated along the axis of a segmented solen-
oidal electromagnet (see figure). The pro-
jectile would consist of a forward section
containing the payload, a middle (separa-
tion) section consisting of a bulkhead and
insulation, and an aft (propulsion) section.
The outside surface of the aft section
would be covered by one of the newly
discovered materials that becomes super-
conductive at and below the temperature
of liquid nitrogen.

The segments of the electromagnet be-
hind and surrounding the aft section would
be activated in sequence as the projectile
passes by. For this purpose, laser beams
would be aimed at photodetectors across
the gaps between the segments. The pho-
todetectors would sense the axial position
of the projectile via interruptions of laser
beams, and the outputs of the photodetec-
tors would thus serve as control signals for
the segments.

The Meissner effect is the expulsion of a
magnetic field from the interior of a super-

the interior surface of the electromagnet.
The resulting gradient of magnetic pres-
sure on the cylindrical portion of the super-
conducting surface would provide a lateral
magnetic restoring force that would help
keep the projectile on axis, while the gra-
dient of magnetic pressure on the conical
portion would provide both the axial pro-
pulsive force and some additional center-
ing force.

A supply of pressurized liquid nitrogen in
the propulsion section would keep the su-
perconductor cool immediately before and
during launch. The liquid nitrogen would be
forced out through a tube at the top of the
tank, then down along a spiral channel in
contact with the superconductor, and out
through a hole at the rear end of the projec-
tile. The width of the channel would in-
crease gradually toward the rear end to
allow for expansion of the nitrogen. A vaive
could be placed at the end to control the
release of nitrogen before and during
launch.

This work was done by Glen A. Robertson
of Marshall Space Flight Center. For fur-
ther information, Circle 68 on the TSP Re-
quest Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 14].Refer to
MFS-28323
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The Meissner Effect would compress the
magnetic field surrounding the rear sur-
face of the projectile, creating a gradient
of magnetic pressure that would push the
projectile forward.

Array of Rockets for Multicrewmember Evacuation
Crewmembers can hook up to tractor rockets and fire them unaided.
Lyndon B. Johnson Space Center, Houston, Texas

An emergency egress system undergo-
ing development for aircraft and aero-
space vehicles uses a fixed array of tractor
rockets to eject crewmembers. It serves
the same function as the ejection system
described in the preceding article. That
system, however, relies on a rocket maga-

64

zine in which rockets drop in sequence into
a tube for firing, one per crewmember. In
the fixed-array system, in contrast, 8 to 10
rockets occupy fixed positions in individual
firing tubes around the egress hatch (see
figure).

The array of rockets is positioned as a

unit in a ready-to-use orientation during
flight operations. On the ground, it is swung
out of the way. The rocket array can also be
mounted under the exit hatch, where it
serves as the egress ramp. Crewmembers
would kneel on the array to go through the
egress steps.

NASA Tech Briefs, April 1990



To use the system, a crewmember dons
a parachute, lies on the egress ramp, pulls
a tear-away tab to open a rocket package,
hooks a lanyard from the rocket to the par-
achute pack, and depresses a safety lever
to activate a trigger mechanism. The crew-
member pulls the lanyard to fire the trigger.
The two-step firing — first activating the
trigger, then firing it — prevents the crew-
member from operating the rocket prema-
turely.

As soon as the fired rocket has pulled
the crewmember horizontally through the
hatch, the next crewmember reclines on
the ramp and performs the emergency exit
procedure. The procedure is repeated until
all the crewmembers have been evacu-
ated.

The fixed array does not require a jump-
master because the lanyard is easy to at-
tach, and there is no danger of a magazine
mechanism jamming and needing atten-
tion. Moreover, the fixed array is more reli-
able than the magazine system because
the failure of one rocket or its mechanism
does not prevent the use of the remaining
rockets.

This work was done by Margaret A.
Allen of Rockwell International Corp. for

Johnson Space Center. For further infor- A Qmwmember Prepares for ejection under an array of rockets. Another crewmember, left,
mation, Circle 106 on the TSP Request waits to use the emergency egress system.
Card. concerning nonexclusive or exclusive Counsel, Johnson Space Center [see page

This invention is owned by NASA, and a license for its commercial development 14] Refer to MSC-21332
patent application has been filed. Inquiries should be addressed to the Patent
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A rocket ejection system } -
enables an orderly evacuation. L@

POLYCARBONATE RESIN

Lyndon B. Johnson Space ’ Saving &
Center, Houston, Texas ANl L L s s pace
in advanced, injection-molded enclosures for Intelligent

An emergency escape system for air- x\ulomali.un A'?'(:ri('s.pru(‘(‘ss control consoles from Foxboro.
craft and aerospace vehicles can eject up .Spenhcld ms‘lv.ud of nlf‘lal for impact strength and
to seven crewmembers, one by one, within ‘ corrosion resistance in hursh.indflsln'ul and field
120s. The system is intended for emergen- ', cn\‘lr'nnnwnls. Parts consolidation for compact

< ! ; o o design. Marketable advantages, all-out design
cies !n which a disabled craft is still in sta- and engineering support—only from GE.
ble flight at no more than 220 kn (113 m/s) [ ! For more information, call:
equivalent airspeed and sinking no faster | _ & = i - (800) 845-0600
than 110 ft/s (33.5 mis) at altitudes up to :
50,000 ft (15.2 km). The system provides
an orderly, controlled exit and avoids ditch-
ing at sea or landing in rough terrain.

The crewmembers don parachutes and
water survival gear before ejection. Super-
vised by a crewmember who has been
trained as jumpmaster, the members in
turn lie on an egress ramp and attach a
pendant on the parachute harness to a
small tractor rocket (see figure). When the
jumpmaster pulls the ejection handle, a
pair of gas cylinders ejects the attached

rocket out the egress hatch. About 9ft | . : ' GE Plastics
Circle Reader Action No. 615 iy : ‘




(2.7 m) from the launcher, just outside the
hatch, the rocket fires and pulls the crew-
member out the hatch. The crewmember's
initial trajectory is horizontal and 5° to 10°
forward of the sideways axis. This trajec-
tory ensures that the crewmember clears
the wings and tail.

As soon as a crewmember has been
ejected, a new rocket rolls downward into
the firing tube from a magazine. The ejec-
tion procedure is repeated until all crew-
members have left the craft.

The system differs from the system de-
scribed in the next article in that rockets
are fed from a magazine. Gravity and
spring pressure force a stack of rockets
downward so that the launcher reloads
automatically.

This work was done by Kenneth E.
Wood of Rockwell International Corp. for T
Johnson Space Center. For further infor-

Tractor Rocket

Crewmember Pendant
Prepared for

Ejection

mation, Circle 153 on the TSP Request Ejection Rockets Load Themselves from a magazine after each crewmember is ejected.

Card. The jumpmaster queues the other crewmembers and helps them position themselves
MSC-21310 on the egress ramp. The rockets pull crewmembers clear of the aircraft structure.
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| Wrapped Wire Detects Rupture of Pressure Vessel

Breakage or burning of wire triggers a shutdown.

Lyndon B. Johnson Space Center, Houston, Texas
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GE Plastics

A simple and inexpensive technique
helps to protect against damage caused
by continuing operation of equipment after
the rupture or burnout of a pressure vessel.
Wire is wrapped over an area on the out-
side of the vessel where a breakthrough is

Vessel or

Chamber \ /\, /Wire

[2293]
{F33]
)
|
\
HHH
(33
E\“
Iltal’

\lnsuiatlng

Spacers

Loops of Wire encircle the outside of a
pressure vessel or combustion chamber. If
bursting or burnthrough occurs, the wire
also is broken or burned, breaking the elec-
trical connection and thus turning off the
equipment.
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most likely (see figure). If the wall breaks or
burns, so does the wire. Current passing
through the wire then ceases, triggering a
cutoff mechanism that stops flow in the
vessel to prevent further damage.

The method, developed for Space Shut-
tle rocket engines, can be applied in other
situations in which pipes or vessels can falil
due tooverpressure, overheating, or corro-
sion. In the rocket-engine application, lead
wires for the propellant solenoid valves are
wound around the outside of the combus-
tion chamber. The wire is threaded through
rigid insulating spacers, forming 14 loops

with centers 0.115 in. (0.29 cm) apart in a
band about 1.6 in. (4.1 cm) wide.

The band covers the region where ex-
haust gas as hot as 5,000 °F (2,800 °C)
might burn through the wall during un-
stable combustion. The wires would then
be burned too, cutting off power to the
solenoids that control the fuel and oxidant
valves, thereby shutting down the engine.
The engine and surrounding equipment
are thus protected from further damage.

This method was selected over other
protection concepts because it is simple,
provides positive shutdown, and functions

independently of other instrumentation
and equipment. The use of accelerome-
ters or temperature sensors, for example,
to detect instability of combustion was
found to be overly complex and unreliable
because the sensors themselves are sub-
ject to failure.

This work was done by James B. Hunt of
Rockwell International Corp. for Johnson
Space Center. For further information,
Circle 112 on the TSP Request Card.
MSC-21449

Improved Stress Analysis of Multicomponent Rotors
Suitable formulation of a finite-element model speeds computation.
Lewis Research Center, Cleveland, Ohio

An improved method has been devel-
oped for the analysis of stress and of the
compatibility of components in a multicom-
ponent rotating assembly. In this method, a
single finite-element mathematical model
represents all of the components. This is
made possible by the use of gap elements
to represent contact surfaces between
components.

The general problem is illustrated in
simplified form in Figure 1, which shows a
two-component rotor. In a typical multi-
component rotor, the concentricity of the
components is maintained via tight fits of
mating or pilot ‘surfaces, and parts are
often bolted together axially. The analysis
must take account of contact and internal
stresses as functions of temperature and
speed of rotation, radial and axial expan-
sions and contractions that loosen the
parts, and transient complications of the
foregoing and other effects.

The new method has been tested by ap-
plication to a compressor rotor. A two-di-
mensional finite-element model of the entire

of the components and simulates the ef-
fects of all contacting surfaces. The initial
analysis, which uses the MARC finite-ele-
ment computer program, was done in two
parts. The first part was a heat-transfer
analysis that determined the steady-state
temperature distribution. The resulting tem-
peratures of the elements were later incor-
porated into the stress/compatibility analy-
sis.

A gap element can be defined with either
a closure distance (that is, a gap) or an in-
terference fit. When an interference fit is

chosen, the MARC program simulates the
pressure on the surfaces by forcing the
two end nodes of the gap element (there is
one node on each surface) to be displaced
from each other an amount equal to the in-
terference fit. As a result, interference fits
on the model cause a stress distribution
before any of the operating loading condi-
tions are applied. In this analysis, only inter-
ference fits are used for the gap elements.

The stress/compatibility analysis of this
system requires a nonlinear solution.
Therefore, the equations must be solved

Saving Labor

A o) 7‘\
POLYCARBONATE RESIN E

compressor (see Figure 2) incorporates all in structural cell brackets for innovative
Intelligent Automation Series control modules
from Foxboro.
INTERNAL EXTERNAL Outstanding strength and ductility for
PiLOT piLOT snap-fit assembly and significantly reduced
manufacturing costs. Application-tailored
material performance backed by creative
technical support—only from GE.
For more information, call:
(800) 845-0600
- S
Pilot
Contact
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Figure 1. Two Components of a simple
rotating assembly are joined at an exter-
nallinternal pilot interface. A tight pilot in-
terface (an interference fit) must be
assured under all operating conditions to
maintain concentricity.
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incrementally by the MARC finite-element
program. The governing equations are ex-
pressed in an incremental form as
Kadu = df

where du and df are incremental displace-
ment and force vectors, respectively, and
K is the stiffness matrix. In the initial
analysis, the model was loaded with nine
successive equal increments. After the
ninth increment of load was applied, the
total load on the model was equivalent to
the actual loads at the specified operating
speed.

If a gap develops during one of the in-
crements of load, the stiffness matrix
changes and must be recalculated. The
MARC program uses the full Newton-
Raphson method to determine the new
stiffness matrix. Within each increment of
load, the program performs iterations, re-
calculating and refactorizing the stiffness
matrix until the ratio of the maximum
residual force to maximum reaction force
is less than a given tolerance.

The previous method for the analysis of
stress and compatibility, called the “flexi-
bility-analysis” method, required signifi-
cantly more computation. Consequently, to
save time, analyses were often performed
only at maximum operating speeds, and
important information on trends in contact
forces and displacements of pilot surfaces
at lower speeds were not available. The
new method makes it easier to identify
these trends and to determine the effects
of changes in design.

COMPRESSOR ROTOR

FINITE-ELEMENT MODEL OF ROTOR

Figure 2. The Rotor of a Compressor is represented by a two-dimensional mathematical
model that contains 371 eight-node quadrilateral axisymmetric elements.

This work was done by Gerald A. Carek
of Lewis Research Center. Further infor-
mation may be found in NASA TM-100884

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia

[N88-25935], “Improved Method for Stress
and Compatibility Analysis of Multicompo-
nent Rotating Systems.”

22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra fee
by calling (800) 336-4700. LEW-14838

Two-Phase Accumulator
Liquid and vapor are used to regulate temperature and pressure.
Lyndon B. Johnson Space Center, Houston, Texas

A two-phase accumulator maintains the
pressure and temperature in athermal-bus
system within a predetermined range dur-
ing variations in the heat load on the
system. The thermal-bus system can be
used to dispose of waste heat, such as that
from electronic equipment or a power-
plant.
If the heat load decreases, the accumu-
lator increases the level of liquid in a heat-
rejection condenser, reducing the contact
area for vapor and thereby also reducing
the thermal conductance of the condenser
and the amount of heat it transfers from the
system. Conversely, if the heat load in-
creases, the accumulator withdraws liquid
from the condenser, increasing its contact
area for vapor, its conductance, and its
heat-transfer rate. The accumulator thus
stabilizes the temperature and pressure
within the system.

In a demonstration system in which am-
monia is the working fluid (see figure), any
set-point temperature between 31 and
104 °F (—0.6and + 40 °C) can be entered
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The Accumulator Stores Liquid and Vapor Ammonia. It exchanges liquid ammonia with the
condenser to adjust the level of liquid in the condenser. The prototype accumulator has a ca-
pacity of 13 gallons (49 liters).
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into a programmable-logic controller. By
monitoring the pressure at the vapor inlet
to the condenser and sending either sub-
cooled ammonia liquid or vapor to the ac-
cumulator, depending on whether the
pressure is high or low, the controller gets
the accumulator to withdraw liquid from, or
add liquid to, the condenser. It thus keeps
the temperature of the vapor within
+4.5 °F (£ 2.5°C)of the set-point temper-
ature.

When the temperature rises above the
deadband allowance, as indicated by a
corresponding rise in the monitored pres-
sure, the controller opens a solenoid valve
(valve 1 in the figure) to spray subcooled
liquid from the condenser into the vapor in
the accumulator. Because the liquid drops
are cooler than the vapor, the vapor con-
denses on them, creating a partial vacuum
that draws liquid into the accumulator from
the condenser. Although some liquid also
flows out of the accumulator to make room
for the inflowing liquid, the condensation
results in a net inflow.

When the monitored pressure drops be-
low the allowable deadband, the controller
opens valve 2, admitting liquid to a vapor-
izer block. The block heats the liquid, va-
porizing it as it flows into the accumulator.

Vapor pressure builds up in the accumula-
tor, forcing liquid out of it and into the con-
denser.

The two-phase accumulator offers im-
portant advantages over other proposed
systems. For example, an accumulator in
which a metal bellows ejects or draws in
the ammonia on demand may be subject
to leakage of its nitrogen pressurizing gas
and to failure of the bellows. An electrome-
chanical accumulator, in which an electric
motor actuates a piston to drive the liquid,
is likely to be mechanically complex and
potentially unreliable.

The two-phase accumulator is simple
and highly reliable. The only moving parts
are the two solenoid valves, which could
be combined into a single three-way sole-
noid valve. The two-phase accumulator re-
sponds quickly, restoring pressure and
temperature to the proper values within
minutes. It is low in cost and requires little
further development.

This work was done by Charles E. Kalb,
Robert L. Kosson, Joseph P. Alario,
Richard F. Brown, and Fred Edlestein of
Grumman Corp. for Johnson Space Cen-
ter. For further information, Circle 146 on
the TSP Request Card.

MSC-21464

Books and Reports

These reports, studies, handbooks are
available from NASA as Technical
Support Packages (TSP’s) when a Re-
quest Card number is cited; otherwise
they are available from the National
Technical Information Service.

Hard Contact
With a Force-
Reflecting Teleoperator

Force feedback should
be adjusted to provide
stability without sluggish
and fatiguing operation.

A paper reports on experiments with a
single-axis force-reflecting teleoperator
that made contact with a hard, immovable
object. The experiments showed, among
other things, that the dynamics of the hu-
man operator affect the stability of the re-
sponse of the control system.

In the experiments, a human operator
used a hand controller to move a model
robot arm in a space containing a rigidly
mounted obstacle. The following parame-
ters of the teleoperator system were ad-
justable: robot position gain, robot rate
gain, forward position ratio, coordinating
position gain, forward delay, backward
delay, hand-controller position gain, hand-
controller rate gain, force gain, and force-
filter time constant. Operation was also
simulated on a computer with the SPICE
electronic-circuit-simulation program. In
the simulations, the parameters of the
human operator and the coordinating and

damping torques were varied. The simula-

tions compared one-finger operation with

full-hand operation.

The experiments showed that one of the
effects of a stronger grip on the hand con-
troller is to stabilize the system during a
hard-contact task, much as local damping
feedback of the hand controller does. An
added effect of the damping, however, is
to change the subjective feel of the system
from “responsive” and “tight” to “sluggish”
and “fatiguing.”

The results of the experiments suggest
a new control architecture in which the
mechanical impedance of the human oper-
ator is continuously estimated and only the
minimum necessary amount of damping is
supplied by the system. This scheme could
be implemented in any of three ways:
*The operator adjusts damping for opti-

mum performance with stable operation.

* A contact sensor (such as a capacitance
or infrared sensor) is used to determine
whether the strength of the grasp is suffi-
cient, in which case the control system re-
duces damping to a preset level.

*The control system continuously esti-
mates the impedance of the human oper-
ator from force, torque, and displacement
readings and continuously adjusts the
damping accordingly.

This work was done by Blake Hannaford
of Caltech and Robert Anderson of the Uni-
versity of lllinois for NASA’s Jet Propul-
sion Laboratory. To obtain a copy of the
report, “"Experimental and Simulation
Studies of Hard Contact in Force Reflect-
ing Teleoperation,” Circle 60 on the TSP
Request Card. NPO-17549

NASA Tech Briefs, April 1990



Vibrations Caused by
Cracked Turbopump
Bearing Race
Expansion gives rise
to eccentricity.

Abrief report presents an analysis of the
dynamic effects caused by the cracking of
the inner race of a ball bearing in a turbo-
pump. The crack had manifested itself via
an increase in vibrations synchronous with
the rotation and a smaller increase at twice
the frequency of rotation. The analysis was
conducted to verify that these increases
were caused solely by the crack and to un-
derstand the implications for future such
cracks.

It was postulated that centrifugal expan-
sion of the cracked inner race would cause
the race to become eccentric with respect
to the rotating shaft and that the eccentric-
ity would give rise to unbalance and con-
sequent vibrations. The vibrations would
be small or nonexistent at low speeds of ro-
tation, at which compressive axial loads,
ball loads, and shrink fits would exert re-
storing forces that would counteract the
centrifugal force. With increased speed,
the centrifugal force would increasingly
overcome these restoring forces, expand-
ing the cracked inner race outward.

Because one of the loads resisting ex-
pansion would be friction on the axial faces
between the inner race and the bearing nut
and spacer, the expansion would occur in
frictional steps, locking at each successive
step as the speed increased. The expan-
sion with increasing speed would continue
in steps up to the limit of the internal
clearance of the bearing. Expansion at
higher speeds would increase the loads on
the outer race, which would then help tore-
sist expansion by applying restoring forces
through the balls.

These hypotheses were tested by com-
puter simulation, using a mathematical
model of the dynamics of the pump rotor
with various amounts of eccentricity. Al-
though this simulation predicted vibrations
similar to those observed, it was con-
sidered inconclusive because of inade-
quacy of the part of the model that repre-
sented the pump housing. Therefore,
experiments were conducted and correlat-
ed with the results of the simulation. The
experimental plots of vibration amplitude
with speed showed the effects of the pos-
tulated step-by-step expansion, and the ob-
served increase in vibration amplitude with
speed was approximately equal to that of
the simulation for a realistic range of ec-
centricity of the inner race.

This work was done by David G. Goggin
and Robert A. Dweck of Rockwell Interna-
tional Corp. for Marshall Space Flight
Center. To obtain a copy of the report,
“SSME HPOTP — Cracked Bearing Inner
Race Rotordynamic Model,” Circle 160 on
the TSP Request Card. MFS-29656

NASA Tech Briefs, April 1990
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Optical Arc-Length Sensor for TIG Welding

The length of the arc would be measured instead of inferred from voltage.

Marshall Space Flight Center,
Alabama

A proposed subsystem of a tungsten/in-
ert-gas (TIG) welding system would meas-
ure the length of the welding arc optically.
At present, the length of the arc is inferred
from the arc voltage, which depends on
the welding current, the content (including
contamination) of the purging gas, and the
condition of the tip of the welding elec-
trode. It is necessary to measure the arc
length to control it and thereby assure the
quality of the weld. Thus, in present sys-
tems, contamination and variations in
welding currents and the flow of purging
gases are common causes of flaws in welds.

In the proposed subsystem, a video
camera would view the welding arc, which
would be identifiable in the image by its ex-
treme brightness or by its emission of dis-
crete spectral lines and continuum radia-
tion. The image would be brought to the
video camera by a bundle of optical fibers
or by mirrors along an oblique line of sight
through or past the edge of the gas cup of
the torch (see figure). Asignal related to the
length of the arc would be obtained from
the video image by a simple optical proc-
essing technique developed for the recog-
nition of images. The true length of the arc
could be calculated from this signal and a
knowledge of the lenses, angles, and dis-
tances of the optical train.

This work was done by Matthew A. Smith
of Rockwell International Corp. for Mar-
shall Space Flight Center. No further
documentation is available. MFS-29497
The Welding Arc Would Be Viewed by a video
camera, in one of threealternative optical con-
figurations.
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Calibration Fixture for Welding Robot

This compact, lightweight device can be used in any position or orientation.
Marshall Space Flight Center, Alabama

A calibration fixture has been designed
for use on a robotic gas/tungsten-arc
welding torch equipped with a vision-based
seam-tracking system. Through optics in
the hollow torch cylinder, a video camera
obtains an image of the weld, viewing
along a line of sight coaxial with the

72

welding electrode. The calibration fixture is
needed because each time the welding
configuration is changed and a different
type of seam is to be tracked, the vision
system must be recalibrated.

The calibration procedure involves find-
ing the location of the electrode in the im-

age, determining the magnification of the
image, and refocusing the optics to the ap-
propriate distance. The calibration fixture
is a compact, lightweight device that can
be used to perform calibration while the
torch is in any position or orientation. It ac-
commodates a standard focusing range

NASA Tech Briefs, April 1990




from 1/8 in. (3 mm) below to 3/4 in. (19 mm)
above the outer end of the electrode and is
adaptable to nonstandard cup sizes and
electrode lengths.

The calibration fixture (see figure) in-
cludes inner and outer collars and an ex-
tension tube. A plastic retaining clip holds a
ground-glass disk and a glass reticle with a
1-mm grid in position in the extension tube.
The extension tube snaps into the outer
collar with ball plungers so that it can rotate
in the outer collar. The ground glass and
reticle are illuminated from below by a
fiber-optic light guide from a 150-W vari-
able-intensity halogen-lamp microscope il-
luminator. A setscrew holds the light guide
in the lower end of the extension tube.

Before using the calibration fixture, the

Threads for
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Plastic
Retaining
Clip

Glass Reticle

Ground-
Glass Disk

Ball-Detent
Groove
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COst.
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demonstration.

Odetics
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1515 South Manchester Avenue, Anaheim
California 92802-2907
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The Calibration Fixture is attached to the
welding-torch cylinder in place of the gas
cup that would normally be attached in use.
By use of a longer or shorter extension
tube, the fixture can accommodate a
welding electrode of unusual length.

NASA Tech Briefs, April 1990
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gas cup must be removed from the torch
cylinder. Then, in place of the gas cup, the
fixture is attached to the torch cylinder
by the threaded inner surface of the inner
collar. The welding electrode protrudes
through coaxial holes in the reticle and
ground glass. A rectangular hole in the side
of the extension tube exposes the elec-
trode so that the location of the end of the
electrode can be measured with respect to
the reticle. This hole also enables the
technician to rotate the reticle by pushing
on its edge.

With the inner and outer collars thread-
ed together, the outer collar is turned to ad-

just the distance between the reticle and
the tip of the electrode. An exceptionally
long electrode may require the use of a
longer extension tube with standard inner
and outer collars.

This work was done by Krisztina J. Holly
of Rockwell International Corp. for Mar-
shall Space Flight Center. For further in-
formation, Circle 149 on the TSP Request
Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 14].Refer to

Borescope Device Takes Impressions

in Ducts

MFS-29548
i
e

The device can be maneuvered around curves and used
in otherwise inaccessible locations.

Marshall Space Flight Center, Alabama

A maneuverable device built around a
borescope is equipped to make impression
molds of welded joints in the interior sur-
faces of ducts. The molds are then exam-
ined to determine the degrees of mismatch
in the welds. The use of the device is fairly
easy and requires little training.

The device (see figure) is inserted in a
duct, and color-coded handles on the ends
of cables can be used to articulate the
head to maneuver around corners. View-
ing the inner wall of the duct through the
borescope, the technician aligns the de-
vice with the weld joint to be inspected. An
airbag wrapped around the head is inflated
to expand it against the interior surface of
the duct and hold the device in place.

Before insertion, the mold material —a
plastic material that has a consistency like

that of modeling clay or stiff putty — is
tethered on an elastic tube that surrounds
a perforated platen cylinder. Once the de-
vice is held at the inspection position, the
cylinder is pressurized to inflate the elastic
tube and press the mold material against
the weld joint. After taking the impression,
the inspector depressurizes the cylinder,
then depressurizes the airbag, and then
withdraws the device from the duct. A re-
dundant, tethered steel cable can be used
to withdraw the device, if necessary, and
prevents the loss of any part.

This work was done by Richard F. Walter
and Laura J. Turner of Rockwell Interna-
tional Corp. for Marshall Space Flight
Center. No further documentation is
available.

MFS-29483

2 oo bag.

Four Articulating
Handles

The Borescope and the Articulating Cables enable the inspector to identify the surface to be

inspected and to maneuver the head around corners to reach the inspection position.

NASA Tech Briefs, April 1990
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Internal Filler-Wire
Feed for Arc Welding

The tungsten electrode holds
and protects the filler wire.

Marshall Space Flight Center,
Alabama

A tungsten electrode for gas/tungsten
arc welding contains a lengthwise channel
for feeding filler wire to the weld joint. The
channel makes it unnecessary to feed the
wire through guides outside the electrode
and thus conserves valuable space near
the weld and protects the wire from defor-
mation by contact with other parts in the
vicinity of the weld — a feature especially
helpful in robotic or automatic welding.

The wire is fed along the inside of a
ceramic liner in the channel in the elec-
trode (see figure). The liner insulates the
wire electrically from the electrode. Heat
from the rod nevertheless passes through
the liner to the wire, preheating the wire so
that it can be fed more rapidly to the weld
puddle. Welding can thus proceed faster
than it can with externally fed wire. More-
over, the wire does not oxidize in the hot en-
vironment because it is always protected
from air by the liner and by the shielding in-
ert gas at the weld puddle.

This work was done by Gene E. Morgan
and Gerald E. Dyer of Rockwell Interna-
tional Corp. for Marshall Space Flight
Center. For further information, Circle 5
on the TSP Request Card.

This invention is owned by NASA, and a

Filler

Tungsten Electrode,
. 0.312-in. Diameter

The Hollow-Core Tungsten Rod guides the
filler wire to a weld joint. The ceramic liner
insulates the wire electrically from the elec-
trode so that the welding arc extends only
from the electrode to the workpiece.

NASA Tech Briefs, April 1990
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!‘ Internal Wire Guide

_ patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Marshall Space Flight Center
[see page 14]. Refer to MFS-29491.

for Gas/Tungsten-
Arc Welding

The wire is kept in the
shielding gas, preventing
oxidation.

Marshall Space Flight Center,
Alabama

A guide inside the gas cup of a gas/tung-
sten-arc welding torch feeds the filler wire
to the weld pool along a line parallel to the
axis of the torch. The guide eliminates the
problem of how to place and orient the torch
to provide clearance for an external wire
guide.

As shown in the figure, the guide is placed
adjacent and parallel to the tungsten
welding electrode. The guide keeps the
wire within the shielding gas at all times
during welding, thereby preventing oxida-
tion of the wire.

This work was done by Gene E. Morgan
and Gerald E. Dyer of Rockwell Interna-
tional Corp. for Marshall Space Flight
Center. No further documentation is
available.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [See page 14] Refer to
MFS-29489

Simplified
Models Speed

Electroforming
Tests

Two-dimensional models are
easier to construct than

are fully-machined
three-dimensional models.

Marshall Space Flight Center,

Alabama

A method of evaluating the configura-
tions of electroforming shields reduces the
cost of evaluation. The method is appli-
cable to electroformed parts that have
axes of symmetry. The method involves
electroforming material onto a two-dimen-

76

Ceramic

Insulator Wire

Tungsten
Welding
Electrode

MAGNIFIED VIEW OF GUIDE AND ELECTRODE

GUIDE AND ELECTRODE IN HOLDER

Gas Manifold

INNER PARTS OF TORCH ASSEMBLED OUTSIDE,
SHOWING RELATIONSHIPS WITH MANIFOLD AND CUP

ASSEMBLED TORCH

The Wire Guide and Tungsten Welding Electrode are inserted in the torch side by side.
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sional approximation of the part in question
(see figure), using the side shields to be
evaluated. After deposition, cross sections
of the electrodeposited material are taken
from critical locations and examined. Of-
ten, an important objective in the evalua-
tion is minimization or postponement of the
growth of nodules on the electroformed
part. Nodules not only waste material but

ORIGINAL CONTOUR AFTER
105 HOURS OF ELECTROFORMING,
SHOWING SOME NODULES

ai
ORIGINAL CONTOUR AFTER 171 HOURS OF
ELECTROFORMING, SHOWING FURTHER
GROWTH OF NODULES

MODIFIED CONTOUR AFTER 172 HOURS OF
ELECTROFORMING, SHOWING MINIMAL
GROWTH OF NODULES

An Electroformed Specimen of nickel on a
bent-sheet approximation of a three-di-
mensional axisymmetric part helps devel-
opers evaluate the conditions in the
plating process as well as the configura-
tion of the electroforming shields.
Changes, if necessary, can then be made
quickly.

NASA Tech Briefs, April 1990
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of bus compatible timing products on today’s
market, giving you many options for adding
time code processing to existing computer systems.
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Fax 714 776-6363

Chﬂﬁs, ; .:.
examples from 3800’W
ton Ave. N., Minneapolis,
55412, or call 612 513555

illbruck
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A sheet of copper is bent to the outline of
the part as it appears in a plane containing
the axis of symmetry. The sheet is fitted
with typical side shields and masked as re-
quired. It is then plated with nickel, for ex-
ample, for the time required to build the
thickness of the actual part (in some cases,
more than 170 hours). The specimen is
then sectioned, and the rates of deposition
are determined.

At selected intervals during plating, the

also result in waste of time in that the elec-
troforming process must sometimes be in-
terrupted while nodules are ground off.

Previously, shields for a part to be elec-
troformed were evaluated on a complete
three-dimensional, fully machined model
of the part. The new method not only elimi-
nates the expense of constructing a full
three-dimensional model but also makes it
possible to perform the evaluation almost
immediately.

nickel can be interrupted with thin marker
deposits of another metal — typically, cop-
per. The thin deposits are visible as lines in
the cross section and help in the evaluation
of the deposition process.

This work was done by Ronnald
Bodemeijer and Steven Filkin of Rockwell
International Corp. for Marshall Space
Flight Center. No further documentation
is available.

MFS-29505

The new etchant causes less damage.
Marshall Space Flight Center, Alabama
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!‘ Prepenetrant Etchant for Incoloy* 903 Weld Overlays

An etching solution has been developed
for use prior to type-IVc penetrant inspec-
tion of Incoloy* 903 weld overlays. The
previous prepenetrant etchant — a mix-
ture of 50 percent hydrochloric acid and 50
percent hydrogen peroxide — tended to
cause pitting and to give rise to an ex-
cessive fluorescent background, necessi-
tating rework of the workpieces thus over-
etched.

The new etching solution is formulated
as follows:

* 80 g ferric chloride hexahydrate,

* 300 mL reagent-grade hydrochloric acid,

* 25 mL food- or reagent-grade phosphoric
acid, and

¢ 100 mL ethylene glycol.

This solution is applied to the surface to be

etched for 90 to 120 seconds. In contrast,

the previous etchant was applied for 15 to

30 seconds. Thus, the new etchant gives a

more reasonable range of etching time

and reduces the probability of overetching

and resulting damage.

The new etchant does not pit or erode
the surface of the workpiece. It reveals the
microstructure of Incoloy* 903 without
removing the constituents around the den-
drites and grain boundaries and without at-
tacking the grain boundaries. It does not
produce etch-background anomalies that
complicate the evaluation of the penetrant-
inspection results.

The new etchant can be stored indefi-
nitely. Itis safe to use when standard safety
procedures are followed. To avoid errors in
formulation, it should be prepared by a
trained technician in a laboratory, rather
than in the shop where it is to be used.
*“Incoloy” is a registered trademark of the
INCO family of companies.

This work was done by Joseph E. O'Tousa,
Clark S. Thomas, and Robert E. Foster of
Rockwell International Corp. for Marshall
Space Flight Center. No further docu-
mentation is available.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 14].Refer to
MFS-29576
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Differential Sampling for Fast Acquisition of Frequency
The amount of computation increases only linearly with the number of measurements.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

An algorithm rapidly estimates the fre-
quency of a sinusoidal signal corrupted by
zero-mean, additive, white Gaussian noise.
It incorporates a differential mathematical
model of the signal, cyclic sampling of the
signal, and a least-squares best-estimate
criterion. Because it is recursive in the
measurements, the algorithm can adapt to
a changing signal frequency (see figure).
The amount of computation required to ob-
tain the estimate increases only linearly
with the number of successive measure-
ments to be processed.

Provided that the Nyquist sampling cri-
terion is met at any signal frequency to be
encountered, the signal and noise can be
sampled at uniform or nonuniform inter-
vals. At any given time, the N most-recent
in-phase and N most-recent quadrature
(with phase determined on the basis of the
evolving estimated frequency) samples of
signal plus noise are retained.

In the differential model, each in-phase
and quadrature sample is expressed as
the first n terms of a Taylor series expand-
ed around the immediately-preceding in-
phase and quadrature samples, respec-
tively. The equations of the model can be
put in a matrixsvector form that includes (a)
an n-dimensional state vector derived from
the measurements and (b) an n-dimension-

al parameter vector, the components of
which are the frequency coefficients of the
Taylor series. A standard least-squares
procedure is then applied to obtain a re-
cursive or nonrecursive expression for the
parameter vector in terms of the measure-
ments.

Because the noise component becomes
colored in the differential model, the esti-
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mated parameter vector could attain a bias
at low to medium signal-to-noise ratios.
This bias is eliminated by use of an extend-
ed least-squares procedure that modifies
the measurement to effectively whiten the
noise. The result is a recursive extended
least-squares algorithm with exponential
measurement-weighting factors.

The dimension n of the state and param-
eter vectors does not depend on the num-
ber of measurements 2N and can be quite
small; e.g., four is a typical value. Because
smaller n means less computation, this is
an advantage in comparison with previous
algorithms in which n increases monotoni-
cally with the product of the uncertainty in
frequency and the observation period. Al-
though such a simplification can cause
some loss of optimality, appropriate sam-
pling procedures can make the loss in op-
timality insignificant. The reported work
also presents an extension of the basic
algorithm for the estimation of various
derivatives of the frequency when this is
desirable.

This work was done by Rajendra Kumar
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
9 on the TSP Request Card.

NPO-17358

Optimal Allocation of Tasks in Hypercube Computers
Uniform tasks should be distributed uniformly or else assigned to one processor.

NASA's Jet Propulsion Laboratory, Pasadena, California

An investigation in the theory of schedul-
ing has yielded an optimal scheme for the
allocation of tasks among digital data proc-
essors in a hypercube ensemble. The
scheme applies to tasks that require equal
times to execute, that can be performed in
any order, and between any two of which
equal amounts of communication are re-
quired.

Parallel-processing systems like hyper-
cube ensembles (see figure) have the po-
tential to reduce overall processing time

NASA Tech Briefs, April 1990

for a given set of computational tasks. To
realize all or part of this potential, it is nec-
essary to distribute the tasks among the
available processors in such away that the
overhead cost in communication time
among tasks does not exceed the time
saved by executing tasks in parallel.

The optimal-allocation problem is to allo-
cate m independent tasks among n proc-
essors in such a way that the completion
time or schedule length, S, has the
smallest possible value. The completion

time of the ensemble is the execution time
plus communication time of whichever
processor takes the longest time to com-
plete its assigned sequence of tasks. In the
general case, where some tasks may have
to be completed before others are begun
and various amounts of intertask commu-
nication are required,

m m n
S=max{ > 3 3 (e +Cu %%
1</<n =1 k=1 r=1
wheree; = the execution time of task/on
79
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This Hypercube Ensemble of 16 data proc-
essors could, in principle, perform a com-
putation 16 times as fast as could 1 of the
processors, if not burdened by communica-
tion among the processors. The problem is
to allocate the tasks among the processors
to minimize the overall processing time.

processor j; ¢, = the time required for
communication from task/ to task k; d;, =

the cost per unit of communication sent
from processor j to processor r;and x;; = 1
when task / is assigned to processor j, and
0 otherwise.

In the general case, the minimization of
Sisan intractable problem. However, in the
special case of uniform execution and
communication times, the equation for S
provides relatively-simple algebraic ex-
pressions for the times required for com-
pletion when the tasks are allocated to one
processor, to all processors, and to various
intermediate subhypercube combinations
of processors. These expressions reveal
that whenever the ratio of the uniform exe-
cution time for each task to the uniform
communication time for each pair of tasks
is less than a factor that depends on the
particular hypercube configuration and on
m, then the cost of interprocessor com-
munication is so high that it is better to per-
form all tasks on a single processor. If the
execution-time/communication-time ratio
exceeds the given factor, then S is mini-
mized by distributing the tasks evenly over
all processors.

This work was done by Moktar A.
Salama of Caltech and Camille C. Price of
Stephen S. Austin State University for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 13 on the TSP
Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL [see page 14]. Refer to
NPO-17215.

NASA Tech Briefs, April 1990
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copyright 1989 Symbolics Inc

When it comes to solving
complex symbolic and numerical
math problems, there’s no substitute
for power. Other math packages
claim they have it, but when it
comes to the crunching they can't
do much more than pretty graphics.

MACSYMA has the power
you need.

With MACSYMA, you can
easily tackle math modeling prob-
lems that other packages just sit and
stare at. You can perform complex
symbolic, numerical, and graphical
calculations automatically — in
applications ranging from plasma
physics to aeronautics, from eco-
nomics to fluid mechanics and more
— right at your desk. Calculations
such as differential and integral
equations, Laplace and Fourier
transforms, vector and tensor calcu-
lus...with greater depth and accu-
racy than any other software.

And MACSYMA is getting
more powerful all the time, with
dozens of new features to simplify
even the most complex math.

But there’s one thing about
MACSYMA that isn’t complex —
using it. You can get right to work
using our On-line Help and Quick
Reference Card — without even
opening a book.

Call 1-800-622-7962 (in
Massachusetts, 617-221-1250.)

MACSYMA is a registered trademark of Symbolics, Inc

symbolics
Macsyma Division

8 New England Executive Park East
Burlington, MA 01803 USA

*including Sun-4, Sun-3, Symbolics and
Apollo workstations, VAXes and 100% IBM-
compatible 386/DOS-based PCs.



Computer-Access-Code Matrices
Authorized users can respond to changing challenges with changing passwords.

NASA's Jet Propulsion Laboratory, Pasadena, California

A scheme for controlling access to
computers defeats eavesdroppers and
“hackers.” The scheme is based on a
password system of challenge and pass-
word or of sign, challenge, and countersign
correlated with random alphanumeric
codes in matrices of two or more dimen-
sions. The codes are stored on a floppy
disk or plug-in card and are changed fre-
quently.

The host computer to which access is
sought and the terminal from which ac-
cess is attempted possess identical code
matrices. In a two-dimensional version that
could be used for identification (see Figure
1), the host computer transmits a chal-
lenge in the form of the alphanumeric
codes at two corners (not in the same row
or column) of a rectangle within the matrix.
The terminal seeking access responds by

FULL FFA SY STEMS FROM $995!
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® Fluid Flow o Window Envir ® (n

o Tubulent Flow ™ FREE OFFERS
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ANSYS s the ragistered trademark of Swanson Analysss Systems Incorporated
NASTRAN is the ragistered trademark of NASA. *Courtesy of Rader Companies.
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sending the codes for the opposite corners
of the same rectangle. If the codes are cor-

Challenge

L4
15 26 17 0 5\ 23 | 13 7

RIIE

14| 10| ad o 2920\22 6

Password

Figure 1. Random Numerical Codes that
constitute challenges and passwords are
arranged in matrix. For example, the
challenge 17, 20 is answered with the
password 23, 30.

Challenge

A
124 /11 /700 [/ 87v & *
V45
223 2FR | F22/| xox / ‘L@ o
: g ) \
917 | skz | 186 | 688 | A+ R
v /
VA A
fox .3
BzR ||220 ) eps | ves |V &
4 >
*.
ur [|mer [ s22 | erc Countersign
Challenge

Countersign \

Challenge

Figure 2. A Three-Dimensional Matrix —
actually interrelated subsets of codes
stored in memory — gives a caller and a
host a great variety of choices in estab-
lishing a link with each other.
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rect, access is granted.

The system discards codes used in a
successful attempt at access and requires
new codes for each new attempt. Thus, an
eavesdropper cannot gain access by re-
peating the code sequence entered by an
authorized user. Similarly, a hacker who
tries a series of automatically generated
passwords will find that the probability of
gaining access is very low at the outset and
diminishes rapidly thereafter.

Figure 2 illustrates a three-dimensional
version for sign, challenge, and counter-
sign. To gain access to the host, the caller
sends two codes representing points on
the same face of the matrix but not in the
same row or column. For the example in
the figure, the caller might choose 5KZ and
ERC. The caller can choose the codes at
random but must not repeat those already

chosen.

The host responds by sending codes for
points that complete a rectangle on the
face — in this case, TBT and 6BB. (Re-
ceipt of the proper combination assures
the caller that the proper host has been
reached.) In addition, the host sends codes
for two corners of a parallelepiped based
on the rectangle just established — in this
case, F12 and QQ8. The caller must now
respond by sending the codes for the cor-
ners that complete the rectangle — 111
and 110. This sequence of codes cannot be
used any more.

Any caller attempting a preset number
of erroneous responses can be discon-
nected. If the caller tries to reconnect, the
challenge from the host is different. Thus,
the probability that a hacker can generate
a correct response is minuscule. Of

course, the code matrix must be changed
often to provide an adequate number of
choices for authorized users. For even
higher security, matrices of four or more
dimensions can be used, just as cubes are
compounded into hypercubes in concur-
rent processing.

This work was done by Earl R. Collins,
Jr,, of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
85 on the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, NASA's Resident Office-JPL [see
page 14]. Refer to NPO-17525
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R e
Determining Sense of Motion in Robotic Vision

Image-processing algorithms are based partly on natural visual/mental processes.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A proposed digital image-processing
scheme (see figure) would determine the
sense of motion of an object in an image
along one coordinate axis (left to right or
right to left) with respect to the background
in the image. The image would be encoded
by passing it through spatiotemporal filters,
including a nonlinear contrast function with
a threshold. The nonlinear response to the
sums and differences of imagery proc-
essed through even and odd spatial filters
would indicate the sense of motion.

In essence, the problem is to obtain a
numerical indication of whether and how
far a spatial pattern in the image has moved
during the temporal interval between two
observations or image frames. For this pur-
pose, the image would first be processed
through even (E) and odd (O) Gabor filters;
namely,

Fe(f, x, Xy, 0) =

cos(2nfx) exp[ — (x — X )%/20?]
and
Fo(f, x, x,, 0) =

sin(2nfx) exp[ — (x — x)%/20?]

where f is the spatial frequency of interest,
x is the horizontal position being examined,

an effective width of a spatially-localized
smoothing function.

Gabor filters are chosen because they
imitate some of the behavior of the visual
cortex and optimize resolution on a linear
scale in the spatial-position and spatial-
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sponding contrast difference or spatial gra-
dient.

In the proposed scheme, the sense of
motion of a pattern in an image relative to
the background in the image at two differ-
ent times would be discriminated when-
ever the output from computations that
involve the difference and sum of paired
odd and even band-pass channels pooled
across the background frame of reference
exceeds the threshold. The following
model is proposed to predict the visibility of
shifts in the sense of motion of a test pat-
tern (detected by F) relative to a multifre-
uency background (detected by Fp) be-

where C, corresponds to the contrast of
the test pattern, C, corresponds to the con-
trast of the the background pattern, C isa
threshold expressed as a constant that
corresponds to the signal-to-noise ratio
used when detecting left-to-right move-
ment of a test pattern relative to the back-
ground, n corresponds to the slope of the
contrast response function (usually n is ap-
proximately 2), m is usually 1, sometimes
= 2, mXxo = 1, B corresponds to the
spatial period of the background frame of
reference, and k; and k; are constants for
the gain of the oontras{ sensitivity that is

X, is the observer's point of fixation, and o is tween time t, and time t ;. changed by feedback.
N
5 - m -9 =
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A Robotic Vision System could include a computing subsystem that would detect motion according to the proposed scheme. The processing
of image data to detect motion might be performed by a neural-network computer in accordance with nonlinear Gabor-function algorithms.
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Leftward movement is signaled by the
difference between the outputs of paired
odd and even filters, whereas rightward
movement is signaled by the sum of the
outputs of paired odd and even filters. Left-
to-right movement at one spatial position

would be discriminated when the differ-
ence of paired even and odd filters at time
t, differs significantly from the sum at time
t,. The sign of the temporal gradient would
determine whether the test pattern moved
to the right or left of the peak luminance of

the background.

This work was done by Teri B. Lawton of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 76
on the TSP Request Card.

NPO-17552
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Finding Optimal Gains in Linear-Quadratic Control Problems

Approximate gains are obtained for infinite-dimensional systems.

NASA’s Jet Propulsion Laboratory, Pasadena, California

An analytical method based on Volterra
factorization leads to new approximations
for the optimal control gains in the finite-
time linear-quadratic control problem of a
system that has an infinite number of di-
mensions. The new method should involve
less computation than does the prior meth-
od based on the numerical solution of
Riccati equations.

The objective is to compute the optimal
feedback control law for the following reg-
ulator problem:
min Ay, X) = [ [<x0, QEXO> + 101Nt

0

ux
subject to the constraint

x(t) = S(t, O(0) + I’S(t, 0)B(o)u(o)do
0

where J is a criterion function; the symbols
<e, <> represent the inner product; t rep-
resents time in general; t, represents the

interval during which the system is meas-
ured; u represents the control and is R™
valued; x represents the state of the sys-
tem and is H-valued (H is a real separable
Hilbert space); Q and B are strongly-meas-
urable essentially-bounded B(H)- and
B(R™, H)-valued functions, respectively,
with Q(t) 2 0; and S is an essentially-bound-
ed, jointly strongly continuous evolution
operator on H. The standard approach,
based on the approximation of the entire
semigroup that characterizes the dynam-
ics of the system, leads to a sequence of
Riccati equations for the approximate con-
trol gains. The convergence of the approxi-
mate gains is established, but in general no
a priori estimates of errors are derived.
The new approach circumvents the
need to analyze and solve Riccati equa-
tions and provides a more transparent con-
nection between the dynamics of the sys-

tem and the optimal gain. Essential to this
approach is a theorem that provides ap-
proximate explicit expressions for the op-
timal control law in terms of a compact
manifold of solutions of the underlying in-
finite-dimensional system together with
a solution to an associated problem of
Volterra factorization of terms related to
those in the regulator problem. Regularity
conditions for the approximation of this
manifold combine with regularity condi-
tions for the approximation of the solution
to the factorization problem to give asymp-
totically valid estimates for the errors in the
approximate gains.

This work was done by Mark H. Milman
and Robert E. Scheid, Jr., of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 107 on the TSP
Request Card.

NPO-17011

Computer Simulation for Multilevel Optimization of Design
Simple mathematical functions are substituted for complex engineering analyses.
Langley Research Center, Hampton, Virginia

Complex engineering systems are usu-
ally amenable to decompositions in which
the wholes are treated as assemblies of
smaller parts. Traditionally, engineers have
used this technigue to break large design
tasks into smaller subtasks executed con-
currently, thereby developing a broad
workfront and speeding the design proc-
ess. Methods for the application of formal
optimization techniques to decomposed
system-design problems are highly desira-
ble and are currently under development.

Unfortunately, because of the mathe-
matical complexity of the design subprob-
lems, the experimentation with, and vali-
dation of, these methods becomes very
expensive. As a consequence, tests of
some of the new methods have had to be
quite restricted in scope. However, a new
simulator for multilevel optimization of
complex hierarchical systems greatly re-
duces the cost of analysis in experimenta-
tion with multilevel design-optimization al-
gorithms.

The simulator is a computer program
that mimics the qualitative behavior and
data couplings that occur among the sub-
systems of a complex engineering system,
such as a car, an aircraft, or a building. The

NASA Tech Briefs, April 1990

decomposition may be regarded as a pyra-
mid of hierarchically related modules, in
which each module corresponds to a de-
sign subtask. The subtasks may correlate
with physical subsystems or with engineer-
ing disciplines that contribute to the design
of the system. For the purposes of man-
agement, the modules may be groups of
people.

Each module represents an algorithm
that converts input into output. The algo-
rithm may include both analysis and opti-
mization. The overall procedure takes the
form of a multilevel optimization, the pur-
pose of which is to satisfy constraints and
improve the performance of the whole
system.

The simulator eliminates the engineer-
ing analyses in the subsystems by replac-
ing them with judiciously-chosen analytical
functions. The cost of analysis having thus
been eliminated, the simulator is used for
experimentation with a large variety of can-
didate algorithms for methodologies for the
multilevel optimization of design to choose
the best ones for the application. Thus, the
simulator serves as a tool for the develop-
ment of strategy for the multilevel optimiza-
tion of design.

Experience with the simulator to date
showed the following: agreement of the re-
sults of multilevel optimization with bench-
mark results produced without decomposi-
tion, acceptable rates of convergence for
the multilevel optimization algorithms test-
ed, and a slightly reduced rate of conver-
gence of multilevel optimization when the
strength and complexity of the couplings
among subtasks were increased. In sum-
mary, the simulator confirmed the viability
of the multilevel optimization algorithms
tested and has proved tobe a valuable tool
in the development of these algorithms for
use in the design of complex engineering
systems.

This work was done by Sharon L. Padula
and Jaroslaw Sobieszczanski-Sobieski of
Langley Research Center. For further in-
formation, Circle 70 on the TSP Request
Card. LAR-13850

Are you reading
someone else’s copy?
Get your own copy by filling in
the qualification form bound into
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Experience

Dry stripping was developed by
US Technology Corporation, the manu-
facturer of US MEDIA. Considered the

US Technology understands aviation re-
quirements and substrate limitations.

Quality

For many years, equipment makers
such as Caber, Pangborn, Schlick, Pauli &
Griffin, Empire and Fuji, have known

Why 5 out of 6 equipment
manufacturers
recommend US MEDIA.

leading expert in the dry stripping process,

S&% TECHNOLOGY
we» CORPORATION

Quality and Experience You Can Depend On.

they can depend on the consistent quality
of US MEDIA.

Selection

US MEDIA is cost effective. It performs.
With products ranging from MilSpec to
industrial grades, equipment makers and
their customers can optimize size, hard-
ness and types of US MEDIA to the job.

Call 1-800-634-9185 for more infor-
mation. Or write to: 79 Connecticut Mills
Avenue, Danielson, CT 06239-1600.

Circle Reader Action No. 582

I S-9100 Electronic
Shearography System

Non-Destructive
Inspection with

Electronic
Shearography

This newly developed
laser-based technology
creates real-time images
of surface strain due to
delaminations, unbonds
or cracks found in
composites, thermoplastics,
honeycombs and bonded
structures.

For a no-cost test and
report on your part,
call us.

LASER TECHNOLOGY, INC.

1055 West Germantown Pike
Norristown, PA 19403

Phone: 215-631-5043
Tom Gleason, Sales Manager
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Numerical Models

for Control of Robots
Kinematic models are based
on empirical data.

Marshall Space Flight Center,

Alabama

An algorithm develops numerical mod-
els of the kinematics of robots for use in
directing the movements of the robots. The
numerical models can replace the analyti-
cal or iterative models used commonly.

While analytical models describe the
movements of robots by algebraic equa-
tions and iterative models do so by suc-
cessive approximations that home in on
the true movements, numerical models
simply predict movements from previous
measurements of actual movements. Ana-
lytical models are difficult to develop and
cannot be used for robots that are not wrist
partitioned. Iterative models can be used
for non-wrist-partitioned robots, but they
cannot provide the data needed for control
of the relative motion and velocity of end ef-
fectors. Iterative models, moreover, de-
mand large computational capacities.

Both analytical and iterative models
yield solutions for ideal robots. Real robots,
however, depart from ideal behavior: in-
evitably, they embody manufacturing and
design errors, and their linkages are not
rigid but flex when loads are applied. Such
deviations from the ideal are too complex
to be included in these models.

The numerical models developed by the
new algorithm, in contrast, transcend man-
ufacturing and design errors because they
are based on empirical data. No assump-
tions are made about the geometrical
properties of a given robot. For the same
reason, the numerical model of a robot is
unaffected by flexure — a factor that can
introduce large errors in conventional
models if the robot is very large. The ef-
fects of loads are simply included in the
numerical model of the robot, with loads as
independent variables. In a similar manner,
the algorithm can compensate for thermal
contraction and expansion of links and
joints by including the effect of tempera-
ture in the model and temperature as
another independent variable. In addition,
it readily produces the partial differential
equations needed for relative-motion com-
mands and control of velocity if the robot is
not wrist partitioned.

Numerical models from the new algo-
rithm were generated by B-spline fits to
joint-coordinate data for two quite different
robots — NASA's protoflight manipulator
(PFMA) and Stanford University’s robot
manipulator. These models were analyzed
in a computer simulation. The model of the
PFMA was found to be accurate within
thousandths of a degree, and that of the
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Stanford machine within hundredths of a
degree. For both models, the maximum er-
ror in the position of the end effector was
less than 0.085 mm.

The data for the models must be meas-
ured by digital theodolites, laser-based in-
struments, or other highly-accurate meas-
uring equipment. Rented equipment can
be used for the measurements, inasmuch
as new data are needed only when the
characteristics of a robot change signifi-
cantly — from wear or an accident, for ex-
ample.

This work was done by Mary S. Waggener
of Advanced Control Technologies, Inc.,
for Marshall Space Flight Center. For
further information, Circle 42 on the TSP
Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [See page 14].Refer to
MFS-28360

Books and Reports

These reports, studies, handbooks are
available from NASA as Technical
Support Packages (TSP’s) when a Re-
quest Card number is cited; otherwise
they are available from the National
Technical Information Service.

Recursive Construction of
Jacobian Matrix and its
Time Derivative for

Robot Arm

Quantities essential to
linearization of control
feedback are calculated.

A report discusses the recursive calcu-
lation of the Jacobian matrix (/) and the de-
rivative of this matrix with respect to time
(J) for a robot arm that has multiple rotary
joints. Such calculations can be used for
the implementation of linearizing feedback
in a digital control system for the arm.
Once a recursive construction for J is
available, the feedback can be linearizedin
a completely recursive manner by the use
of previously known methods for the recur-
sive computation of J and of the inverse dy-
namics of the arm.

The mathematical model of the robot is
a standard N-link manipulator based in an
inertial reference frame. The ith link vector
is representedbyr; = 0,— 0, _
is the position vector of the origin of the
moving reference frame that is based at
the outer end of the /th link. The jith moving
reference frame has inertial angular veloc-
ity Q; and angular velocity w; with respect
to the i —1st reference frame.

First, the inertial linear velocity, V, and
angular velocity, , of the end effector (Nth

»where O,

link) are expressed in terms of the r,and W,
The angular displacement of the ith link
with respect to the / — 1st link is expressed
asa rotation through angle q; about the
z;,_, axis. Then £
w; = qtz;—1

(where the dot denotes the derivative with
respect to time) is inserted into the equa-
tions for V and Q. After some manipulation,
the equations are transformed into an
equation for J in terms of the z 1 and of
vector products between the 2, _, and the
2, =0,-0,_

With proper attention to the rates of
change of vector products in rotating ref-
erence frames, some further manipulation
leads to an equation for J in terms of vector
products and sums of vector products of
the various position vectors and angular
velocities. Because each succeeding ele-
ment of J and J includes terms from the
preceding element, these equations lend
themselves directly to a recursive formula-
tion. Two recursive algorithms are pre-
sented: one for the recursion from the end
effector toward the base and one from the
base toward the end effector.

This work was done by Kenneth K.
Kreutz of Caltech for NASA’s Jet Propul-
sion Laboratory. 7o obtain a copy of the
report, “Recursive Control of Jacobian
Matrix and Its Time Derivative for Feed-
back Linearization of a Robot Arm,” Circle
6 on the TSP Request Card. NPO-17364

Rack Mounted Equipment Cases

TOUGH, SAFE
AND SECURE

Hard-Mounted Inte‘rnal Chassis

aterproof
onstruction

Front/Rear or
Front Only
Access

eets applicable require- &
ments of MIL-STD-108
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Instrument, Combination & Transit Cases

HIGH RELIABILITY

MIL-SPEC CASES

¢ Designed to Meet

Most Stringent
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ing Costs.
¢ Thousands of
Standard Sizes.
¢ Order by
Catalog
Number.

FREE LITERATURE
CALL TODAY:

818 846-4191
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Burbank, CA * Monson, MA

e
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tor from Willow Bend, Chelmsford,
MA, employs a 2mm flexible opti-
cal-grade fiber to illuminate areas
which are difficult or impossible to

| access with conventional lights, such

as deep borings, complex castings,

| and shrouded components. The
| monofilament fiber transmits light

with over 90% efficiency at ten
meters. The adaptor comes with 6",
12", and 18" fiber lengths.

Circle Reader Action Number 788.

The RPLP-4 rack and pinion low-
profile wrench from Raymond En-
gineering Inc., Middletown, CT, is
suited for tight spots on flanges and
areas with low clearances on heavy
equipment, pipelines, turbines, in
petrochemical and chemical indus-
tries, shipbuilding, mining, and drill-
ing. The lightweight tool offers a
4000 ft.-Ib. torque capacity, inter-
changeable heads, an adjustable
drop-foot adaptor, and swivel hy-
draulic fittings for easy maneuver-
ability without hose binding. The
RPLP-4 is packaged with common
wrench sizes in a compact carrying
case.

Circle Reader Action Number 776.

L
S

Anew interactive voice recognition
product developed by Covox Inc.,
Eugene, OR, records and plays back
speech and other sounds via the
parallel printer port on any PC, PS/
2, or compatible computer. Dubbed
the Voice Master Key System Il, the
unit features a graphics-based sound
editor for speech manipulation and
a software program capable of rec-
ognizing 64 spoken words at a time.
Speech can be introduced into
application programs written in C,
compiled Basic, GWBasic, and other
languages. Priced at $219.95, the
system is designed for use with multi-
media presentations, in education,
entertainment, foreign and reme-
dial language training, and for voice
mail over local area networks.

Circle Reader Action Number 780.

:I’herma(ite,

Circle Reader Action Number 782.

a three-layer wire insu-
lation consisting of a Du Pont Tef-

lon® fluoropolymer surrounded by |
Kapton® polyimide, with an outer
sheath of Teflon, is available from
Teledyne Thermatics, Elm City, NC.
Designed for military, aerospace,

and electronics applications, Ther- |

malite is flexible, strippable, crack- |
resistant, and surpasses cross-linked

ETFE in flammability resistance, |
smoke emissions, and fluid resis- |
tance. Conductors made with Ther- |
malite have been shown to with-
stand temperatures from -65° to |

+260°C.

LSy~

Acculex, Taunton, MA, has intro-
duced the DPP-400 panel printer |
for laboratory, industrial, and field/
mobile applications. The DPP-400
has a standard RS-232 serial inter-
face for connection to a variety of
computers, process controllers, |
modems, and terminals. It can be
configured for baud rates ranging
from 50 to 9600 baud, with choice
of parity checking, character bit
length, and number of stop bits. The
printer provides full ASCIl character
support.

Circle Reader Action Number 774.

Offering up to 7.6 billion floating |
point instructions per second
(GFlops) with 2 GBytes main mem-
ory and disk storage in excess of
100 GBytes, the iPSC®/860 super-
computer delivers Cray-level per-
formance at one-tenth the cost,
according to the manufacturer, In-
tel Scientific Computers, Beaver-
ton, OR. The iPSC/860 is available
in five field-upgradable models,
delivering from 480 MFlops to 7.6
GFlops. System prices start at
$265,000.

Circle Reader Action Number 766.

compliance system from the Hew-
lett Packard Company, Palo Alto,
CA, allows full compliance testing,
including open-area testing, for regu-

| lations of governing agencies. Its
EMI receiver meets the recommen-

dations of the International Special
Committee on Radio Interference.
The HP 84130A is configured with
the HP 8568B spectrum analyzer
and includes a quasi-peak adaptor,
an RF preselector, a preamplifier, a
transient limiter, and a receiver-

functions downloadable program.
Circle Reader Action Number 770.

The XEU, an electronic encryption
device from Xerox Corporation,
McLean, VA, enables government
computer users to send and receive
classified and unclassified informa-
| tion on the same local area net-

work. Itis activated by inserting an
electronic Crypto ignition key into a
slot on the front of the unit and is
deactivated when the key is re-
moved. The key becomes unique to
a specific XEU once it is used. The
XEU, which is inserted between a
workstation or a personal computer
and a network connection, meets

IEEE 802.3 and Ethernet specifica- ||

tions.

Circle Reader Action Number 796. |

The MV-SPECTRUM single-chan-
nel, VGA graphics overlay and
frame grabber interface board from
Metrabyte Corp., Taunton, MA. is
designed for real-time image pro-
cessing and acquisition applications.
The product combines video pic-
tures, text, and graphics on the VGA-
compatible monitor of an IBM PC/
AT or compatible microcomputer
and accepts any NTSC video input.
Aframeisdigitized and displayed in
33 milliseconds.

Circle Reader Action Number 768.

7The HP 84130A EMI commercial- = A new four-channel waveforh{n;;

corder from Scientific Recording
Assoc., Watertown, CT, plugs into
AT or PC style computers and offers
an aggregate sampling rate of 800 |
kilo-samples per second. The model
SRA1204 recorder features a flex-
ible timebase which can be pro-
grammed to provide varying
amounts of pre- and post-trigger in-
formation, enabling the user to
accurately capture transient signals.
The unit’s highly accurate analog-
to-digital converter provides 12-bit
low-noise resolution.

Circle Reader Action Number 786.

- I

| A new line of plastic self-lubricat-
| ing bearings from Igus Bearings Inc.,
| East Providence, R, features high
| wear resistance and load capacity
and can withstand temperatures to

tinuous use. According to the manu-
facturer, the Iglide L280 bearings
offer up to five times the wear resis-
tance of other plastic and metallic
bushings when applied in rotary,
| linear and reciprocating motions.
| The oil-free bearings are available
in 200 standard sizes and sleeve,
flange, and thrust configurations.

| Circle Reader Action Number 772.

|
\
: ‘ 221° C short term or 132° C in con-

| Only 5.5" x 3.2" x 2.75" in siz¢, the
; microprocessor-based Micro 1
controller from Idec Corp., Sun-
nyvale, CA, matches the capacity of
larger controllers and can replace
| 160 relays, 80 timers, and 45 coun-
| ters. The product incorporates a
| CPU, eight DC inputs and six relay
| outputs. Its I/O capacity is easily ex-
| panded via a compact serial mod-
| ule that adds eight additional inputs
| and outputs. The Micro 1 uses
EEPROM for heightened memory
reliability.
Circle Reader Action Number 784.
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New on the Market

The model WL10 portable handheld
infrared (IR) heater from Lux-Therm
Products, Syracuse, NY, features a
1000w, 230v tubular quartz IR lamp
assembly. When used with a 230v
power supply, the WL10 emits
1000w to produce a surface tem-
perature of 227°C within five min-
utes. Applications include plastic
curing and forming, preheating,
paint and adhesive curing, and sur-
face treatment.

Circle Reader Action Number 794.

Sharp Electronics, Mahwah, NJ, has
introduced the PC-E500, a
programmable pocket computer
with built-in engineering software.
It features a full graphic display and
1101 functions, including 744 for-
mulas, 124 constants, and 233 sci-
entific calculation functions. De-
signed for portability, the 7" x 3"
half-pound PC features a 40 char-
acter x 4 line screen, 32K byte

- RAM, a QWERTY keyboard, and a

| Replacingthe prism viewfinder ona
conventional Nikon F3 35mm cam-
era with the PentaCam CCD color
video head creates a hybrid high-
resolution TV and 35mm film cam-
era. For applications such as sur-
veillance, monitoring, training, and
documentation, the PentaCam sys-
| tem allows for simultaneous on-site
and remote real-time viewing on a
| monitor, recording onto tape, direct
transmission to electronic imaging
systems, and conventional 35mm
still photography. Developed by The
Focal Point Inc., South Norwalk,
CT, the PentaCam system includes
the bracket for the F3, the video
camera control unit (CCU) and a
power supply .
Circle Reader Action Number 798.

A new form entry device allows
users to keep both paper and elec-
tronic copies of important docu-
ments. Available from the Graphics
Technology Co., Austin, TX, the
device consists of an opaque clip-
board attached to a computer. As
the user writes with an ordinary pen
on a form placed on the board, the
device sends the information to the
computer, which can store hand-
writing or, using recognition soft-

ware, convert itto ASClI characters.
Circle Reader Action Number 792.
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serial I/O interface. Options include
a thermal printer, a pocket disk

drive, and plug-in RAM cards. The |

PC-E500 retails for $299.

Circle Reader Action Number 800. |

MINCO PROBLEM SOLVER #21 ‘

PRODUCT:

Flexible Thermofoil™
Heating Elements

DRAWING:

[[APPLICATION:

Aerospace, medica

FEATURES: —
Etched-Foil Elements: Unlform reliable heat, high watts.
Flexible: Tight thermal conformance, install anywhere.
Thin, Lightweight: Low thermal mass, aerospace use.
Profiled Heat Patterns, Integral Sensors: Tight control.

SPECS: Temp. to 235° C (455° F). MIL-Q-9858. NASA S311-79.

USER NOTES: Use for light weight, tight control, high wattage,
long life in critical devices.

When quality and performance are as important as price, call. .

MINCO --cocrs e

7300 C: ce Lane/ 55432 U.S.A.
Telephone: (612)571-3121/TWX: 910-576 2848/FAX (612)571-0927

Circle Reader Action No. 308

A b Wlm TT—— §-

The CYD200 Series digital ther-
mometer from OMEGA Engineer-

ing Inc., Stamford, CT, can mea-
sure temperatures from -271° to
+200°C with an accuracy of 0.5°C
and aresolution of 0.1°C. It features
a four digit display and front panel
selection of units in °C, °F, Kelvin,

or the actual sensor voltage. Two |

models are available: a single

| channel indicator and an eight

channel indicator.

| Circle Reader Action Number 790.

LIFE - SAVING
PRESSURE
SNUBBER

Actual Size

Guard against damaging pressure transients.
Lee's new Micro Damp™ snubber extends
the life of valuable pressure measurement
instruments, and is so small it can be installed
directly info the sensing port of a tfransducer.

For a simple method to determine the right
Micro Damp for your application, see section
K in the Lee Technical Hydraulic Handbook,
or send for your copy today.

The Lee Company

2 Pettipaug Road
Westbrook, CT 06498
Tel: (203) 399-6281
Fax: (203) 399-7058

Lee. Innovation in rnmncture

UFESAVERS 1 0 regaterad frademark of Panters Litesavess Company
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PRESSURE’S ON =

SPECIFY STEVENS URETHANE FILM AND SHEET.

When you can't tolerate product failure, look to
Stevens polyurethane film and sheet for the answer.
Urethane insures that medical pressure infusers will
be flexible enough to function even after long stor-
age periods on the shelf or in an ambulance, even
in cold weather. Stevens urethane film and sheet
could be the solution to your design problem. Thick-
nesses from .001” to .125!" Widths from 5" to 60"
Send for our free brochure today.

JPS Elastomerics Corp

Industrial Products Division
395 Pleasant Street
Elastomerics

Northampton, MA 01060
Tel: (413) 586-8750
Fax: (413) 584-6348

Circle Reader Action No. 407

Hazardous
Location
Work Lights

13 & 26 Watt

FM Approved Cord, Ballast &
Lamp Unit. Furnished without
plug attached and suitable
for Class |, Division |, Groups C
& D; Class Il, Division |, Groups
E, F & G;* Class lll, Division |.

up G does not apply fo vatt model

Designed to aircraft specifications, this
ruggedly constructed work light
provides ultimate safety and depen-
dability in high-hazard areas. All
aluminum body with specially-com-
pounded bumper guards withstands
damage from falling objects, bump-
ing or dropping, while patented shock
absorbers protect high-output fluores-
cent tube.

m Compact 3'%" x 14%4" size

m Lightweight (3% Ibs.)

® NEMA 4-Watertight

I(“ INDUSTRIES, INC.

PO. Box 312, Angola, NY 14006
716-549-0135 ® FAX: 716-549-2725
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New Literature

Stock Drive Products’ 768-page
Handbook of Standardized Compo-
nents features over 24,000 off-the-
shelf inch and metric drive parts.
Product categories include belt and
chain drives, gears, speed reducers,
motors, couplings, universal joints
and flexible shafts, bearings, fasten-
ers, vibration mounts, and unique
components such as constant force
springs and splined bushings. The
catalog includes technical tables
with conversion to small inch mea-
surements, standards for inch size
and metric threads, and American/
metric equivalents.

| Circle Reader Action Number 706.

A 20-page catalog from Power
General, Canton, MA, provides
basic electrical and mechanical
specifications for over 400 AC/DC
switching power supplies and DC-
DC converters. Included are AC/
DC power supplies from 25 to 200
watts in open-frame, enclosed, and
encapsulated modules, as well as
DC-DC converters from 1 to 100
watts. All products are machine-
inserted, autotested, and monitored
under statistical process control.

Circle Reader Action Number 710.

A 34-page catalog from AMP Inc.,
Harrisburg, PA, spotlights the Metri-
mate line of pin and socket connec-
tors which includes square-grid
connectors for free-hanging and/or
panel mounting; free-hanging in-
line connectors; square-grid and in-
line pin and socket headers for
printed circuit board mounting; and
drawer connectors for rack and
panel mounting with radial float.
The catalog provides performance
characteristics, dimensional speci-
fications, and application tooling
information.

Circle Reader Action Number 704.

A digital timing analyzer (DTA) of-
fering both time-ordered and sample
modes is described in a full-color
brochure from International Test
Instruments Inc., Irvine, CA. The
DTA stores up to 524,000 continu-
ous time-ordered measurements, for
data rates up to 20 MHz at a resolu-
tion of 50 ps. For samples, it can
record up to 10 billion measure-
ments at data rates up to 200 MHz.
Example screens of time-ordered and
sample mode measurements are
shown on the analyzer’s 640 x 350
line EL flat-panel display.

Circle Reader Action Number 708.

Industrial Computer Source, San
Diego, CA, has released the fourth
edition of its Industrial Computer
Source-Book/Supplement, featuring
over 500 industrial computer, data
acquisition, industrial control, and |
communication products for the
IBM PC/XT/AT and compatibles.
Available free of charge, the supple-
ment includes an extended line of
computer chassis products, as well
as new 386SX and 386 CPU cards,
19" rack accessories, and A/D and
communication cards.

Circle Reader Action Number 702. ’

T 1990
Industrial Computer
7 Suppléeme

- Soturce:

high-temperature materials hand-
book is available from Cotronics
Corp., Brooklyn, NY. Product cate-
gories include insulation materials,
machinable ceramics, ceramic and
industrial cements, high-tempera-
ture epoxies, sealers and binders,
high-temperature coatings, and
welding and brazing supplies.

Circle Reader Action Number 726.

The Brushless DC Motor Handbook |
from Inland Motor, Radford, VA,
provides basic design concepts,
terms and definitions, and configu-
rations of brushless motor systems.
The handbook contains a brushless
amplifier application note which
relates the use of sinusoidal and |
trapezoidal back EMF waveform
motors to the proper control elec- |
tronics and discusses the advan- |
tages of both. A simplified approach
to pulse-width modulation (PWM) |
is presented for both voltage and |
current control. ‘
Circle Reader Action Number 712, |
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Keystone Electronics Corp., Astoria,
NY, is offering a quick-reference
wall chart detailing the company’s
various spacer and standoff types,
sizes, styles and platings. The 14" x

| 22" multicolor chart contains com-

plete specifications for Keystone’s
brass, aluminum, stainless steel,
phenolic, nylon and ceramic spac-
ers and standoffs. An additional
feature highlights the company’s
wall-mount or stackable spacer kits
which include inventories of the
most frequently used spacers and
standoffs in day-to-day operations.
Circle Reader Action Number 714.

Digital Equipment Corp., Maynard,
MA, has published a handbook de-

scribing its new VAX vector pro- |

cessing architecture for the 6000

and 9000 series computers. The free

134-page publication provides an

overview of vector processing and

the VAX vector architecture, and

discusses how the VAX FOR-

TRAN compilier supports vector

processing.

Circle Reader Action Number 724. |

DATA CONVERTERS

FOR PRECISION, HIGH SPEED
DATA ACQUISITION AND CONVERSION |

A six-page brochure from Datel Inc.,
Mansfield, MA, reviews the

| company’s data converter compo-
| nent product lines, including sam-

pling analog-to-digital converters,

| data acquisition systems, sample-
| hold amplifiers, general-purpose

A/D converters, digital-to-analog
converters, instrumentation ampli-

| fiers, isolation amplifiers, tunable

active filters, multiplexers, and V/F

| converters. The brochure includes
| electrical specifications and pricing
| information.

Circle Reader Action Number 722. | Circle Reader Action Number 718.
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B PHILIPS

A 179-page discrete semiconduc-
tor catalog from Philips Compo-
nents, Riviera Beach, FL, lists the
company’s full line of surface mount,
power, small signal, and optoelec-
tronic devices as well as CATV and
RF power modules. The catalog
contains a cross-referenced index

| with packaging specifications and

outline drawings.
Circle Reader Action Number 716.
A 40-page carbide tool catalog from

Niagara Cutter Inc., North Tona- |

wanda, NY, features solid carbide

end mill styles and sizes, as well as |

milling cutters, saws, special car- |

bide tipped tools, and indexable in-
sert tools. Carbide-tipped and in-
dexable insert tools are available
with titanium nitride coating.

EALING ELEC

A new electro-optics catalog from
Ealing Electro-Optics Inc., Hollis-
ton, MA, describes the company’s
line of manual and motorized mi-
cropositioners, component mounts,
light sources, lasers and accesso-
ries, monochromators and detec-
tors, optical benches and tables,

Circle Reader Action Number 720.

optical filters, and microscope com- |
ponents. Technical specifications |

and photos are provided for all
products.

Multi-Channel Transient
Waveform Recording Systems
. . . from DATALAB

DATALAB has been manufacturing reliable, quality digital sys-
tems since 1962. Today these include manual and com-
puter controlled turnkey multi-channel systems sy
used in numerous applications including
Ordnance Testing,
Power Line Monitor-
ing, and Component
Testing. Configurations
are available from small
portable units to larger
computer controlled systems:

Switched timebases - two
or more simutaneously
Pre-trigger, Pre A/B, A/B,
Delayed, Delayed A/B, Free
Run, A/B/C/D with 2 time-
bases, and Delayed A/B/C/D
RS232, IEEE-488, and
DMA interfaces

IBM-PC and HP compatible

J\/\A datalab

Lucas Industrial Instruments
DATALAB Products
760 Ritchie Hwy, Suite N6 Severna Park, MD 21146
Telephone (301) 544-8773 FAX (301) 544-9054

® Systems sampling from 2 to e
200 channels simutaneously

® Sample rates up to 100 MHz e

® Bandwidths up to 50 MHz

® Resolution of 8, 10, and 12
bits

® Memory up to 1M words, °
more with chaining

Circle Reader Action No. 311

ANVIL CASES ... . BUILT FOR

AIR, LAND & SEA

+*M.A.C.C. Cases - military application
cases and containers meet or exceed
the stringent testing of
MIL-STD-810

+ A.TA. Cases meet or

exceed the Air Transport

Association specification

300 Category 1 standards

« Custom measuring and designing available + Building quality cases since 1952
Call Today For More Information

©ANVIL CASES

SUBSIDIARY OF ZERO CORPORATION
15650 Salt Lake Ave., City of Industry, CA 91745 » P.O. Box 1202, La Puente, CA 91747

(800) FLY-ANVIL (800) 359-2684

Circle Reader Action No. 528 93




ACCESS CONTROL
Computer-access-code
matrices
page 82 NPO-17525

ACCUMULATOR
Two-phase accumulator
page 68 MSC-21464

ACOUSTIC
MEASUREMENT
Acoustic humidity
sensor
page 47 NPO-17685
ALGORITHMS
Differential sampling
for fast acquisition of
frequency
page 79 NPO-17358
ANTENNA FEEDS
Array feed to
compensate for
distortion in antenna
page 38 NPO-17667

ARC WELDING
Calibration fixture for
welding robot
page 72 MFS-29548

Internal filler-wire feed
for arc weiding

page 75  MFS-29491

Internal wire guide for
gas/tungsten-arc
welding

page 76 MFS-29489

Optical arc-length
sensor for TIG welding
page 72  MFS-29497

BALL BEARINGS
Vibrations caused by
cracked turbopump
bearing race
page 71 MFS-29656

BINARY CODES
Acaquisition of spread-
spectrum code
page 38 NPO-17472

BINARY SYSTEMS

(MATERIALS)
Two-phase accumulator
page 68 MSC-21464

BUFFER STORAGE
Virtual frame buffer
interface program
page 59 NPO-16713

C

CHANNEL FLOW
Transport of passive
scalars in a turbulent
channel flow
page 62 ARC-12109
CHORDS

(GEOMETRY)

Exact chord-length
distribution for SEU
calculation
page 30 NPO-17657

CMOS
Upper-bound estimates
of SEU in CMOS
page 26 NPO-17566

CODES
Computer-access-code
matrices
page 82 NPO-17525
COMMUNICATION
NETWORKS
Computer-access-code
matrices
page 82 NPO-17525
COMPUTER AIDED
MAPPING

Extracting geocoded
images from SAR data
page 59 NPO-17418

Making mosaics of
SAR imagery
page 58 NPO-17586

COMPUTERIZED
SIMULATION
Computer simulation
for multilevel
optimization of design
page 87 LAR-13850

CONCURRENT
PROCESSING
Optimal allocation of
tasks in hypercube
computers

page 79 NPO-17215

MAKE YOUR GRAPHICS
PROGRAMMING
AS EASY AS A GALL!

CALL INIGRF (Supports over 250 output devices)
CALL AXIS (Draws line any length at any angle)
CALL SYMBOL (Plots text using any of 13 different fonts)

CALL GEOGRAF

(Supports BASIC, C & FORTRAN)

Mainframe graphics can be added to any PC program
by simply making a CALL to GEOCOMP. Real-time
graphs, device independence, variable line types and
batch processing are just a few of the features that
make GEOGRAF an indispensable graphics library.

Designed with Engineering and Scientific users in mind,
GEOGRAF is compatible with the widely used Calcomp
graphics library, enabling you to quickly convert your
mainframe graphics code to run from within your own
PC code. With years of satisfied users at NASA, MIT
and SHELL OIL, GEOGRAF is ready to handle your

graphics needs now.

Stop working so hard to program your graphs, make
the CALL TO GEOCOMP at (800) 822-2669.

GEOCOMP Corporation
66 Commonwealth Avenue Concord, MA 01742

(508) 369-8304

94 Circle Reader Action No. 673

CONTAMINATION

X ray fluorescence
surface-contamination
detector
page 52 MFS-27222
CONTROL
EQUIPMENT

Hard contact with a
force-reflecting
teleoperator
page 70 NPO-17549
CONTROL THEORY
Finding optimal gains
in linear-quadratic
control problems

page 87 NPO-17011

CRYOGENIC

EQUIPMENT
Advanced reusable
foam cryogenic

insulation

page 55 LAR-14014
CRYSTAL
OSCILLATORS

Crystal oscillators
operate beyond rated
frequencies

page 30 GSC-13171

D

DATA SAMPLING
Differential sampling
for fast acquisition of
frequency
page 79 NPO-17358
DECODERS
Large-constraint-length,
fast Viterbi decoder
page 34 NPO-17639

DEEP SPACE
NETWORK

More about fixed-lag
smoothers for tracking
carriers
page 45 NPO-17389
DESIGN ANALYSIS
Computer simulation
for multilevel
optimization of design
page 87 LAR-13850

DETONATION

Steel foil improves
performance of
blasting caps

page 60 LAR-13832

DIAMAGNETISM
Electromagnetic
Meissner-effect
launcher
page 64 MFS-28323

DIGITAL SYSTEMS
Operation of the X-29A
digital flight-control
system
page 45 ARC-12209
DIMENSIONAL

MEASUREMENT
Measuring changes in
dimensions of turbine
blades

page 60  MFS-28338
DIODES

Header for laser diode
page 16 GSC-13234
DUCTS

Borescope device
takes impressions in
ducts

page 74 MFS-29483

e

EJECTION

Serial escape system
for aircraft crews

page 65 MSC-21310

ELECTRIC BATTERIES
Durable bipolar plates
lead/acid batteries
page 22 NPO-17662

ELECTRIC FIELDS
Net Photorefractive
gain in gallium
arsenide
page 50 NPO-17626
ELECTROCHEMICAL
CELLS

Improved liquid-
electrode/solid-
electrolyte cell

page 51 NPO-17604

ELECTROFORMING
Simplified models
speed electroforming
tests
page 76 MFS-29505

ELECTROMIGRATION
Thermal-interaction
matrix for resistive test
structure
page 32 NPO-17673

ENDOSCOPES
Borescope device
takes impressions in
ducts
page 74 MFS-29483

ESCAPE ROCKETS
Array of rockets for
multicrewmember
evacuation
page 64 MS-21332
ESCAPE SYSTEMS
Serial escape system
for aircraft crews
page 65 MSC-21310

ETCHANTS
Prepenetrant etchant
for Incoloy* 903 weld
overlays
page 78  MFS-29576
EVACUATION
(TRANSPORTATION)
Array of rockets for
multicrewmember
evacuation

page 64 MS-21332

-

FEED SYSTEMS
Feeder system for
particle-size analyzer
page 61 MFS-28326

FEEDBACK CONTROL
Recursive construction
of Jacobian matrix and
its time derivative for
robot arm
page 89 NPO-17364

FIBER OPTICS
Interferometric fiber-
optic gyroscope
page 22 NPO-17515

FINITE ELEMENT
METHOD

Improved stress
analysis of
multicomponent rotors
page 67 LEW-14838

FLIGHT CREWS

Array of rockets for
multicrewmember
evacuation

page 64 MS-21332

Serial escape system
for aircraft crews
page 65 MSC-21310

FLIGHT CONTROL
Operation of the X-29A
digital flight-control
system
page 45 ARC-12209
FOAMS

Advanced reusable
foam cryogenic
insulation

page 55 LAR-14014

FORMING

TECHNIQUES
Simplified models
speed electroforming
tests

page 76 MFS-29505

FRAMES (DATA
PROCESSING)

Virtual frame buffer
interface program
page 59 NPO-16713

FREQUENCY
MEASUREMENT
Differential sampling
for fast acquisition of
frequency

page 79 NPO-17358

G

(AMPLIFICATION)
Net Photorefractive
gain in gallium
arsenide
page 50 NPO-17626

GALLIUM ARSENIDES
Net Photorefractive
gain in gallium
arsenide
page 50 NPO-17626

GAS TUNGSTEN ARC

WELDING
Calibration fixture for
welding robot
page 72  MFS-29548

Internal filler-wire feed
for arc welding
page 75 MFS-29491

Internal wire guide for
gas/tungsten-arc
welding

page 76 MFS-29489

Optical arc-length
sensor for TIG welding

page 72 MFS-29497
GLOBAL
POSITIONING
SYSTEM

Testing microwave
landing systems with
satellite navigation
page 36 KSC-11451

GRATINGS (SPECTRA)
Integrated grating
spectrometer
page 49 NPO-17733

GYROSCOPES
Interferometric fiber-
optic gyroscope
page 22 NPO-17515

H

HEAT RADIATORS
Prototype V-groove
radiator heat shield
page 55 NPO-17744

HYGROMETERS
Acoustic humidity
sensor

page 47 NPO-17685

IMAGE PROCESSING
Computer assembles
mosaics of satellite-
SAR imagery
page 42 NPO-17683

Determining sense of
motion in robotic vision
page 84 NPO-17552

Virtual frame buffer
interface program
page 59 NPO-16713

INSULATION
Advanced reusable
foam cryogenic
insulation
page 55 LAR-14014
INTEGRATED

CIRCUITS
Forward bias inhibits
single-event upsets
page 28 NPO-17573
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It’s not just a
components show,
it’'s much more!

What distinguishes

ELECTRO and sets it

apart from all other
conferences on the East Coast?

The breadth and depth of the many segments of
the electronics industry gathered in one forum, at
one time with the newest and most advanced
electronics products and technologies. Only
ELECTRO successfully integrates product
presentations and updates on the current state of
technology into a multidisciplinary concurrent
engineering framework.

When you come to ELECTRO, it’s like attending
several vertical shows at once. Nowhere else can
you see what’s new in components, instruments,
EDA tools, power supplies, production materials,
engineering services and more at one industry
event. No other conference offers you the

wide variety of learning opportunities available
at ELECTRO.

This revolutionary approach makes ELECTRO
your best learning value and the one event YOU
CANNOT MISS in 1990. Don’t be left behind.

A More than 5,000 products being
demonstrated by experts knowledgeable in their
uses and applications

A More than 800 vendors

A 51 educational idea-generating tutorials and
technical sessions organized in the following
tracks: ® Marketing ® Devices

* Electronic CAx ® Mechanical CAx

* CASE e Manufacturing CAx ® Test

* Quality * Education ® General

A Keynote address by Thomas H.
Bruggere, chairman of the board and chief execu-
tive officer of Mentor Graphics Corp.

A Purchasing conference on

“Purchasing’s Role in Corporate Success”

with Frank Tahmoush, Polaroid Corp., and Robert
Nahabit, Nahabit Associates

7 Electro’/©0

The Boston T.E.A. Party
May 9-10-11, 1990

John B. Hynes Veterans Memorial Convention Center
and Bayside Exposition Center in Boston, Mass.

For FREE registration and more information, call 213/215-EXPO

Sponsored by Region 1, CNEC and METSAC, IEEE Q and New England and New York Chapters, ERA @[p

Circle Reader Action No. 413




INTERNATIONAL

F'g=
Robotic Industries Association

INSRA

National Service Robot Association

AlA

Automated Imaging Association
(formerly Automated Vision Association)

Call or write now for your free show tickets. Be sure to
ask for full details on America’s most comprehensive
Robots and Machine Vision Conference.
Contact: Automation Show, 7901 Westpark Drive,
Mclean, VA 22102. (703) 827-5299.

Circle Reader Action No. 456



INTERFEROMETRY
Interferometric fiber-
optic gyroscope

page 22 NPO-17515

L

APPLICATIONS

Header for laser diode
page 16 GSC-13234
LAUNCHERS
Electromagnetic
Meissner-effect
launcher
page 64 MFS-28323
LEAD ACID
BATTERIES

Durable bipolar plates
lead/acid batteries
page 22 NPO-17662

LOGIC CIRCUITS
Quantized-gray-scale
electronic synapses
page 21 NPO-17579

MANIPULATORS

Hard contact with a
force-reflecting
teleoperator

page 70 NPO-17549

Recursive construction
of Jacobian matrix and
its time derivative for
robot arm
page 89 NPO-17364
MAPPING

Extracting geocoded
images from SAR data
page 59 NPO-17418

MARS OBSERVER
Prototype V-groove
radiator heat shield
page 55 NPO-17744

METAL FOILS
Steel foil improves
performance of
blasting caps
page 60 LAR-13832

METAL OXIDES
Computer simulation of
cyclic oxidation
page 48 LEW-14890

METAL OXIDE
SEMICONDUCTORS
Upper-bound estimates
of SEU in CMOS

page 26 NPO-17566

MICROWAVE
LANDING SYSTEMS
Testing microwave
landing systems with
satellite navigation
page 36 KSC-11451

MICROWAVE
TRANSMISSION
Trellis-coded MDPSK
system with Doppler
correction
page 40 NPO-17644
MOBILE
COMMUNICATION
SYSTEMS

Trellis-coded MDPSK
system with Doppler
correction
page 40 NPO-17644
MODELS

Simplified models
speed electroforming
tests
page 76 MFS-29505
MOISTURE CONTENT
Acoustic humidity
sensor

page 47 NPO-17685

MOLDS

Borescope device
takes impressions in
ducts
page 74 MFS-29483
MOSAICS

Making mosaics of
SAR imagery

page 58 NPO-17586

MULTISPECTRAL
RESOURCE SAMPLER
Processing of
multispectral data for
identification of rocks
page 53 NPO-17581

N

NEURAL NETS
Quantized-gray-scale
electronic synapses
page 21 NPO-17579

NUMERICAL
CONTROL

Numerical models for
control of robots

page 88 MFS-28360

o

OPTICAL
COMMUNICATION
Header for laser diode

page 16 GSC-13234
OPTICAL
GYROSCOPES

Interferometric fiber-
optic gyroscope
page 22 NPO-17515

OPTIMIZATION
Computer simulation
for multilevel
optimization of design
page 87 LAR-13850

OSCILLATORS
Crystal oscillators
operate beyond rated
frequencies
page 30 GSC-13171

OXIDATION
Computer simulation of
cyclic oxidation
page 48 LEW-14890

P

PARABOLIC
ANTENNAS

Array feed to
compensate for
distortion in antenna
page 38 NPO-17667

PARALLEL
PROCESSING
(COMPUTERS)
Optimal allocation of
tasks in hypercube
computers
page 79 NPO-17215
PARTICLE SIZE
DISTRIBUTION

Feeder system for
particle-size analyzer
page 61 MFS-28326

PENETRANTS
Prepenetrant etchant
for Incoloy* 903 weld

overlays

page 78 MFS-29576
PHASE SHIFT
KEYING

Trellis-coded MDPSK
system with Doppler
correction
page 40 NPO-17644
PISTON ENGINES
High-temperature
materials for Stirling
engines

page 56 LEW-14836

PRESSURE VESSELS
Wrapped wire detects
rupture of pressure
vessel
page 66 MSC-21449
PRIMERS

(EXPLOSIVES)

Steel foil improves
performance of
blasting caps

page 60 LAR-13832

Q

QUADRATIC
EQUATIONS

Finding optimal gains
in linear-quadratic
control problems

page 87 NPO-17011

R

RADIATION EFFECTS
Exact chord-length
distribution for SEU
calculation

page 30 NPO-17657

Forward bias inhibits
single-event upsets
page 28 NPQO-17573

RADIATION
DETECTORS

Prototype V-groove
radiator heat shield
page 55 NPO-17744

RADIO
TRANSMISSION
Acquisition of spread-
spectrum code

page 38 NPO-17472
REACTION KINETICS
Computer simulation of
cyclic oxidation

page 48 LEW-14890

REFLECTOR
ANTENNAS

Array feed to
compensate for
distortion in antenna
page 38 NPO-17667

REFLECTORS
Controlling shape and
vibration of antennas
page 43 NPO-17598

REFRACTORY
MATERIALS
High-temperature
materials for Stirling
engines
page 56 LEW-14836
REMOTE CONTROL
Numerical models for
control of robots

page 88 MFS-28360

REMOTE SENSING
Processing of
multispectral data for
identification of rocks

page 53 NPO-17581
RESISTANCE
HEATING

Thermal-interaction
matrix for resistive test
structure

page 32 NPO-17673

ROBOTICS
Determining sense of
motion in robotic vision
page 84 NPO-17552

Recursive construction
of Jacobian matrix and
its time derivative for
robot arm
page 89 NPO-17364
ROBOTS

Numerical models for
control of robots

page 88 MFS-28360

1G-YOU INFTOUCH WITH TECHNOLO!

BRADYTOUCH"
TRANSPARENT

TOUCH SCREENS

Put technology at your fingertips with a
BRADYTOUCH™ Transparent Touch Screen.
Available in matrix or analog designs,
BRADYTOUCH™ Screens are the ideal,
affordable solution to your touch screen needs.

Best Transparency in its Class
BRADYTOUCH™ Screens transmit light better
than any other membrane screens. A unique
“total surface” optical-adhesive design reduces
transmission losses, resulting in improved clarity.

Reliable

BRADYTOUCH™ Screens are made of
durable, yet lightweight plastics. Abrasion-
resistant, non-glare finishes are available for

particularly demanding applications.

Let us help you with your touch screen needs.
Call or write today.

H. BRADY CO

1IN FILM PR S

8225 W. Parkland Ct. « P.O. Box 571
Milwaukee, Wisconsin 53201
Phone: 414-355-8300 « Fax: 414-354-0453

Copyright 1980 W. H. Brady Co. All rights reserved.
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IVIARKE | PLAGE 1oadvertise_call (212) 490-3999

FOR IBM PC/XT/AT/386/486, PS/2, LAPTOPS

e Add voice recognition to most existing MSDOS
m lets you define and
yooard macros by voice command

(,»AD and DTP.

A COMPLETE PRODUCT
parallel printer port

Hardware attaches to

No slots required. Sturdy

vinyl-clad steel enclosure. Includes headset/micro-

phone, printer cable, software and user manual
MADE IN USA. ONLY $219.95

CALL OR WRITE FOR FREE PRODUCT CATALOG

COVOX INC. TEL (503) 342-1271
675 Conger St. FAX (503) 342-1283
Eugene OR 97402 BBS (503) 342-4135

Circle Reader Action No. 380

IMAGING
PROBLEMS?
IT'S NOT
YOUR CAMERA,

OR YOUR
COMPUTER,

IT'S YOUR
LIGHTBOX!

In planning your video image processing system
four key elements consist of: camera, lens, computer
and illumination source. Studies have shown that the
importance of illumination has been sadly ignored
With this in mind gordon instruments has designed a
fiat field high intensity halogen illumination source
called “'Plannar Technology''. Plannar illuminators will
illuminate transparencies up to 5 x 5", 10" x 10" and
14" x 17", Plannar illuminators are color balanced, DC
powered and voltage regulated

gordon instruments, inc.
3645 California Road
Orchard Park, NY 14127
716-662-5353
716-662-7839 (FAX)

Circle Reader Action No. 390

* low cost,
‘(p compact, all-in-one unit
0““ = direct plug-in replacement
« for all popular “mice”
= RS232 serial trans/rec lines, selective
baud rate, dynamic resolution

= direct replacement units for SUN,
DEC, MASS-COMP, CAL-COMP,

PCs, ATs, XTs (IBM or compatibles)

Evergreen

SYSTEMS INTERNATIONAL
31336 Via Colinas
Westlake Village, CA 91362
(818) 991-7835 = Fax: (818)991-4036

Circle Reader Action No. 573

DON'T
SPOILIT-
KROIL

KROIL creeps into millionth inch
spaces, dissolves rust, lubricates

§ and quickly . . .

LOOSENS FROZEN METAL PARTS

TRY KROIL AT OUR RISK! g&==

If you're not convinced Kroil is
superior, we will refund your
money.

Send $4.50 for 1 aerosol can (Aerokroil) to
Kano Laboratorles.

Order direct—not available in stores.
LABORATORIES
10 H Thompson Lane, Nashville, TN 37211
615-833-4101

Circle Reader Action No. 385

| L ¥ I

e
FOR INDUSTRY

FREE!
130
Page
Catalog

“Optics
for

\ 4 1o s o Industry”

Free 130 page product catalog from Rolyn,
world's largest supplier of “Off-the-Shelf” optics.
24-hour delivery of simple or compound lenses,
filters, prisms, mirrors, beamsplitters, reticles,
objectives, eyepieces plus thousands of other
stock items. Rolyn also supplies custom prod-
ucts and coatings in prototype or production
quantities. ROLYN OPTICS Co., 706 Arrowgrand
Circle, Covina, CA 91722-2199, (818)915- 5707
FAX (818)915-1379

Circle Reader Action No. 551

IEEE-488

Complete Hardware and
Software Solutions

Platforms: EISA, PCIXT/AT, PS/2, 386, RT PC,
Macintosh Plus/SE/Il, Sun, DEC, Apollo,
MASSCOMP, 382, Q-BUS, UNIBUS, VMEbus,
MULTIBUS, STD Bus, S-100, and SBX Bus
Operating Systems: DOS, 0S/2, XENIX,
UNIX, 386/ix, Domain/OS, SunOS, AlX, RT, RSX,

RSX, VMS, ULTRIX, VAXELN, PDOS, VERSAdos,
RMX-86, Z-DOS, STD-DOS

Support Products: Extenders, Expanders,
Converters, Controllers, Buffer, Analyzer

Call for FREE Catalog
(800) IEEE-488 - (512) 794-0100

o7 NATIONAL

Circle Reader Action No. 681

National
Aerospace
Standards

The 2,900 NAS's are primarily procurement
documents for parts and components of
high-technology systems: fasteners, electrical
connectors, bearings, hoses, etc. NAS's so
completely define products that there is no need to
prepare additional documents. The standards are
developed by the Aerospace Industries
Association of America (AIA).

Annual subscriptions on 24X microfiche or 8
loose-leaf binder paper editions

Call800- | N
638-8094

In MD 301-

590-2300 =

1200 Quince Orchard Bivd. Gaithersburg, MD 20878
Circle Reader Action No. 383

FREE

Visual Control
Planning Kit
ROL-A-CHART never runs out of space
for your FREE KIT by return mail call-

800 - 824 - 0212
(In Calif. 916-622-2437)

or FAX us a note on your letterhead

FAX -916 - 622 - 9023

Circle Reader Action No. 678

DURABLE - ECONOMICAL
UNiISLIDE® ASSEMBLIES

12" TRAVEL

‘61 4

5
Widths

Travel to 90”

Available
Screw Driven

/ UIL F
I
\o V| Mi x :,?E

MLt

B
. mnw o Y ¥ 14469

Ask for Free
Catalog of 950 UniSlides!

VELMEX .

P.0. BOX 38 « E. BLOOMFIELD, NY 14443
TOLL FREE 800/642-6446
IN N.Y.: 716 /657-6151

Circle Reader Action No. 447
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M AR KETPLACE To Advertise—Call (212) 490-3999

HI TEMP | SHELDED COMPOSITES

DIODE — TRANSISTOR
TRR $TTvTL:TR’TF!TS TESTS

K‘:AMP /DN

ol 50NSEC / DIV
Avtech offers over 15 different fast high-power pulse
generators ideal for performing switching time tests
specified by diode and transistor manufacturers and
by MIL-STD-750C and MIL-S-19500. See our free 80

CERAMICS TO 4000°F

EPOXIES - ADHESIVES - INSULATION

ENCAPSULANTS - CASTABLES

from WAVE SHIELD TECH INC.
Lightweight advanced composite
shielded housings and panels. Ballistic
grade construction.

PROTECTION against:
*Magnetic Forces...(DC AC)
*EMI e RFI ¢ ESD « EMP
*Radiation...gamma, x-rays
*Heat » Fire * Water Resistant
*Hard and soft cores

e general catalog and Application Note No. 2 for: ° 2. 1
me geTransmon times from 60 Dsezcoto 10 nsec Mil STD S
Pul. idths from 1 t sec
“Voltages from & 1 100 volts EXPECTED PERFORMANCE
+ Currents from 100 mA to 10 Amps
+ Source impedance from 1 to 50 ohms AT THE RIGHT PRICE

+ 150 other nanosecond pulse generators,
amplifiers, samplers, transformers and fast
pulse accessories

AVTECH

ELECTROSYSTEMS

Wave Shield Tech Inc.
c/o The Ohio High Tech Center
304 N. Main Street
Ohio, IL 61349
(815) 376-2206
FAX (815) 376-2309

Circle Reader Action No. 419

Including Complete Technical
And Application Data
For All Your Hi Temp Needs

COTRONICS CORPORATION

3379 Shore Parkway
Brooklyn, New York 11235

PO. Box 265, Ogdensburg
New York

Fax: (613) 226-2802

718-646-7996 FAX 718-646-3028

Clrcle Reader Action No. 402 Circle Reader Action No. 409

~Er ™
miniature PolyGraf/8
ver t Ic al The hardware and soffware package
offering eight-channel real-time data-
Qualified. acquisition for Mac Il computers!
1000 hrs.

Maintains better than one-half degree of
vertical accuracy and less than one-half
degree per minute of free drift when erec-
tion is off. Humphrey, Inc., 9212 Balboa
Avenue, Dept. NTB490, San Diego, CA
92123 U.S.A. Telephone: (619)565-6631,
FAX: (619)565-6873.

Humphresj ..

SAN DIEGO * WICHITA

10 Wineo.

« Video/9U VME Board, compatible
with SGI, SUN, Megatek, and others.

» Video/300 for the HP9000.
« CGC for any workstation.
* CGC Il with up to 8 inputs.

Designed for “plug and play” operation, PolyGrat/8 gives
you the abiliity to record, display. and playback up to eight
channels of continuous data. Additional features permit
leaving markers and taking snapshots, examining data
trends through log windows and externally friggering

Guidance & Control: S NS
» Target drones
multiple recording sessions.

FoLsom ResEARCH INC. [N REETR
Excellence in Imaging™ « Flight test Zﬁf -, World Precision
systems ~ Instruments, Inc.

376 Quinnlp.oc Ave « New Haven CT 06513-4445 USA

526 E. Bidwell St., Folsom, CA 95630
Telephone: 203-469-8281 « FAX: 203-468-6207

(916» 983-1500
55 FAX: (916) 983-7236 TELEX: 880-440

225" Dia. X 4.85" Long

a registeract fradermark of Apple Comgute, inc.
PolyGrot/8 & a rodemark of Word Precision instuments. inc

TWX: (910)

Circle Reader Action No. 648 Circle Reader Action No. 626 Circle Reader Action No. 585
ROCKS SCALARS Forward bias inhibits SPECTROMETERS SUPERCONDUCTIVITY
Processing of Transport of passive single-event upsets Integrated grating Electromagnetic T
multispectral data for scalars in a turbulent page 28 NPO-17573 SDeC“fg‘e'e’Npo o iMelssr:»er»e"ecl
identification of rocks channel flow page : auncher
page 53  NPO-17581 page 62  ARC-12109 o Sy page 64  MFS-28323 bl vt ool
page 26 NPO-17566 SPREAD SPECTRUM force-reflecting
ROTORS SCHEDULING TRANSMISSION SURFACE DEFECTS teleoperator
Improved stress Optimal allocation of SIZE Acquisition of spread- X ray fluorescence page 70  NPO-17549
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ANAHEIM, CALIFORNIA pgppens™
May 21-25, 1990 Conference ® May 22-24, 1990 Exhibits

The tenth annual Conference on Lasers and Electro-
Optics (CLEO®) and the seventeenth International
Quantum Electronics Conference (IQEC) combine to
present the world’s largest technical conference on
lasers and electro-optics. The combined meet-
ing —with approximately 1,000 technical papers an-
ticipated —represents a broad forum for the
distribution of information on all aspects of lasers
and electro-optical technology from basic research to
applied research to systems engineering to industrial
applications. IQEC concentrates on basic research
on and with lasers, while CLEO® spotlights the ap-
plications of laser and electro-optic technology. A
unified technical exhibition will be open May 22-24.

DYNAMIC COMMERCIAL EXHIBIT

Attendees will find the latest in laser and electro-
optical technology on display in the North and
South Halls of the Anaheim Convention Center. The
latest products and services from more than 400
leading manufacturers from around the world will
be on display. Don't miss this opportunity to ob-
serve the finest commercial products in the laser in-

I
CLEC® IQEC dulsiteyt
SPONSORED BY SPONSORED BY
LASERS AND ELECTRO-OPTICS SOCIETY AMERICAN PHYSICAL SOCIETY FOCUSED PRODUCT DEMONSTRATIONS
OF IEEE LASERS AND ELECTRO-OPTICS SOCIETY ' .
OPTICAL SOCIETY OF AMERICA OF IEEE Product demonstrations will be held on Tuesday,
R OF AR Wednesday, and Thursday. These product demon-
Exhibiti k strations allow a more-involved presentation of
The bition and Product Prese.n.tatlons application-specific operation than is possible on the
are free of charge to the qualified exhibit floor. A complete listing of demonstrations
business professional. will be available at registration.

Check off the boxes below to identify the additional information you need, and mail this coupon to:

Meetings Department, Optical Society of America
1816 Jefferson Place, NW, Washington, DC 20036

or call CLEO® Exhibits Dept. (202) 223-9034. Or fax this coupon to: (202) 223-1096.

I need information on:
[ technical conference registration [[] exhibiting my company’s products
[ exhibits-only attendance [] focused product demonstrations

Send this information to:

Name Job Title
Company
Address
City State

Country Telephone number ( )

e
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Harrop’s TOTALAB System is proof that thermal
analysis instrumentation — DTA, TGA, and dila-
tometers — need not be expensive to be effective.
TOTALAB is easy to use and designed for years of
reliable operation. Analysis modules are available
up to 1600°C. For data storage and more sophis-
ticated analysis the new CYBER 702 digital data
acquisition system is unique in its use of standard
spreadsheet software. Or check out Harrop’s tradi-
tional analog instrumentation. Either way, TOTALAB
is the way to go for affordable — and effective —
thermal analysis.

For more information, contact Harrop Industries,
Inc., 3470 E. Fifth Ave., Columbus, Ohio 43219-1797.
Phone: 614/231-3621. TELEX: 810 482 1645
FAX: 614/235-3699.

HARROP |

e INDUS TRIES, INC e

FIRE OUR IMAGINATION!

_
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The Tandem' flash-
light features an er-
gonomic design that
borrows from NASA
lechnology.

ccomplished

To expedite the transfer of space-based technology to
U.S. industry, NASA established a nationwide network of In-
dustrial Applications Centers (IACs) that offers businesses
access to over 100 million documents contained in the NASA
data bank and some 400 other computerized databases. The
IACs provide technical support and conduct literature searches
to help clients investigate new or unfamiliar technology areas;
stay abreast of advances in their own disciplines; examine
competing activity; review patents; and resolve design or
manufacturing problems.

One company that has benefited significantly from IAC as-
sistance is the Rayovac Corporation, a leading battery and
flashlight manufacturer located in Madison, Wisconsin. Rayovac
engineers worked with NERAC Inc., a Connecticut-based
IAC, in designing a new combination home, industrial, and
work light called Tandem™ that offers both a wide-angle
floodlight and a spotlight capable of illumination up to 50 feet.
The square flood beam illuminates downward to afford safe
walking while the spot beam projects forward at a scientifi-
cally-established angle for aiming ease. Tandem features
krypton bulbs that are 100 percent brighter than regular
flashlight bulbs; an ergonomic body constructed of extremely
tough ABS plastic; and a heavy-duty magnetic nameplate
that enables the flashlight to be affixed to any metal object.
NERAC helped Rayovac researchers explore NASA ergo-
nomic design concepts, as well as developments in krypton
bulbs and new magnetic materials.

NERAC also assisted in the application of NASA technol-
ogy to Rayovac's premier flashlight—the Luma 2™—which
features a unique emergency backup system with an inde-
pendent power cell, bulb, and switch. This technique of
systems redundancy was first used by NASA to ensure the
reliability of manned spacecraft components. The Luma 2
also sports such NASA innovations as the lithium power cell,
which offers a ten-year shelf life, and a magnetic switch with
corrosion-proof sealed contacts.

In addition to identifying technology advances incorpo-
rated into Rayovac's lighting products, NERAC aided the
company in developing a zinc air battery for hearing aids. A
key component in the product is a permselective film that
permits oxygen ingress but prevents water ingress or outgo.
NERAC helpedresearchers to locate permselective films that
would improve battery performance and to ascertain that
competing products offered no technological advantage over
the Rayovac battery.

Commented David R. Schaller, head of Rayovac's Ad-
vanced Technologies Laboratory: “NERAC saves my group
about $50,000 a year in research time and effort. It's like
having an additional technical expert on our staff.” o

For a complete listing of NASA's In’dusm’al Applications Centers,
turn to page 14.
NASA Tech Briefs, April 1990
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WE'RE THE FIRST AND LAST WORD IN EXTRAVEHICULAR ACTIVITY. WITH A
PIONEERING PAST AS NASA'S ORIGINAL PORTABLE LIFE SUPPORT SYSTEM SUPPLIER.
AND CONTINUING LEADERSHIP IN ENVIRONMENTAL CONTROL/LIFE SUPPORT
SYSTEM TECHNOLOGY.

WE'VE WON THREE SPACE STATION FREEDOM PORTABLE LIFE SUPPORT SYSTEM
TECHNOLOGY CONTRACTS. DEVELOPING EFFICIENT NEW SUBSYSTEMS FOR VENTILA-
TION, THERMAL CONTROL AND CO2 REMOVAL.

NOT ONLY HAVE WE LIVED WITH THIS UNPRECEDENTED NEW TECHNOLOGY FOR
SEVERAL YEARS, WE ARE THE PERFECT PARTNER TO TURN IT INTO HARDWARE.

2525 WEST 190TH STREET TORRANCE CA
90509 (213) 512-5488. WHERE THE ULTIMATE EFFICIENCY IS RELIABILITY.

Allied-Signal Aerospace Company
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“THE SHOT HEARD ROUND THE WORLD.

Recent launch of a British satellite by a McDonnell  orbit soon with an identical spacecraft launched by a Delta
Douglas Delta booster marked the first commercial booster. The pair will provide direct-relay TV broadcasts
launch to orbit flown by a private U.S. company. on five channels to subscribers across The British Isles.

The satellite, owned by British Satellite As it has for nearly 30 years, Delta leads the way
Broadcasting, Ltd., will be teamed in geosynchronous  into space.

MCDONNELL DOUGLAS
A company of leaders.
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