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High-technology machines for hostile environments.

On the ground, in the air, Il
in space, beneath the sea— Z/

wherever hostile or hazard- _ Control arm from manned
ous conditions exist, new ‘) spacecraft
generations of independently

functioning, “intelligent”
machines are being created
to assist mans performance
in these adverse situations.
Many of these machines,
including autonomous and
remotely controlled land .
vebicles, aircraft, spacecraft >
and submersibles, will rely '
heavily on advanced
technologies in artificial
intelligence and robotics
being developed at

Martin Marietta.
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Robotic Space
Assembly
and Maintenance

Flight telerobotic servicers

-~ will enable crews aboard t

Space Shuttle and Space
Station to assemble large

.7 scale structures and main-

tain satellites in the hostile
environments of space.

Robots Prepared

for Action

Advanced remotely
controlled robots, many
utilizing artificial intelli-
gence, bave wide-ranging
military applications.
Vebicles for reconnaissance,
target designation, weapons
platforms, resupply and
medical evacuation will
improve troop survivability
and provide force multipliers

for battlefields of the future.
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MASTERMINDING TOMORROW’S TECHNOLOGIES
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A "MUST" for
Testing Underwater
Technology

The Mobile Undersea Sys-
tems Test Laboratory —
MUST =is an unmanned
submersible to test autono-
mous underwater vebicle
technologies and systems
under sea environment con-

ditions. Funded by Martin
Marietta, MUST will dem-
onstrate and prove sensor
technology and signal pro-
cessing to aid undersea
navigation, seabed surveys
and reconnaissance.
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““Reconnaissance

N — - Without Risk

" Medium-range, remotely

piloted aircraft launched
from the ground or other
aircraft will fly reconnais-
sance missions and identify
targets with pinpoint

accuracy.
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“After a while, you
get towondering. Am |
experimenting with it?
Or is it experimenting

with me"”/

&

The best way to cut down on the number of
trial runs you do is with RS/Discover™ experi-
mental design software. It will help you design,
organize and analyze industrial experiments that

improve the quality and reliability of your products,

optimize your production processes and reduce
your manufacturing costs. RS/Discover software
will give you graphical output of your results in

clear, statistically valid displays. For more infor-
mation, clip your business card to this ad and send
it to us. Or call 1-800-251-1717 (in Massachusetts,
call 1-617-873-5000.) To reach our European head-
quarters in the U.K., call (0784) 64455. If you're
interested in more information on the subject,
write for our free booklet on experimental design.



Experimental Design Software
BBN Software Products Corporation

RS Series software runs on DEC, HP, Sun and IBM micro, mini and mainframe systems. RS/Discc

1 is a trademark of BBN Software Products Corporation,
10 Fawcett Street, Cambridge, MA 02238. A Subsidiary of Bolt Beranek and Newman Inc. § .
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The Viscous Criterio




The Viscous Criterion

Tivo scientists at the General Motors Research Laboratories have developed
a way to predict the probability and severity of impact injuries in the body’s
soft tissues, including the heart, liver;, and the central nervous system.

It is an essential step in designing safety systems to reduce such injuries.

Thoracic Model

A
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FIGURE 2: Lateral view of a viscoelastic model
of the human chest. Dashpot elements (a) and
spring elements (b) represent thoracic compliance.
Compression (C) is expressed as a percentage of
original chest depth (D).

FIGURE 1: A) Plot of viscous response, VC(1),

during impact (black). C(t)=normalized com-

pression (red). V(t)=rate of chest deflection (blue).
[VClynax defines the Viscous Criterion.

B) Range of validity for Viscous Criterion
(yellow).

Designing an automobile to
reduce the risk of injury to its
occupants in a collision demands an

ability to correlate the forces gen-
erated by the crash with the bio-

logical effects experienced by the
people involved.

Military rocket sled experi-

ments in the late 1950s measured
man’s ability to withstand sudden
changes in speed. The resulting
Acceleration Criterion was used in
setting 60g (60 times the force of
gravity) as the maximum spinal
acceleration allowable under federal
motor vehicle standards in a 30 mph
crash test.

This Acceleration Criterion

treats the body as a rigid structure.

Over the years, however, subsequent
research on injury mechanisms
indicates that injury criteria based
on whole-body acceleration are

incomplete predictors of injury risk.
The body is a deformable struc-

ture, and injury can be sustained
when the chest is compressed in an

accident. At low speeds of defor-

mation (less than 3 meters per
second), the tolerance to rib cage
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damage and the risk of injury cor-
relate closely to the maximum com-
pression of the chest—expressed as
a percentage of the original chest
depth from sternum to spine. This
Compression Criterion, developed
in the early '80s by GM research-
ers in conjunction with the Univer-
sity of California at San Diego, is
useful in evaluating injury risk for
safety-belted occupants, where tight
coupling to vehicle deceleration
reduces the amount of chest com-
pression in a collision.

Doctors Ian Lau and David
Viano—both members of the Bio-
medical Science Department of
the General Motors Research
Laboratories—began in 1981 to
evaluate the importance of veloc-
ity in assessing the risk of impact
injury. They were concerned that
the maximum compression toler-
ance might underestimate chest
injury risk at high speeds of chest
deformation (greater than 3 m/s)—
typical of unrestrained occupants in
a frontal crash, or in high-speed
side impacts.

The two scientists designed a
series of experiments that held
maximum compression constant at
16% —well below the tolerance
level of 35%—and varied the rate
of abdominal compression from
5 m/s to 20 m/s. The experiments
verified that severity of soft tissue
injury increased as the velocity of
compression increased.

These results, plus further
analysis of previous experiments,
led Viano and Lau to develop a func-
tion called the Viscous Response to
describe the behavior of soft tissue
during an impact event. Viscous
Response was defined as the instan-
taneous product of the velocity of
deformation and compression, var-
ying over time: VC(t) (Figure 1A).




The mathematical form of the
Viscous Response is derived from
analysis of a mechanical analog of
the viscoelastic response of the
human thorax. (Figure 2). The dash-
pots (2a) represent the behavior
of viscous soft tissue, while the
springs (2b) correspond to the elas-
tic skeletal response to impact.

In computing impact energy
absorbed by the analog, the domi-
nant term is the product of veloc-
ity of deformation and compression,
with compression defined as chest
deflection normalized by the origi-
nal chest depth, (Fig. 2, D). There-
fore, the Viscous Response is
related to absorbed energy.

Drs. Viano and Lau suspected
that the injury mechanism for

soft tissue was also related to
absorbed energy, and designed fur-
ther experiments to verify the pre-
dictive abilities of the peak Viscous
Response (VCmax). In these tests,
velocities of deformation ranged
from 5 m/s to 22 m/s and maximum
chest compressions ranged from 4%
to 55%. Analysis of the test data
showed that the maximum Viscous
Response was an accurate predic-
tor of injury risk for the entire data
set. In addition, VCpax was the
only biomechanical response that
adequately defined injury risk for
the full range of test conditions,
including the extremes of only 4%
compression at 22 m/s, as well as
55% compression at only 5 m/s.
Investigation across this range
of deformation velocities effectively
links together existing knowledge
of crushing injuries, high-speed
impact injuries, and data available
on blast injuries (Figure 1B).
Applying the Viscous Criterion
to previously published blunt fron-
tal impact data, Lau and Viano used

statistical analysis to show that
VCmax was highly correlated with
the risk of severe injury. “For veloc-
ities of chest deformation above 3.0
m/s, says Dave Viano, “VCmax
is the principal indicator of injury,
whereas for very slow speeds of
deflection, the Compression Crite-
rion assesses crushing injury risk.
We are, therefore, recommending
a viscous tolerance for the chest of
VCmax equal to 1.00 m/s, and a
compression tolerance of Cpax
equal to 35% to minimize the risk
of severe injury in an accident”

Ian Lau points out the impor-
tance of such risk assessments as
targets for automotive designers.
“Based on our new awareness of
the mechanism of soft tissue
injury, General Motors has already
designed a self-aligning steering
wheel that can be an excellent coun-
termeasure for reducing abdominal
injuries in a crash”

The new wheel works in con-

cert with the energy-absorbing
steering column, and is available
as standard equipment on the
1989 Chevrolet Cavalier. Says Lau,
“This is an excellent example of
engineering and medical science
working together. And because GM
is the only auto maker with a bio-
medical research facility and a ded-
icated staff of research professionals,
it can only happen here”

General Motors

MARK OF EXCELLENCE

THE
MEN
BEHIND
THE
WORK:

David C. Viano and Ian V. Lau are
both members of the Biomedical
Science Department at the GM
Research Laboratories.

Dr. Viano (right) is a Principal
Research Scientist, leading the
department’s Safety Research Pro-
gram. Dave received his BS in Elec-
trical Engineering from the Univer-
sity of Santa Clara; he holds both
an MS and a Ph.D. in Applied
Mechanics from the California Insti-
tute of Technology. Dr. Viano joined
GM in 1974 following postdoctoral
work in Biomechanics at the Swiss
Institute of Technology. His inter-
ests include technologies to improve
occupant protection, the biomechan-
ics of trauma and disability, trans-
portation safety, and public health
approaches to injury control.

Dr. Ian Lau came to the
Research Laboratories in 1978, and
is now a Senior Staff Research Engi-
neer. lan has a BS in Electrical Engi-
neering from Lowell University. He
holds a Ph.D. in Biomedical Engi-
neering from the School of Medicine
of the Johns Hopkins University. [an
was also a Postdoctoral Fellow of
the American Heart Association at
the Hopkins School of Hygiene and
Public Health. His other research
interests include traumatic cardiac
arrhythmias, and occupant interac-
tion with the steering and supple-
mental restraint systems.
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navigation puts 3-D
accuracy onboard.
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continuous autonomous spacecraft
; navigation with order-of-magnitude
pADRAt LR improvements in position, velocity,
: edt and timing accuracy. Radiation-
; _ A hardened ASICs and high levels of
: digital integration produce lower cost

mission flexibilities. To put improved,
lightweight 3-D navigation aboard
spacecraft call 602/732-3018 or write
Box 2606, Scottsdale, AZ 85252.
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TWO MONTHS.

Composite screen of an average board test program
containing 100 ICs using competitive systems.
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The same program using the Artisan A7000.

The Artisan A7000 Integrated Functional Tester
programs so quickly, we’ll write your first program
for you. Free.

Until now, when you bought a tester all you got were
some brief instructions and a hearty ‘Good Luck'’

Then, you found out just how long it can take to
write test programs.

Now Artisan has the ultimate solution: buy an
A7000 and we'll send you our test engineer to write
your first program. Totally free

How can we make such an offer and expect to stay
in business? Because we know how quickly and easily
the A7000 can be programmed —just compare it to any
other tester

[s that our whole story? Far from it

The A7000 is also the most versatile tester around
Production engineers, design engineers, field service
technicians, and Q.C. inspectors can all use the A7000
In so many ways, we don't have the space to list
them here

It speaks in a language anyone can understand
Menus and function keys handle all test preparation,
execution, and evaluation. It expresses itself in full
color too, giving you precisely the information you need
in a way that's as easy on the eyes as it is on the mind
Test results and documentation are automatic.

As for the price: a very affordable, approvable
$45,000. You'll be up and running while your competi-
tion is still trying to get their budgets okayed.

Find out for yourself what caused all the excitement
at the Boston ATE show. For more information or a
personal demonstration, call 1-800-423-4636
In Connecticut and outside the U.S., (203) 871-7322.

Artisan's A7000 Integrated Test System. The first

tester built to be your only tester
s
Artisan

20 Mhz Data Rates with Real-Time Compare * Dynamic I/0 Control * Digital Multimeter * Universal Counter Timer * Function Generator
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INSIDE

hen inventor Ray Ward
moved to Arizonain 1976, he
found he didn’t like the taste

of the tap water in his new locale. “It
was kind of rusty,” Ward said. “So |
decided to build my own water filter,
which at the time was a pretty novel
idea.”

While exploring various types of
filtering systems, Ward learned of a
compact, electrolytic filter NASA had
developed to purify water aboard the
Space Shuttle. He requested and re-
ceived an information package on the
shuttle filter from the Technology
Utilization (TU) Office at NASA’s Scien-
tific and Technical Information Facili-
ty (STIF) in Baltimore, MD.

“The reports they sent were a great
help,” Ward recalled. “That informa-
tion served as the basis for creation of
my homemade device.”

Ward used his last $27 to buy mate-
rials for the filter, which worked so
well that soon friends and neighbors
wanted one, and a new product was
born—the Bon Del™ water filter. To-
day his idea has blossomed into a $50
million a year business called the
Water Filter Company of America,
which supplies clean water to more
than a million people worldwide.

Ward’s success story illustrates one
of the many ways the NASA TU Office

helps transfer space-based technol-
ogy to other sectors of the U.S. econ-
omy. As the administrative arm of
NASA’s Technology Utilization Pro-
gram, the office not only distributes
scientific publications, but also fields
a slew of technical questions and in-
formation requests daily, develops
reference and bibliographic data,
tracks new NASA spinoffs, maintains
the subscription list for NASA Tech
Briefs, and conducts public relations
activities.

“Users of NASA’s TU Program are
sometimes confused as to where to
turn for help,” said Walter Heiland,
Manager of the TU Office. “They
should contact our office. We'll set
them on the right path to get the infor-
mation they need.”

Heiland’s 14-member staff receives
hundreds of inquiries each day in the
form of letters, phone calls, and ques-
tions written on NASA Tech Briefs
feedback cards. “We never, ever turn
away anyone with a question,” said
Heiland, “even if it has nothing to do
with NASA programs per se. If we can’t
provide the information, we'll refer
them to a person or place that will of-
fer some answers. For instance, if
someone inquires about new research
on cancer treatment, we’ll usually
direct them to the National Institutes

“It’s vital that someone running
a small company who can’t
afford to hire a staff of
engineers is made aware that
he can turn to the TU Program
for help and have some of the
world’s greatest engineering
minds working for him.”

—Walter Heiland, Manager,
Technology Utilization Office

echnologx Transfer In Action

of Health.”

Highly technical questions are re-
ferred to NASA's nationwide network
of Industrial Application Centers
(IACs), university-based facilities that
have access to the massive RECON
database, where results of all NASA
research are stored. The database con-
tains 100 million documents covering
every area of aerospace activity, plus
the continually updated, selected con-
tents of some 15,000 scientific and
technical journals.

“The IACs perform in-depth RECON
searches tailored to the client’s appli-
cation,” explained Heiland. “We pro-
vide alist of addresses for the ten IACS
and brief descriptions of each center's
function. Interested parties can then
contact the IAC that best matches their
needs.”

Fast Delivery

Each year Heiland’s group proces-
ses about 100,000 requests for Techni-
cal Support Packages (TSPs)—pack-
ets of additional information on arti-
cles appearing in NASA Tech Briefs—
which requires the reproduction of
more than 1.5 million pages of techni-
cal reports. Despite this enormous in-
flux, the TU Office has no backlog of
TSP requests, according to Heiland.
“The information is usually mailed out
within two to four days of our receiving
the request,” he said proudly.

The office has in stock more than
8,000 support packages dating back as
far as 1963. “‘If someone wants an up-
date on an old TSP, we’'ll try to find out
what’s new in that area of technology,”
said Heiland. “We search our databank
for updated reports or contact the
Technology Utilization Officer at the
appropriate NASA center to see if work
has been done to bring the old
technology up to par.”

Space Program Dividends
Heiland’s staff distributes a variety
of NASA “special publications,” in-
cluding Spinoff, an annual report
featuring commercially available pro-
ducts and services that have utilized
NASA technology or assistance.

NASA Tech Briefs, January 1989



ONLY ONE MATHEMATIC
LIBRARY GIVES YOU ACCESS
10 THE GREAT WORKS
AND THE BEST SELLERS

[BM 4300, 9370

Data General
MYV Series

Apollo

’rime 50 Serie
PXCL Series

Only Math Advantage® runs the
same 260 hard-math subroutines
on supercomputers, minicomput-
ers, and workstations. Including
Cray," Cyber," IBM™ Vector
Facility," VAX;" Apollo;™ Sun,"
IBM PC/AT ;" and more. Only Math
Advantage is optimized for so many
high-performance systems, and is so
compatible.

The Math Advantage library
is identical across hosts. So you
can develop on a workstation and
execute on a supercomputer, with no
recoding. And enjoy a single, con-
sistent user interface.

Math Advantage is optimized
for both vector and parallel archi-
tectures. It’s designed for high-
performance applications—signal,

Quantitative Technology Corporation, 8700 Creekside Place, Beaverton, Oregon 97005
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trademark of the U.S. Department of Defe
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seismic, and image processing,
simulation—where CPU time is at
a premium. Development is faster
too, with its ready-to-use vector
operations, eigensolvers, BLAS,
matrix operations, and FFTs. And
it’s available in FORTRAN, C,
and Ada.

Now in version 3.0, Math
Advantage gives you more com-
patibility than any other
math library. It’s
compatible with
the FPS™ and
Numerix ™ array |
processor libraries
as well as the SEG
seismic subroutine
standard. And, for
Vector Facility users,
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it complements and builds upon the
content of ESSL.

Math Advantage is from the
experts in high-performance
development tools— Quantitative
Technology Corporation. So you
can count on unmatched documenta-
tion, support, and technical excel-
lence. Over a dozen computer

equipment manufacturers offering
Math Advantage on their systems
do just that. For more informa-
tion, contact QTC at
1-800-234-0168 or Telex
910 240 2827.
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We test each YSI thermistor
to NASA specs for

space flight.

We test every YSI Space-Qualified
Thermistor individually according
to Goddard Space Flight Center
Specification S-311-P-18, which is
cross-referenced in MIL-STD-975.

Here’s what that means—our
thermistors are expressly designed
for use in extended space flight,
military and other high-reliability
applications where you need a
thoroughly tested component with
documented performance.

Interchangeabilities of +0.1°C
and +0.2°C are standard. And if
the Goddard spec doesn’t meet
your requirements, we’ll test our
thermistors to your specifications
instead.

Ask for our thermistor catalog or
call YSI toll-free at 800 343-HELP
(in Ohio call 513 767-7241).

T

{

YSI Incorporated [
Yellow Springs, Ohio 45387 UsA LY S 1
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“Spinoff presents to
the American public
concrete proof that
their tax money is
being used for the
benefit of our entire
society.”

“Spinoff presents to the American public concrete proof
that their tax money, part of which supports NASA’s
research and development efforts, is being used for the
benefit of our entire society,” Heiland commented.

Finding and researching new stories for Spinoff is another
of the TU Office’s responsibilities. “We really have to dig to
unearth spinoffs,” said Heiland. “Many companies are over-
ly sensitive about revealing details on a product’s develop-
ment, and that hurts our chances of discovering a NASA
connection.”

By providing support for all elements of NASA’s Technology
Utilization Network, the TU office helps accelerate the
transfer of aerospace technology to other sectors of the
U.S. economy. The office’s diverse responsibilities include:

Developing reference and Processing information
bibliographic information . . . requests. . .

and managing the subscription list for NASA Tech Briefs.
NASA Tech Briefs, January 1989



A larger problem, he said, is often engineers are not
aware they have used NASA technology in creating a pro-
duct. “They may not know the history of atechnology. An
engineer might apply atechnique developed over 20 years
ago for the Apollo Program to a new project he's working
on, without knowledge of the NASA tie-in. That’s why it’s
important we continually spread the word about spinoffs,
educating as many people as possible to the far-reaching in-
fluence the space program has had on modern technology.”

One way Heiland’s team spreads its message is through
public relations efforts with the media, supplying
background literature on spinoffs to newspapers,
magazines, and television stations across the country. In
addition, they attend industry trade shows, sporting a giant
booth display with examples of medical, consumer, and in-
dustrial spinoffs. And to help generate tomorrow’s spinoffs,
they often speak before various engineering associations
at conferences and symposia, explaining how the NASA TU
Network operates.

One of the many
functions of the
TU office:
Research and
preparation of
camera-ready
copy for the an-
nual Spinoff
publication.

“...It’s important
we continually
spread the word
about spinoffs,
educating as many
people as possible
to the far-reaching
influence the space
program has had on
modern technology.”

“We believe in a hands-on approach to technology
transfer,” said Linda Watts, Supervisor of Spinoff and
Space Benefits for the TU Office. “It's important that we get
out of the office and meet with the public at trade shows
and the like, in order to make them aware of the tremendous
wealth of technology available to them through the NASA
TU Program.”

“It’s vital that someone running a small company who
can’t afford to hire a staff of engineers is made aware that
he can turn to the TU Program for help and have some of the
world’s greatest engineering minds working for him,”
Heiland said. ‘““He can learn what research has been done
in his area of interest and not have to reinvent the wheel.”
Mr. Heiland paused for a moment, and then added, “I think
that’s the most exciting thing in the world.” ]

The address and telephone number for the Technology Utilization
Office at NASA STIF appear on page 18.

MKS Solutions
for Vacuum/Pressure Measurement

MKS Instruments offers a wide range of absolute and differential pressure transducers. Whether you require general
purpose transducers for automotive engine testing or high accuracy Transfer Standards, MKS has the solution.
Our Baratrons® are supported by a direct sales engineering force and service and calibration centers located worldwide.
Talk to our problem solving applications engineers at 1-800-227-8766.

Transfer Standards Heated & High
(Absolute & Accuracy Sensors
Differential)

General Purpose OEM
Transducers

Differential OEM Type
Transducers

Portable V‘CII- NEMA 1 Enclosures

Calibration Systems

MK

SR S

B NG

I
i

Six Shattuck Road
Andover, MA 01810
(800) 227-8766
(508) 975-2350

Explosionproof
Transmitters
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New Product Ideas are justa
few of the many innovations
described in this issue of NASA
Tech Briefs and having promising
commercial applications. Each is
discussed further on the
referenced page in the appro-

New Product ideas

priate section in this issue. If you
are interested in developing a
product from these or other NASA
innovations, you can receive fur-
ther technical information by re-
questing the TSP referenced at
the end of the full-

length article or by writing the
Technology Utilization Office of
the sponsoring NASA center (see
page 20). NASA’s patent-licensing
program to encourage commer-
cial development is described on

page 18.

Hybrid Infrared Imager

An experimental infrared imag-
ing device combines an array of

to improve sensitive infrared cam-
eras for astronomy, medicine, in-
spection, and surveillance, such a

responsivity among pixels differ-
ing by only eight percent.
(See page 23).

device exhibited anoise of only 950
electron charges and uniformity of

InSb photodetectors with an array
of silicon FET switches. Promising

Inverilech

WHERE INDUSTRY
MEETS INNOVATION

Acetylene-Terminated
Aspartimides and
ived Resins

Improvements in structural res-
ins for use in hot areas on ad-
vanced and commercial aircraft
have been demonstrated with new-
ly prepared acetylene-terminated
aspartimides. Blends from this
group produce resins with lower
melt temperatures, higher fracture
toughness, and better adhesive
properties than those of compa-
rable bismaleimides.

(See page 40).

ve

Photopolymerization of
Levitated Droplets

Microspheres of controllable
composition are made rapidly by
an experimental containerless pro-
cess that combines two estab-
lished techniques. In a single
step, electrostatically-levitated
monomer droplets are polymerized
by ultraviolet light. The process is
fasterthan the multiple-step emul-
sion polymerization process and
can be used in medical, scientific,
and industrial applications.

(See page 78).

i

The business-to-binss 0 |
for Technology Transfer,
Licensing and Invention.

April 2-4, 1989
Anaheim Convention Center
Join in one of the specialized pavilion areas:
Electronics, Energy, Aerospace, Communications,

Materials, Pharmaceuticals, Medical Devices,
Agriculture, Environment or Individual Inventors.

This symbol
appears next

For more information about exhibiting or attending, to technical
call 1-800-243-2815; (203-853-0400 in Connecticut
or outside the U.S.) or send the coupon below.

InvenTech Expo is sponsored by Inventors Workshop International N
and the Technology Transfer Society !
EXPOSITIONS __

briefs which describe in-
ventions having poten-
tial commercial applica-

tions as new products.
The process for devel-
oping a product from a
NASA invention is de-

[J Yes, I'd like more information about the conference.
[J Yes, I'd like more information about the poster sessions.

Senll to -
N
InvenTech Expo <

] 0 Yes, I'd like more information about exhibiting.

Title
Edgell Expositions .
50 Washington Street, 10th Floor Company scribed at the tOp of
Norwalk, CT 06854 Address this page
3 \ l n 3 1 City 3
EXPOSITIONS State/Zip
A Division of Edgell Communications, Inc.  Jelephone ( ) NTB
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s Ada cross-compilers
Aglgsesé you there Inno tilrjne.

It’s time you knew that
Alsys, the premier Ada company,
offers a range of powerful and
flexible cross-compilers for all
microprocessors in the Motorola
MC680X0 and Intel i80X86
families* to get your applications
up and running fast.

Part of the reason for this
speed are powerful development
tools such as AdaProbe, a source
level debugger and program
viewer providing facilities to
address both the execution prop-
erties of a program and its static
structuref. n ailddition, there’s
support tor placing program
co?l?ponents into l%(gMgarmd the
Alsys Multi-Library Environ-
ment allowing program units to
be shared among libraries for
team rogrammmﬁ.

ith Alsys’ full line of

cross-compilers you'll discover
impressive flexibility and power.
There’s a configurable run-time
system iwipg you full control
over tasks, interrupts and all
components of your application.
The debugger and transfer utility
are configurable. Best of all, it’s
easy to take advantage of all this

ower because there are only a

ew files to modify.

When you need to get from
here to there without getting lost
somewhere in between, use a
cross-compiler that knows the
shortest route.

sy

Check boxes that interest you:
[ Please send me a Technical Summary on the Motorola MC680X0
) Please send me a Technical § he Intel i80X x |
: = ease send me a Technical Summary on the Intel i 86 cross-compilers.
*The 680X0 cross-compilers are hosted on VAX, SUN 3, Apollo, HP 9000/ [ Please send me a copy of your “Many Facets of Quality” brochure. l

NTB1/89 |

300, IBM PS/2, PC AT, and Cum;:aq 386. The Intel cross-compiler is hosted
on the IBM PC ATand Compaq 386. Name

the US: Alsys, 1452 Main St., Waltham, MA 02154 Tel: (617) 890-0050 | Adress
X1

In the UK: Alsys, Partridge House, Newtown Road, Henley-on-Thames, City State Zip
Oxon RGY 1EN Tel: 44(491)579090 Phone ¢ )

Elsewhere: Alsys, 29 Avenue de Versailles, 78170 La Celle St, Cloud, France il tes Ale : =
Tc?:c”i?:( )] 3918y.1244 i wdll to: Alsys, 1432 Main St., Waltham, MA 02154
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It you're aregular reader of TECH BRIEFS, then you're already
ng use of one of the low- and no-cost service: sprovldodby
NASA's Tochnology Utilization (TU) Network. a TECH
BRIEFSW represents only a fraction oﬂhetochnlcal
information applications/engineering services offered by
TU Network as awhole. In fact, when oftlneompononts
of NASA s Technology Utilization Network are co
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 ‘Jou to make use of the information,
access, and applications servlces offered by NASA's
Technology Utilization Network

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
Y 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, NC NASA/UK Technology NASA Industrial Applications

Applications 27709 Applications Program Center (WESRAC)

Center (ARAC) H. 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, Room

200

Los Angeles, CA 90007-4344
Radford G. King, Exec. Director
(213) 743-8988

(800) 642-2872 (CA only)

(800) 872-7477 (toll-free US)

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

Dr. Paul A. McWilliams,
Exec. Director

(412) 648-7000

611 N. Capitol Avenue
Indianapolis, IN 46204

Dr. F. Timothy Janis, Director
(317) 262-5036

Rural Enterprises, Inc.

Central Industrial Applications

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

NERAC, Inc.

One Technology Drive
Tolland, CT 06084

Dr. Daniel U. Wilde, President

Center/NASA (CIAC) NASA/Southern Technology (203) 872-7000 NASA/SU Industrial Applications
P.O. Box 1335 Applications Center Technology Application Center Center
Durant, OK 74702 Box 24 (TAC) Southern University Department

Dr. Dickie Deel, CIAC Director
(405) 924-6822

North Carolina Science and
Technology Research Center
(NC/STRC) (800) 354-4832 (FL only)
Post Office Box 12235 (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.O. Box 12194, Research Triangle
Park, NC 27709. Doris Rouse, Director, (919) 541-6980

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

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

University of New Mexico
Albuquerque, NM 87131

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

of Computer Science

P.O. Box 9737

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

How You Can Access Technology Transfer Services At NASA Field Centers:

Technology Utilization Officers & Patent Counsels—Each NASA Field Center has aTechnology 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 a TSP is not available,
you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in applying the
technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are interested

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

Ames Research Ctr.
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: Daniel G. Soltis

Mail Stop 7-3

21000 Brookpark Road
Cleveland, OH 44135
(216) 433-5567

Patent Counsel:

Gene E. Shook

Mail Code 301-6

21000 Brookpark Road
Cleveland, OH 44135
(216) 433-5753

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

«Code GA-00

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) 865-3281

Patent Counsel:
George F. Helfrich
Mail Code 279
Hampton, VA 23665
(804) 865-3725
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:

Paul F. McCaul

Mail Code 180-801
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-2734
Technology Utilization
Magr. 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

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) 453-2119
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 ST staff sup-
plies documents and provides referrals. Call, write or use the feedback
card in this issue 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,

243

18

NASA Tech Briefs, January 1989




Elecironic Components and Circuits
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21 Capacitive Displacement Integrated Circuits Photovoltaic Modules
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Readout 26 Trends in Susceptibility to 44 Comprehensive Silicon-
21 Optimal Placement of Single-Event Upset Solar-Cell Program

Multiple Antennas

Low-Power Magnetic Current Sensor
Direct current is sensed via a saturable-core reactor.

NASA's Jet Propulsion Laboratory, Pasadena, California

A transducer senses a direct current
magnetically, providing isolation between
the input and the output. The detecting-
and-isolating element is a saturable reac-
tor, in which the input current (that is, the
current to be measured) passes through a
one-turn control coil. The transducer pro-
vides an output of 0 to 3 Vdc for an input
current of 0 to 15 Adc and consumes a
power of 22 mW at 10 Adc input.

Line driver U, excites the saturable re-
actor L, by feeding a 2.3-kHz square wave
through transformer T, (see figure). The
output of L, is rectified by the bridge rectifi-
er composed of diodes D5through D, then
amplified by operational amplifier U,,
which has a gain of 20.

Diodes D, and D, commutate the reac-
tive current fed back to the primary of T,
from L. Without these diodes, large reac-
tive voltage spikes on the primary would
waste power and could destroy U,. Filter

capacitor C, stores the energy fed back
through D, and D,,.

Tominimize core losses, the core of T, is
made of an alloy of 80 percent nickel/20
percent iron. To minimize capacitance, the
primary and secondary windings are inter-
leaved and progressively wound 350°. The
primary and secondary windings consist of
408 and 660 turns, respectively, of No. 34
wire [6.3 mils (0.16 mm) in diameter].

The current in the gate windings of L,
was specified to be 10 mA to keep the
power consumption low. L, comprises two
opposing gate windings of 1,500 turns
each. To minimize capacitance, each was
made by winding 750 turns of 350° pro-
gressively, applying insulation, then wind-
ing another 750 turns of 350° progressively
rotated 180° from the first winding. The
cores are matched and made of the same
material as that of the core of T,.

U, is a dual differential line driver that
provides sufficient power to drive T,. U,,
being a dual element, can be designed to
self oscillate and not require synchroniza-
tion at pin 1. If U, is used as an oscillator,
then C, and Cg can be omitted. U, was
chosen because its input common-mode
voltage includes ground and its output
voltage can swing to ground during opera-
tion from a single power supply.

This work was done by Colonel W. T.
McLyman of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 92 on the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, NASA Resident Office-JPL [see
page 18]. Refer to NPO-16888.

L
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The Low-Power Current Transducer provides an output voltage of 0 to 3 Vdc nearly proportional to the input current of 0 to 15 Adc. Because
the input is sensed magnetically, the output is electrically isolated from the input.
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Microwave Comb
Generator
Stable reference tones aid the

testing and calibration of
microwave receivers.

NASA'’s Jet Propulsion
Laboratory, Pasadena, California

A signal generator puts out stable tones
in the frequency range of 2 to 10 GHz at all
multiples of a reference input frequency,
which can be any frequency up to 1 MHz.
Called a “comb generator” because its
spectral plot resembles a comb, the circuit
is used in testing microwave and spread-
spectrum wide-band receivers. The design
and physical configuration of the circuit
result in a broad, relatively flat comb spec-
trum and high output.

The comb spectrum consists of the har-
monics of the repetition frequency of the
input pulses. The comb spectrum is gener-
ated in a step-recovery diode driven by a
two-stage, high-speed amplifier (see
Figure 1). The second stage of the ampilifier
acts as a switch that connects and discon-
nects a reverse-current source to or from
the step-recovery diode. A smaller
forward-current source is always con-
nected to this diode, and when the reverse-
current source is connected, it reverse-
biases the diode to cause the step voltage
recovery that generates the pulses. A
Schottky diode on the output of the second
amplifier stage keeps the output transistor
from saturating when the step-recovery
diode is turned off.

The forward and reverse current sourc-
es are provided by a dc bias circuit. The
amplitudes of the forward and reverse cur-
rents and, therefore, of the comb-genera-
tor output are proportional to the value of a
digital control word that is fed into a digital-
to-analog converter. The dc bias maintains
a constant ratio between the forward and
reverse currents when the control word
changes the amplitude, but the ratio is
varied by a thermistor to compensate for
the effects of the variation of temperature
on the step-recovery diode.

In the microwave portion of the circuit,
the output is taken across the inductor ele-
ment to eliminate the need for the dc block-
ing capacitor typically used in a step-
recovery-diode circuit. The microwave
circuit is connected to the driving circuit
through a low-pass filter that consists of
two chip capacitors at opposite ends of a
parallel-conductor, air-insulated transmis-
sion line. A loop of gold foil acts as the in-
ductor (see Figure 2). A sandwich consis-
ting of the step-recovery diode and one of
the chip capacitors is mounted in and con-
nected across the loop.

This work was done by E. H. Sigman of
Caltech for NASA’s Jet Propulsion Lab-
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Figure 1. In the Comb Generator, a dc reverse-bias current is switched on and off at 1 MHz to
generate sharp pulses in a step-recovery diode.
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Figure 2. The Microwave Components of the comb generator are mounted on the back of a
special connector that contains a built-in attenuator. The thickness of the inductor is shown

exaggerated for clarity.
oratory. For further information, Circle 57 on the TSP Request Card.  NPO-17004
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Capacitive Displacement Sensor With Frequency Readout
The frequency varies approximately linearly with displacement.

Lewis Research Center, Cleveland, Ohio

A simple displacement-measuring cir-
cuit senses the capacitance between two
parallel conducting plates and produces
an output signal, the frequency of which is
proportional to the distance between the
plates. Capacitive techniques are often used
to measure displacements. For example,
such methods have been used to measure
the displacement of a pressure-sensing
diaphragm and to control the separation of
two mirrors in an optical interferometer.
The displacement-sensing principle of this
circuit provides advantages over other
methods because of its frequency-en-
coded output and high linearity.

The parallel-plate capacitor is made part
of an operational-amplifier differentiator
circuit (see figure). A voltage-controlled
oscillator applies a sinusoidal signal to the
capacitor. The voltage that controls the
oscillator is supplied by a servocontrol cir-
cuit, which acts to adjust the frequency of
the oscillator so that the rms value of the
output of the differentiator is held fixed.
This, in turn, causes the frequency of the
oscillator to be proportional to the distance
between the plates. With plates 25 mm in
diameter, a linearity of 0.2 percent of full
scale and a resolution of 10 nm were ob-
tained for plate separations ranging from 0
to 5 mm.

This work was done by Klaus Fritsch of
John Carroll University for Lewis Re-
search Center. No further documentation
is available.
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The Frequency of the Voltage-Controlled Oscillator is nearly proportional to the distance be-
tween the plates of the parallel-plate capacitor for displacements up to 5 mm.

Optimal Placement of Multiple Antennas
Obscuration by the structure or vehicle is taken into account.

Lyndon B. Johnson Space Center, Houston, Texas

A computer program based on a pair of
algorithms selects approximately optimal
locations of antennas and the approxi-
mately optimal number of elements in
each antenna of a multiple-antenna com-
munication system. Developed to aidin the
design of the antenna system of a concep-
tual space station, the algorithms could
also be applied to such a system aboard a
ship or aircraft, on a building in a city, or in
any location where transmission and re-
ception are blocked in some directions
from each potential antenna-mounting
point.

The problem is to provide the required
directional coverage of antenna radiation
patterns with the minimum number of an-
tenna elements. One way to solve this
problem is to select the desired antenna
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positions, then compute and compare the
directional coverages provided by all pos-
sible combinations of numbers of antenna
elements and boresight angles (nominal
aiming directions). This “brute-force” ap-
proach is exact but requires astronomical
amounts of computing time in all but the

simpiast cases. The new program sacri-
fices some accuracy to yield solutions with
a reasonable amount of computation.

The first algorithm begins with the analy-
sis of the directions of obscuration at a
given antenna position (see Figure 1). On
the basis of the amount and direction of
obscuration, the algorithm selects an ini-
tial boresight angle. Then, making an
assumption about the radiation pattern of
each element and the orientations of ele-
ments relative to each other, it computes
the directional coverages of combinations

» 180
]
o Clear
8 S birections
s 90
E. Blocked
< Directions
s 0
o 0 90 180 270 360

Azimuthal Angle, Degrees

Figure 1. The Obscuration in the Field of View at a given antenna location is taken into ac-
count in the choice of the number of antenna elements to be mounted there.
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of different numbers of elements (see

Figure 2). Next, using a cost-versus-benefit

function supplied by the user, the algorithm

selects the number of elements to provide
the best overall antenna-gain pattern in the
unobscured directions.

The second algorithm begins by moving
the boresight around the initial boresight
angle in the search for a new boresight
angle that yields better coverage. If such
an angle is found, it is selected as the new
boresight angle. The search is repeated
until no other boresight yields better cover-
age. In practice, the angle that gives best
coverage is usually found in a few itera-
tions.

The two algorithms are integrated to ob-
tain the computer program, which finds the
optimum positions of up to four antennas
according to the following procedure:

1. Select a unique combination of loca-
tions available for the mounting of an-
tennas.

2.0btain the composite obscuration
pattern for this combination.

3.From the list of available positions,
select the one that offers the least ob-
scuration.

4.Analyze the obscuration pattern for
an initial boresight angle at this posi-
tion.

5.Select the number of elements for
this position.

6.Perform the iterative search for the
best boresight angle.

7.Eliminate this antenna position from
further consideration and return to

Z

One Element

s

Three Elements

lin,
1%

Two Elements

Four Elements

Figure 2. The Directional Coverages of combinations of as many as four antenna elements
are computed in the search for a combination to cover the clear portion of the field of view.

step 3.

8. After all combinations of numbers of
elements and boresight angles have
been tested, obtain another unique
set of available antenna locations
and return to step 2.

9. After all unique combinations of avail-
able locations, numbers of elements,
and boresight angles have been

tested, select the one that yields the

maximum coverage.

This work was done by Kyle W. Shelton,
Y. C. Loh, and K. Tu of Lockheed Engineer-
ing and Management Services Co. for
Johnson Space Center. For further infor-
mation, Circle 158 on the TSP Request
Card.
MSC-21291

Power-Supply-Conditioning Circuit

Fluctuations of voltage are suppressed in power supplies for precise radio-frequency circuits.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A power-supply-conditioning circuit sup-
presses both periodic and random devia-
tions of dc supply voltage from the desired
steady level. Essentially a highly-stable
feedback voltage regulator, the conditioner
is intended for use in conjunction with a
conventional power-supply circuit to pro-
vide a more nearly constant voltage to an
atomic frequency standard or other pre-
cise oscillator. Without such conditioners,
the outputs of most commercial power
supplies contain fluctuations that cause
unacceptably-large phase and amplitude
modulation of precise oscillators.

A voltage divider consisting of a con-
stant-current diode and a Zener diode (or
several Zener diodes in series)generates a
reference voltage (see figure). Assuming
that these two diodes are suitably matched
for operation in their specified ranges of
voltage and current, a fluctuation e; of the
input voltage V. is suppressed in the output
of the voltage divider by a rejection ratio of
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A Voltage Reference and a Feedback Voltage Follower are combined to suppress fluctua-

tions in the power-supply voltage.

eye; = rfr,+r,)
where e, = the fluctuation in the output of
the voltage divider, r, = the dynamic resist-
ance of the Zener diode, and r, = the dy-
namic resistance of the constant-current

diode. Representative values of r, and r,
are 15 Qand 50 kR, respectively, yieldinga
rejection ratio of about 3 x 10—,

The voltage reference operates at low
current — typically, a few milliamperes.
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The rest of the circuit acts as a voltage
follower; that is, a buffer between the high-
impedance, low-current voltage reference
and the high-current (typically as much as
several amperes), low-impedance output.
Feedback through the operational amplifi-
er regulates the current through the field-
effect transistor to reproduce the refer-
ence voltage at the output. With the proper
selection of components, the voltage
follower does not degrade the overall re-
jection ratio significantly.

The basic circuit concept can be varied
to suit a given situation. For example, two
such circuits can be concatenated to sup-
press fluctuations even further, and resis-
tors and bypass capacitors can be added
or deleted at various locations. A single-

Hybrid Infrared Imager

stage conditioner was built and tested by
adding an alternating voltage to the raw
power-supply voltage and measuring the
alternating voltage at the output. The rejec-
tion ratio was found to vary from 73.5 dB at
a frequency of 1 kHz to 51 dB at 10 kHz.

This work was done by L. E. Primas and
R. C. Loveland of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 89on the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, NASA Resident Office-JPL [see
page 18]. Refer to NPO-17233.

An experimental device has low noise and high uniformity.

NASA's Jet Propulsion Laboratory, Pasadena, California

An infrared imaging device combines
an array of InSb photodetectors with an ar-
ray of silicon field-effect-transistor (FET)
switches. The InSb chip forms a roof over
the Si chip, each InSb detector cell engag-
ing an indium bump on the corresponding
Si switch cell below it. As the FET switches
in the 128-by-128 array turn on in se-
quence, they read out the charges on the
128-by-128 array of photodetectors and
multiplex them in a serial output that rep-
resents the pattern of light on the array
of photodetectors.

When fully developed, the double-chip
device will be useful in sensitive infrared
cameras for astronomy, medicine, inspec-
tion, and military surveillance. It can read
out image data at rates up to 10 MHz and
can readily be expanded to a 256-by-256
array.

The multiplexer chip is 0.4 in. (1 cm)
square. The detector chip is 0.3 in. (0.76
cm) square. The pixels measure 50 um
square, and their centers are spaced
60 um apart. The assembled chips are
housed in a 3/4- by 3/4- by 1/8-in. (1.9- by
1.9- by 3.2-mm) package.

The multiplexer chip is first bonded to a
ceramic carrier for processing. The carrier
also serves as a base for the package. In-
dium bumps are plated on the switch cells
photolithographically. A similar set of in-
dium bumps is plated on the photodetector
cells (see figure), from the same photolith-
ographic mask, to ensure precise registra-
tion with the bumps on the multiplexer.

The detector chipis placed on the multi-
plexer chip, bump to bump. Pressure and
heat are applied so that the bumps bond
together. The outer surface of the InSb chip

Indium Bumps on an array of InSb photodetectors mate with similar bumps on the multi-
plexer. The rough texture of the bumps increases the contact area.
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(which is the substrate of the array of pho-
todiodes) is polished to reduce its thick-
ness to 10 um, enabling it to transmit light
more efficiently to the photodiode junc-
tions. Plans call for further reductions of
the thickness to only 5 um.

When tested at a temperature of 80 K,
the assembled device exhibited a noise of
only 950 electron charges. The uniformity

of responsivity differed among pixels by
only 8 percent. The nonuniformity of dark
current was even smaller — only about 5
percent.

This work was done by Gary C. Bailey of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 55
on the TSP Request Card.

NPO-17218

BIN Diode for Submillimeter Wavelengths

Uses would include mixers and harmonic generators in receivers

for atmospheric and space spectroscopy.

NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed diode structure comprising
barrier/intrinsic/n* (BIN) semiconductor
layers should be useful for the generation
of harmonics or for heterodyne mixing in
receivers for atmospheric and space spec-
troscopy operating at millimeter and sub-
millimeter wavelengths. Used as frequen-

cy doublers or triplers, diodes of the new
type would extend the frequency range of
present solid-state oscillators (e.g., GaAs
Gunn diodes). Although highly efficient and
tunable, such oscillators are currently limit-
ed to frequencies below about 100 GHz.
The proposed diode (see figure) would

Implanted
Al Contact or Alloyed
Contact
//// (/////// &
] BN
n++

Semi-insulating
GaAs Substrate

Polyimide

SINGLE BIN DIODE (DOUBLER OR MIXER)

Mott-Type Barrier
Sheet n++ Layer

nt+

Semi-insulating
GaAs Substrate

/\/

BACK-TO-BACK BIN DIODES (TRIPLER)

Semi-insulating

i i n++ Substrate
= L & A
230 nm =k
=— 100 to 400 nm ——=t——— 2to4um ——=|
3 Dopant Dopant .-
5 Concentration Concentration i
Depth e = = i
Fermi Bottom of
n++ Dopant Level Conduction
Concentration Band
~2x% 102 cm-2
! A 7
Al GaAs

ENERGY AND DOPING PROFILES

The BIN Diode can be produced in various configurations: a single diode for use as a fre-
quency doubler or mixer or a pair of diodes back-to-back for a frequency tripler. Also shown
are the energy and doping profiles of the diode.
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be formed by selective doping during
epitaxial growth, starting with a semi-insu-
lating substrate. The use of high-mobility
semiconductors like GaAs would extend
the cutoff frequency. Either molecular-
beam epitaxy (MBE) or organometallic
chemical-vapor deposition can be used to
form the layers of the diode. A planar
growth process (e.g., MBE) would permit
subsequent fabrication of arrays of diodes
by standard photolithographic technigues,
to achieve quasi-optical coupling of submil-
limeter radiation.

The new diode structure would over-
come difficulties encountered in the fabri-
cation of a recent thin metal-oxide/silicon
(T-MOS) design. Both the BIN and the
T-MOS devices would be much more ef-
ficient than the GaAs Schottky diodes cur-
rently used to generate harmonics. Unlike
the T-MOS structure, the BIN diode would
require no insulator layer but instead would
rely on a Mott-type barrier formed in the
semiconductor by selective doping. In ad-
dition, the intrinsic layer of the BIN diode
would provide an active space-charge-lim-
ited region that would result in enhanced
nonlinearities in the dependence of the ca-

pacitance upon voltage (especially at re-
duced operating temperatures) and mini-
mize the resistance.capacitance time
constant to maximize the cutoff frequency.

The back contact of the BIN diode
would be a heavily negatively doped (n* +)
layer, 2 to 4 um thick. A 100- to 400-nm
thick intrinsic or undoped intrinsic (i) layer
would provide the space-charge-limited
region. An n* + sheet of dopant with a den-
sitysthickness product of about 2 x 1012
atoms/cm? would terminate the Mott-type
barrier formed between the intrinsic layer
and the aluminum front contact. This sheet
should be as thin as possible (<2 nm) for
optimum performance.

This work was done by J. Maserjian of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 68
on the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, NASA Resident Office-JPL [see
page 18]. Refer to NPO-17258.

Testing Fixture for

Microwave Integrated Circuits
Devices can be characterized repeatably and nondestructively.

Lewis Research Center, Cleveland, Ohio

A testing fixture facilitates the radio-fre-
quency characterization of microwave and
millimeter-wave integrated circuits. The fix-
ture is intended to be used in conjunction
with an automatic network analyzer to pro-
vide the user with deembedded scattering
parameters of the device under test. The
fixture has been demonstrated to operate
from 26.5 to 40.0 GHz, and operation can
be extended to much higher frequencies.

Previous fixturing techniques have em-
ployed various styles of transitions from
test-system transmission media to the de-
vice under test, each such technique pos-
sessing some favorable attributes as well
as significant limitations. These limitations
include nonrepeatability, complexity, and
narrow bandwidth. In addition, these tech-
niques are often destructive to the devices
and tend to be labor-intensive. Further-
more, no known existing test fixture per-
mits chip-level characterization above 26.5
GHz.

In an effort to enhance the performance
of the new fixture, the number of its compo-
nents was minimized. The fixture includes a
base onto which two cosine-tapered ridge
waveguide-to-microstrip transitions are
fastened (see figure). The length and profile
of the taper have been determined analyti-
cally to provide maximum bandwidth and
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minimum insertion loss. Each cosine taper
provides a transformation from high im-
pedance of the waveguide to the charac-
teristic impedance of the microstrip.

The integrated circuit is mounted on a
customized carrier, which is inserted be-
tween the bottom of the ridge and the base
of the waveguide. The electric field is con-
centrated by the ridge and launched onto
the microstrip via direct pressure contact.
The carrier provides isolation between the
device under test and the test fixture as
well as bias-control circuitry. Control volt-
ages are applied to the carrier by use of a
self-aligned bias module with integral
spring-loaded contacts.

A “through, short, delay” calibration
algorithm is used to extract the scattering
parameters of the device. The basic cali-
bration establishes an ancillary reference
plane that subseguently can be shifted to
the terminals of the device.

The unique features of this fixturing
technigue include the following:

* Operation is over the full bandwidth of the
waveguide.

* The system is characterized at the level of
the chip at millimeter wavelengths.

* Nondestructive contact is made to the
carrier for both radio-frequency and di-
rect-current connections.
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Bias Module

Ridge Waveguide
Transition

Device Under Test

the network analyzer so that radio-fre-
quency measurements can be viewed in
“real time.”

¢ All network-analyzer features are main-
tained.

* The software is independent of frequency.

This work was done by Robert
Romanofsky and Kurt Shalkhauser of
Lewis Research 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, Lewis
Research Center [see page 18]. Refer to
LEW-14746.
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they are available from the National
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due to irradiation by heavy ions. The report
combines new test data and previously
published data from governmental and in-
dustrial laboratories. Clear trends that
emerge from the data should be useful in
predicting the future performances of de-
vices.

The data are arranged in two tables.
Table 1 lists data for 104 metal-oxide/
semiconductor (MOS) and metal-nitride-
oxide/semiconductor (MNOS) integrated
circuits. Table 2 gives data for 82 bipolar in-
tegrated circuits.

Each circuit is described by function,
fabrication technology, manufacturer, test-
ing organization, number of bits or gates,
linear energy transfer threshold, device
upset cross section, and upset cross sec-
tion per bit. A remarks column notes the
presence of latchup and anomalies.

The most important fact that emerges
from the tabulated data is that most of the
MOS devices [except negatively-doped-
channel MOS (NMOS) devices] are less
susceptible to single-event upset than are
other types of devices. Aimost all the bipo-
lar devices, except logic devices of the
54XXX family, are more susceptible.

Both complementary metal-oxide/semi-
conductor (CMOS) and bipolar read-only
memories (ROM’s), including program-
mable ROM'’s, are subject to apparent
upsets even though they have no circuit
elements with bipolar states. Radiation-
hardened parts (resistant to high total
doses) are sometimes more resistant to
single-event upsets.

Electrically alterable ROM's made by
MNOS technology are not subject to soft
errors, but they may be permanently dam-
aged by heavier ions. The probability of
damage increases with the frequency of
erasing and writing because permanent
damage can occur only when a high elec-
tric field is present in the gate insulator.

This work was done by Donald K.
Nichols and William E. Price of Caltech,
Wojciech A. Kolasinski and Rukotaro
Koga of The Aerospace Corp., Alvin E.
Waskiewicz of Rockwell International
Corp., and James C. Pickel and James T.
Blandford of IRT Corp. for NASA’s Jet
Propulsion Laboratory. 7o obtain a copy
of the report, “Trends in Parts Susceptibili-
ty to Single Event Upset From Heavy lons,”
Circle 128 on the TSP Request Card.
NPO-17147

Spread of Charge From
lon Tracks in
Integrated Circuits

Single-event upsets spread to

adjacent memory cells.
Single-event upsets (SEU’s) — which

are reversible changes in logic states,

caused by impacts of heavy ions — can
propagate to adjacent cells in integrated
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memory circuits. This is one of the findings
of experiments in the lateral transport of
electrical-charge carriers from ion tracks
in 256K dynamic random-access memo-
ries (DRAM'’s). As the dimensions of inte-
grated circuits decrease, the vulnerability
to SEU's increases. The understanding
gained through this and future studies may
enable the design of less vulnerable cir-
cuits.

An energetic ion that strikes an inte-
grated-circuit chip perpendicularly to its
surface produces electrons and holes
along the ion track. If the track intersects a
charge-collecting junction, some of the
charge is collected promptly along the
track with the help of electric-field-funnel
transport. However, if the track is longer
than a few microns, the electric field is
restored to its original configuration (the
funnel collapses) before all the charge is
collected, leaving the remaining charge to
diffuse outward from the track in all direc-
tions. Furthermore, if the ion track does not
intersect a charge-collecting junction,
nearly all of the charge diffuses outward.

The portion of the charge that diffuses to
(or along) the surface of the chip can be
captured by other charge-collecting junc-
tions, possibly causing SEU's in the mem-
ory cells containing those junctions.
DRAM's are particularly suitable for meas-
urements of this phenomenon, because
maps of bit errors around ion tracks in
these circuits are direct indications of
which memory cells have received at least
the critical charge, Q, for SEU. For exam-
ple, in one experiment, bit errors occurred
in a cluster of eight memory cells, one of
which was struck by a 168-MeV bromine
ion. This is consistent with independent
measurements that show that the cross
section for SEU by a 168-MeV bromine ion
is eight times the area of one cell in the par-
ticular memory circuit.

The critical charge of a DRAM cell is
givenby Q. = QVpp—Vg) where C = the
cell storage capacitance, V,, = the sup-
ply voltage, and Vi = the input bias voltage
of the sensing amplifier. Thus, the vulnera-
bility of the cells to SEU can be increased
or decreased by adjustment of Vj,, or V.
This makes it possible to extract more
information from ion-impact tests by ex-
panding or shrinking clusters of bit errors
around a single ion track or by inferring a
“gray-scale” map of the charge distribu-
tion about a single track from measure-
ments about multiple tracks.

This work was done by John A.
Zoutendyk, Harvey R. Schwartz, and R.
Kevin Watson of Caltech, and Leland R.
Nevill of Micron Technology, Inc., for
NASA’s Jet Propulsion Laboratory. To
obtain a copy of the report, ‘Lateral
Charge Transport From Heavy-lon Tracks
in IC Chips," Circle 118 on the TSP Request
Card.
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Improved Bipolar
Separator for Lead
Acid Batteries

The new separator would
prolong battery life.

A new design for a bipolar separator
would consist of a polyethylene plate 0.01
in. (0.25 mm) thick and glass mats 0.01 in.
(0.25 mm) thick, bonded to both faces of
the plate. Loosely woven scrims of chemi-
cal glass 0.01 in. (0.25 mm) thick, bonded
to the glass mats, hold the active material.
The glass mats and the scrims are attached
by glue. The new separator design would
reduce the loss of the active material, thus

prolonging battery life.

This work was done by Wally E. Rippel
and Dean B. Edwards of Caltech for
NASA'’s Jet Propulsion Laboratory. For
further information, Circle 74 on the TSP
Request Card.

Title to thic invention has been waived
under the provisions of the National Aero-
nautics and Space Act [42 U.S.C. 2457(f)],
to the California Institute of Technology. In-
quiries concerning licenses for its com-
mercial development should be addressed
to

Edward Ansell

Director of Patents and Licensing

Mail Stop 301-6

California Institute of Technology
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page number.

Endurance Tests of
Amorphous-Silicon
Photovoltaic Modules

Failure mechanisms in high-
power service are studied.

A report discusses the factors that af-
fect the endurance of amorphous-silicon
solar cells. The report is based on field
tests and accelerated aging of photovol-
taic modules. The report concludes that
aggressive research is needed if amor-
phous-silicon modules are to attain a 30-
year life — the value that the U.S. Depart-
ment of Energy has established as a goal
for photovoltaic modules in commercial
energy-generating plants.

Research topics of high priority include
the following:

* Defects induced by light that degrade the
outputs of photovoltaic cells;

* Corrosion of cells and the increased series
resistance that results;

* The breaking strength of glass for large
modules; and

* The development of protective encapsu-
lants to prevent weathering and maintain
high-voltage isolation.

Amorphous-silicon modules from lead-
ing manufacturers were subjected to
standard qualification tests. They were
also aged in the field under ambient condi-
tions and at fixed temperatures of 70, 85,
and 100°C. They were given long-term
tests at a temperature of 85 °C and relative
humidities of 5 and 85 percent with various
bias voltages, and they were subjected to
laboratory tests for hotspots and corrosion.
The overall method followed that devel-
oped earlier for crystalline-silicon modules.
The researchers found that although the
qualification tests for crystalline-silicon
modules are useful, they do not excite the
principal mechanisms that degrade amor-
phous-silicon modules.

The following failure mechanisms were
evaluated: open circuits between cells,
short-circuited cells, effects induced by
light, gradual loss of power in cells, opti-
cal degradation of modules, front-surface
soiling, breakage of glass in modules, open
circuits between modules, hotspots in
modules, failures of bypass diodes, short
circuits between modules and ground, and
delamination of modules.

This work was done by Ronald G. Ross,
Jr., and Russell S. Sugimura of Caltech for
NASA’s Jet Propulsion Laboratory. 7o
obtain a copy of the report, “Long-Term Ex-
perimental Testing of Silicon Modules,"
Circle 8 on the TSP Request Card.
NPO-17304
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Processing SAR Images on Board
Images would be produced faster, and data-transmission requirements would be reduced.

NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed synthetic-aperture radar
(SAR) processor would operate aboard the
moving radar platform, turning the raw
signal data into images of the scanned ter-
rain. In conventional SAR systems, the raw
data are either transmitted to stations on
the ground or else recorded on magnetic
tape by high-density digital recorders
(HDDR's) for subseqguent processing on
the ground. The principal advantages of
the proposed system are that it would
make SAR images available almost imme-
diately and that the processed data to be
transmitted or recorded would be only
about one-fifth as voluminous as the raw
data. Onboard image compression could
reduce the volume of data even further.

The processor would generate four-look
imagery from the raw data by use of a time-
domain parallel-accumulator approach. In
most SAR processors, the correlation of
the radar signals with the range response
functions is performed before the correla-
tions with the azimuth response functions
because doing so eases the flow of data

and the correction for range migration. In
this processor, the number of azimuth cor-
relators (and, therefore, the power and
weight of the system) would be reduced by
performing the azimuth correlation first.

The six functional elements of the con-
ceptual SAR processor are the input data
conditioner, the azimuth processor, the
range processor, the multilook processor,
the output data conditioner, and the control
processor (see figure). The control proc-
essor is connected to the other functional
elements through a control bus.

The input data conditioner reduces the
rate of the SAR echo data. It receives the
raw digital SAR signal from a real-time
radar source or from a HDDR on board. It
synchronizes the echo and radar-pulse
signals, extracts position and scanning in-
formation from the header on the raw data
signal, and converts the input real data
samples into complex-arithmetic samples
for use by the azimuth processor.

The azimuth processor includes two sin-
gle-look parallel modules, each of which

consists of an azimuth presum filter and an
azimuth correlator. Each presum filter ap-
plies a filtering operation to consecutive
samples, then performs downsampling to
reduce the data rate by a factor of 3. Each
azimuth correlator removes the effect of
range walk and range curvature, then per-
forms the azimuth compression necessary
to achieve the desired azimuth resolution.

Each of the two azimuth outputs is sent
to one of two modules in the range proces-
sor. Each module contains a range correla-
tor, which performs the range compression
necessary for the desired range resolution.
At high look angles, the range-correlator
output is sent through the range presum-
mer, which extracts two range looks and
feeds the results to the multilook proces-
sor. At low look angles, the output of the
range correlator is divided into two sub-
swaths and sent directly to the multilook
processor.

The multilook processor includes the
magnitude detector, which detects the
complex magnitude of the correlated data.
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The Onboard SAR Processor would form images of the scanned terrain, thereby reducing the amount of data to be stored or transmitted.
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It also includes the multilook summer,
which incoherently sums all range and
azimuth single-look data to obtain the
multilook images.

The output data conditioner consists of
the range resampler and the output inter-
face unit. At low look angles, where the
range pixel spacings are finer than re-
quired, the conditioner reduces the output
pixel spacings so that the number of sam-
ples per range line can be kept constant. At
high look angles, the output of the muiltilook
summer is sent to the output interface unit
directly, bypassing the range resampler.
The output interface unit merges the out-

put-header and synchronization-code in-
formation with the processed images from
either the range resampler or the multilook
summer (depending on look angles).

The control processor consists of the
autofocus and clutterlock unit, the refer-
ence-function generator, and the control
unit. The autofocus and clutterlock unit
tracks the Doppler frequency and the
change in the rate of change of the Dop-
pler frequency from the multilook data. The
reference-function generator generates
the azimuth reference function needed for
azimuth compression, based on the Dop-
pler parameters received from the control

unit. The control unit generates the proc-
essor-configuration-control information
and the range reference function based on
the received header data. It also estimates
the new Doppler freguency and the rate of
change of the Doppler frequency, based
on the data received from the autofocus
and clutterlock units.

This work was done by Kuang Y. Liu and
Wayne E. Arens of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 159 on the TSP Request
Card.

NPO-17195

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.

Terrain-Following/Terrain-
Avoidance System
for Helicopters

Numerical simulations
will be followed by
piloted simulations.

A report describes the early stages of
development of a control system that will
enable a helicopter to follow automatically
the contours of the terrain below it and
avoid collisions with the terrain. The report
focuses on the optimization of the algo-
rithm for the generation of the flightpath
with respect to several variables, the de-
velopment of a controller to position the
helicopter precisely along the terrain-fol-
lowing/terrain-avoidance (TF/TA) flight-
path, and integration of the flightpath-
trajectory software with flightpath-control
software.

The trajectory-generating algorithm first
generates the horizontal components of
the trajectory between specified way

points, then generates the vertical com-
ponents to maintain the required clear-
ances above the ground. The algorithm
evaluates prospective flightpaths and
ranks them according to a cost function
that penalizes altitude and lateral deviation
from the reference flightpath. A parameter
in the cost function can be varied to obtain
more terrain following at the expense of
terrain avoidance, or vice versa.

A mathematical model of an 18,000-b
(8,200-kg) helicopter, a digital terrain-data
base, trajectory-generation software, and
the flightpath controller were combined to
produce an off-line computer simulation of
the complete terrain-following/terrain-
avoidance system. This model will be used
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to optimize the system for an anticipated
piloted simulation in the Vertical Motion
Simulator at Ames Research Center.

Since the guidance software requires a
finite time (about 5 seconds) to compute
the trajectory for flight over a new patch of
ground that lies ahead, the aircraft states
at the start of a patch have to be predicted
on the basis of current states and the tra-
jectory for the current patch. Each time the
trajectory for a new patch is computed, the
solution is passed to the flightpath con-
troller, which then provides control inputs
to the helicopter model.

Preliminary results of the numerical sim-
ulation show that the trajectory-generating
algorithm seeks valleys while maintaining
the nominal reference course and that the
flightpath controller provides helicopter-
control inputs to maintain the desired tra-
jectory. These results indicate that the
guidance and flightpath-control software
are functioning adequately. Nevertheless,
detailed analysis of the integrated system
will be required before the piloted simula-
tion can be carried out.

This work was done by Dan W. Dorr of
Ames Research Center. Further informa-
tion may be found in NASA TM-88323
[N87-13122/NSP], “Rotary-Wing Aircraft
Terrain-Following/Terrain-Avoidance Sys-
tem Development.”

Copies may be purchased [prepayment
required] from the National Technical In-

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

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center [see page 18].
Refer to ARC-11731.

Design and Analysis
of Optical
Communication Links

The signal-to-noise ratio
alone does not indicate the
level of performance.

A report presents a method of design
and analysis of an outer-space optical
communication link that uses pulse-posi-
tion modulation (PPM) and in which the
received signal is sufficiently weak to re-
quire detection by a photomultiplier
operating in the photon-counting mode. In
such a system a traditional intuitive under-
standing of radio-frequency communica-
tions does not lead to an adequate method
of design and analysis. Although the bit
signalto-noise ratio suffices to rank the
performance of a radio-frequency system,
the performance of an optical system
depends on the signal and noise powers in
a more complicated way. The report is an

attempt to convey to prospective design-
ers an intuitive understanding based on the
unique characteristics of optical communi-
cation systems.

The dominant limitation on performance
is usually not due to noise originating in the
receiver (as in the radio-frequency case)
but rather is due to the received back-
ground noise. Because of this and be-
cause of the peculiarities of photon-count-
ing statistics, an evaluation of performance
involves the following three basic steps.

Step 1 requires some knowledge or as-
sumptions about the parameters of the
transmitter and receiver. The average
number of signal photons dqtected per
signal pulse is calculated from'the size of
the receiver aperture; the energy of each
pulse; the divergence of the transmitted
light beam; the wavelength; the transmis-
sion distance; the quantum efficiency of
the detector; and attenuation in the trans-
mitting optics, the receiving optics, and the
atmosphere.

Step 2 is the determination of the
average number of background-noise pho-
tons detected during a PPM timesiot. This
number depends on the slot time; the re-
ceiver characteristics considered in step
1; the size of the receiver field of view; and
the sizes and luminosities (at the designat-
ed wavelength) of stars, planets, or other
optical-noise sources within the field of
view.
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In step 3 the average number, Pg, of
signal photons detected per signal pulse is
compared with the average number, Py, of
noise pulses detected per PPM timeslot. To
enable an assessment of performance, the
comparison is made by reference to a plot
; of the P that would be required to achieve
agiven bit-error rate at a given Py: this plot
is a function that depends on the particular
PPM code. If the data are transmitted in a
Reed-Solomon or other error-correcting
code, the required Pgis lower.

The three steps would ordinarily be per-
formed in the above order in the analysis of
an existing or proposed system. However,
the steps can be performed in any order
suitable to a specific task: for example, in
designing a system that must achieve a
specified bit-error rate, noise-photon
figure, or signal level, it is best to do step 3
first.

This work was done by J. R. Lesh, W. K.
Marshall, and J. Katz of Caltech for
NASA’s Jet Propulsion Laboratory. To
obtain a copy of the report, “A Simple
Method for Designing or Analyzing an Op-
tical Communication Link” Circle 106 on
the TSP Request Card.

NPO-17017

Photovoltaic Generation of
Power by Utilities

Recent publications
are surveyed.

A bibliography of recent documents on
photovoltaic generation of electric power
is divided into two subject areas: (1) cen-
tral-station systems and (2) residential and
intermediate systems. These classifica-
tions are further divided into design op-
tions, performance modeling, construction
experience, operating experience, eco-
nomics and costs, and integration with utili-
ties. Reports, papers, and books are in-
cluded.

The emphasis is on central stations
and large intermediate systems. However,
some documents address the utility inter-
face issues in terms of residential systems
and their effects on utilities. In addition,
references to some stand-alone systems
are included because they address design
issues and solutions to problems shared
with utilities.

N EGis o ‘ . SP The_bibliographylisf(s 79 refgrences. For
ALMOND INSTRUMENTS \ Navy e Navy P rv:)%stg r:tt Sprowdes a brief description of the
\ o ;

This work was done by Russell S.
Sugimura of Caltech and Joan M. Wood of
the Tennessee Valley Authority for
NASA’s Jet Propulsion Laboratory. To
obtain a copy of the bibliography, “Utility
Application of Photovoltaic Power Genera-
\ tion: A Survey of Recent Literature,” Circle
60 on the TSP Request Card.
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Photovoltaic Hydrogen Sensor
The quantum efficiency of a cell decreases in the presence of hydrogen.

NASA's Jet Propulsion Laboratory, Pasadena, California
A photovoltaic device that senses hy-

drogen has been developed to test the
degradation of diodes that have platinum Front Surface
flash gates (thin platinum coats) on their
backs. The sensing element is a p/n junc-
tion rather than a conventional Schottky 8%
barrier or metal oxide/silicon field-effect ;
transistor. The hydrogen-indicating electri-
cal signal is modulated optically rather
than electrically. P
The device (see Figure 1) includes a
positively doped (p) substrate and a nega- Amnrriate
tively doped (n) front layer. A passivating 7/ ////
layer of oxide 20 A thick is grown on the Si0,
back, followed by a layer of platinum 10 to

20 A thick (platinum flash gate). Electrical 204
contacts are made to the p and n regions H+ H+ H+ H+
but not to the platinum. When light is inci- o1

Iough e i P and e leyors and o OOOO0OOOOOOO

absorbed in the silicon, where it generates

electron/hole pairs. The p/n junction sepa- ’
rates the electrons from the holes, and the
current collected through the contacts is P

directly proportional to the absorption of

: s : : Incident Light
light in the silicon, as in ordinary photovol- .

taic cells. _ . Figure 1. The Layered Structure of the Hydrogen Detector and its principle of operation re-
Because Pt has a work function that is semble those of a silicon solar photovoltaic cell.

high in comparison with that of p-type sili-
con, it creates a region of accumulated
positive charge at the back surface. When
hydrogen is present at the surface of the 0521
platinum, it causes a decrease in the ac- Start 1
cumulation field at the surface of the sili-
con, probably by the formation of a dipole 0.50
layer at the PY/SIO,, interface. This change
in the accumulation field degrades the
quantum efficiency of the device, thereby
causing a decrease in photocurrent. The
amount of decrease depends on, and can
therefore be used to indicate, the relative
concentrations of hydrogen and oxygen.

As shown in Figure 2, the sensor gradu- -
ally approaches a steady, decreased value o4 ¢ & : L
of quantum efficiency about half an hour Sy 5 10 15 20 25 30
after the hydrogen atmosphere is intro- Time, Minutes
duced. The removal of the hydrogen at-
mosphere restores the full quantum effi-
ciency in less than 1 minute. The device is Figure 2. The Hydrogen Detector Responds to hydrogen in the atmosphere within minutes
most sensitive at a wavelength (about and recovers quickly when the hydrogen is removed.

Restore
1 Atmosphere
Air

0.48 1

0.46 -

Quantum Efficiency
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4,000 A) at which most of the light is ab-
sorbed at a depth of a fraction of a micron
from the back surface.

This work was done by Taher Daud,
James R. Janesick, and John Lambe of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 48
on the TSP Request Card.

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

Edward Ansell,

Director of Patents and Licensing

Mail Stop 301-6

California Institute of Technology

1207 East California Boulevard

Pasadena, CA 91125
Refer to NPO-17124, volume and number
of this NASA Tech Briefs issue, and the
page number.

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.

Evolution of Cenospheres

Microscopy reveals changes
in structure during
combustion.

Experiments have been performed to
trace the evolution of the structures of
droplets of burning fuel oil. Many droplets
burn incompletely, forming cenospheres.
Knowledge of the structure at various
stages of the combustion process may
contribute to efforts to design equipment
that will burn the cenospheres.

The experimental burner was designed
for No. 2 fuel oil but fed with No. 6 fuel ail,
which is 500 times as viscous at room tem-
perature. The oil was preheated to 380 °F
(193 °C) to reduce its viscosity and sprayed
in a cone 80° wide at a pump pressure
of 130 psig (0.90 MPa). Residues that
emerged from the flame were collected
on glass plates.

The residues were coated with thin
layers of gold/palladium alloy to enhance
the reflection of electrons, then examined
by scanning-electron microscopy. Several
different types of particles were found, in-
cluding partially-burned spherical oil drops,
cenospheres, and clusters of bubbles. The
partially-burned oil drops had very smooth
surfaces and ranged in size from 40 to
60 um. Most of the cenospheres had sizes
ranging from 7 to 40 um; some were larger
than 70 um. The cenospheres had pores of
various sizes, indicative of degrees of dis-
ruptive motion of fuel vapor inside. Some

NASA Tech Briefs, January 1989

holes contained pores within pores. Some
cenosphere had fewer holes, possibly
because they were not burned completely.
Some cenospheres were covered with
loose, fuzzy soot. The more porous ceno-
spheres appear to be more completely
burned. The residues also contained
clusters of bubbles ranging in size from 80
to 130 um.

Because large numbers of droplets
are exposed to a variety of environments
in and around the combustion zone, the
observed structures are believed to repre-
sent all stages of the formation of ceno-
spheres and suggest the following se-
quence of events. In a droplet destined to

become a cenosphere, initially the volatile
components at the surface and those that
diffuse to the surface evaporate to form a
diffusion-type flame. The removal of the
volatile components leaves behind a vis-
cous shell of asphaltene and resin. The
shell slows further diffusion of volatiles; but
as the temperature rises inside, additional
volatile material vaporizes, causing the
drop to expand. Eventually, the volatile ma-
terial forces its way out, forming a blowhole
in a weak spot of the shell. The shell then
contracts by surface tension. At the end of
vaporization, a hollow shell remains. Also,
ejection of gaseous fuel may blow a part of
the viscous surface of adrop into a bubble.

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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Then the bubbles formed from the same or
adjacent pores may coalesce, forming
large clusters of bubbles.

This work was done by Eug Y. Kwack,
Parthasarathy Shakkottai, Paul F. Massier,
and Lloyd H. Back of Caltech for NASA’s
Jet Propulsion Laboratory. 7o obtain a
copy of the report, “Particulate Structure in
Heavy Fuel Oil Burner Experiments,” Cir-
cle 58 on the TSP Request Card.
NPO-17239

Characteristics of
Cenospheres

Porosity, other structural
features, and composition
have been examined.

Physical and chemical studies have been
conducted to determine the structure and
composition of cenospheres — the small,
carbonaceous spheres produced by liquid-
phase cracking of the burning droplets of
heavy fuel oil. The cenospheres, which
burn more slowly than does the original
fuel, contribute to deposits, high-tempera-
ture corrosion, emissions of particles, and
reduced efficiency of combustion in oil-
fired furnaces and boilers, accounting for
as much as 3 percent of the original fuel in
some droplets. These studies should con-
tribute to efforts to burn fuel oil more com-

pletely to avoid the deleterious effects of in-
complete combustion.

Examinations by optical and scanning-
electron microscopy showed that a typical
cenosphere is hollow, is spheroidal with an
outer diameter of 20 to 200 um (that is, 1.3
to 1.4 times the inner diameter), and has at
least one blowhole that extends from the
hollow core through the shell. The diame-
ters of blowholes range from 10 to 50 per-
cent of the diameters of the cenospheres.
The shells are porous — the larger ones
appearing spongelike, the smaller ones ap-
pearing smoother but containing many
pores a few micrometers in diameter. The
solid portions appear flaky or layered, and
the spaces between flakes or layers may
contribute to microporosity.

Measurements by mercury-intrusion
porosimetry and adsorption of gases
showed that the large pores contribute
most to the total pore volume while the
small pores contribute most to the total
surface area. A combination of mercury-in-
trusion and helium-displacement pycnom-
etry yielded a density of about 2.4 g/cm3
and showed that only about 18 percent of
the volume of a typical cenosphere is oc-
cupied by solid material. These observa-
tions are consistent with the hollow, porous
structure established microscopically.

Standard semiquantitative elemental
and spectrographic chemical analyses
showed that the cenospheres contain rel-

atively high concentrations of sulfur (3.8
percent), iron (5.5 percent), sodium (0.3
percent), and vanadium (0.1 percent). Pre-
vious studies have shown that these ele-
ments may contribute to corrosion where
cenospheres are deposited on heat ex-
changers. However, the measurements
also showed concentrations of magnesi-
um (3.5 percent) and calcium (0.2 percent),
both of which are constituents of additives
that are sometimes mixed with fuel oils to
inhibit corrosion.

This work was done by Richard M.
Clayton and Lioyd H. Back of Caltech for
NASA’s Jet Propulsion Laboratory. 7o
obtain a copy of the report, “Physical and
Chemical Characteristics of Cenospheres
from the Combustion of Heavy Fuel Oil,”
Circle 36 on the TSP Request Card.
NPO-17236

Oxidation of Reflectors
Through Pinholes in
Coatings

Impacts of particles create
paths for corrosion by
monatomic oxygen.

A report describes experiments to de-
termine the effects of monatomic oxygen
on reflectors that have been damaged by
hard particles. The report applies to reflec-
tors for solar dynamic power systems in

; 7?61894-4000 wa 710/264-1264, Telecopier 716/694-1450
Call Toll Free 1-800-333-5300

, N. Tonawanda, NY 14120

Circle Reader Action No. 474
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low orbit around the Earth, where neutral
monatomic oxygen is the major constit-
uent of the atmosphere. This species is
highly corrosive and attacks a variety of
materials.

In the experiments, silver mirrors with
protective coatings were subjected to
streams of 27-um alumina particles to
create pinhole defects. In each case, the
protective coating was a layer of silicon
dioxide about 2,200 A thick on a layer of
aluminum dioxide 700 A thick on the silver.
Samples were prepared on both graphite/
epoxy composite and fused-quartz sub-
strates. After erosion by the alumina par-
ticles in a commercial abrasive-blasting
machine, the samples were exposed to
monatomic oxygen in an air plasma acti-
vated by continuous-wave radiation at a
frequency of 13.56 MHz. The combined ef-
fects of the hard particles and the oxygen
plasma were examined by both reflect-
ance measurements and scanning elec-
tron microscopy.

It was evident that a coating cannot pro-
tect indefinitely against degradation by oxy-
gen plasma when pinhole defects are pres-
ent. In the samples on the graphite/epoxy
substrates, the substrates as well as the
mirrors were oxidized through the pin-
holes. Undercutting, once it began, pro-
ceeded at a rapid rate. At undercut sites,
the surfaces collapsed, indicating that the
underlying support of the mirror was disap-
pearing.

In samples on fused-quartz substrates,
the silver oxidized at a slower rate. The sil-
ver oxide protruded through the pinholes,
indicating that there was insufficient space
beneath the protective coatings to accom-
modate the expanding oxide. This would
be expected if the substrate were not oxi-
dizable, as was the case for fused quartz.

A mirror would have to be in low orbit
around the Earth for a long time before a
significant number of pinholes developed
as a result of micrometeoroid or space-de-
bris impacts. It is more likely that pinholes
would develop during manufacturing, trans-
portation, and deployment. Whatever their
sources, the defects would have to exist in
space for an extended period before the
loss of reflectance from oxidation would be
appreciable. It would be necessary to test
a mirror sample in orbit to determine the
precise rate of loss of reflectance.

This work was done by Daniel A. Gulino
of Lewis Research Center. Further infor-
mation may be found in NASA TM-88874
[N87-11838/NSP], “Effect of Hard Particle
Impacts on the Atomic Oxygen Survivabili-
ty of Reflector Surfaces With Transparent
Protective Overcoats.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra fee
by calling (800) 336-4700. LEW-14649
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The DVS-3000 makes real-time image enhancement simple.
With a remote control at your fingertips, even sophisticated
enhancements are a snap. And with no keyboard to learn,
you probably already know how to operate it!
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Acetylene-Terminated Aspartimides and Derived Resins
New polymers and derived blends exhibit improved processability and properties.

Langley Research Center, Hampton, Virginia

Structural resins with favorable combi-
nations of such properties as long-term en-
vironmental durability over moderate tem-
perature ranges, tolerance to damage, and
resistance to solvents are required for use
in hot areas on advanced and commercial
aircraft. The new toughened epoxies ex-
hibit excellent properties, but the use tem-
peratures are limited. Bismaleimide resins
are some of the base materials being form-
ulated to develop materials that have mod-
erate use temperatures. Accordingly, work
has been conducted on the use of the acet-
ylenic (ethynyl) group to cross-link and ex-
tend the chains of oligomers and polymers
to obtain materials that can perform at
higher temperatures. This work has been
extended to include acetylene-terminated
aspartimides (ATA's).

Novel ATA's were prepared from the re-
action of 3-aminophenylacetylene with
aromatic bismaleimides and also from the
reaction of N-(3-ethynylphenyl)maleimide
with aromatic diamines. These ATA's ex-
hibited lower melt temperatures (better
processability), higher fracture toughness
(better resistance to impact), and better
adhesive properties than those of compa-
rable bismaleimides. Novel blends of these
ATA's with acetylene-terminated polyaryl-
ene ethers were prepared and evaluated
as moldings, adhesives, and composite
matrices. These cured materials exhibited
good fracture toughness, resistance to sol-
vents, and adhesive and composite prop-
erties.

For example, the ATA from the reaction
of 3-aminophenylacetylene and N,N"bis-
maleimido-4,4"-diphenylmethane was

) o
Hc-c-@—nn NH—@—C-CH
N N
o 0
+

CH,

0070 00O Lo

l Heat

Cured Tough Resin

A Blend of an acetylene-terminated aspartimide and an acetylene-terminated sulfone oligo-

mer is heated to produce a cured tough resin.

blended with an equal weight of an acety-
lene-terminated sulfone oligomer (see fig-
ure). The resulting blend was then molded
and cured. A fracture-toughness (K,
critical stress intensity factor) value of ap-
proximately 1,400 psi« in.”2 (1.5 MPa.m"2)
was obtained from a specimenmolded ata
temperature of 230 to 250 °C and a pres-
sure of about 60 psi (0.4 MPa) for 0.5 h.
This specimen was not affected by methy-
lene chloride or other solvents. Titanium-
to-titanium specimens of the blend provid-
ed average tensile shear strengths of
3,600 psi (25 MPa) at 25 °C, 3,200 psi (22
MPa) at 177 °C, 3,000 psi (21 MPa) at
177 °C after 1,000 hours, and 2,600 psi (18
MPa) at 203 °C. The tested specimens ex-
hibited predominantly cohesive failure. The
flash from one specimen exhibited a glass-
transition temperature of 194 °C.

A prepreg of carbon/graphite fabric was
solution-coated with the blend and used to
fabricate a final composite with a resin

content of approximately 41 percent. The
resulting composite at 25 °C exhibited flex-
ural strength, flexural modulus, and short-
beam shear strength of 93,500 psi (645
MPa), 7,575,000 psi (52.2 GPa), and 8,600
psi (59 MPa), respectively. At 177 °C, the re-
spective values were 87,800 psi (605 MPa),
6,266,000 psi (43.2 GPa), and 7,200 psi (50
MPa).

This work was done by Paul M.
Hergenrother of Langley Research Cen-
ter, John W. Connell of Virginia Common-
wealth University, and Stephen J. Havens
of PRC Kentron, Inc. For further informa-
tion, Circle 110 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, Langley Research Center [see
page 18]. Refer to LAR-13730.

Detecting Residues on Grit-Blasted Surfaces

Fluorescent or iridescent additive would reveal unwanted deposits.

Marshall Space Flight Center, Alabama

The addition of a fluorescent or irides-
cent material to plastic grit particles has
been proposed for the detection of grit resi-
dues after grit-blast cleaning. Residual
films would be visible by observing grit-

40

blasted surfaces under infrared or ultravio-
let light.

The embedded residues, which are vir-
tually impossible to detect otherwise,
sometimes prevent the proper adhesion of

paint or other coatings to grit-blasted
surfaces. There is also evidence that the
embedded grit and/or surface contamina-
tion may increase stress corrosion and re-
duce fracture strength.

The fluorescent or iridescent material
would be added to both the urea formalde-
hyde grit particles and the monomolecular
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Plastic Grit would contain a fluorescent or iridescent additive in its core and its coating. Wherever the grit material became embedded, the
additive would make it visible under infrared or ultraviolet light.

layers of antistatic material on the surfaces
of the particles (see figure). The fluores-
cence or iridescence would not only reveal
the presence of the residue but would also
show, by increasing frequency of deposits,
that the antistatic coating has been worn
off much of the grit or that the grit is becom-
ing too fine and should be replaced.

The concept may also be applicable to
other grit materials. For example, the fluo-
rescent or iridescent material could be
added to particles of glass, silicon carbide,
aluminum oxide, or zirconium silicate.

This work was done by H. L. Novak and
L. M. Zook of United Technologies Corp.

for Marshall Space Flight Center. No fur-
ther 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 18] Refer to
MFS-28276.

Low-Dielectric Polyimides

Dielectric constants as low as 2.4 are achieved.
AR S - - == S == N PR R S 3 |ncormraﬁng mlky groum that hmder

Langley Research Center, Hampton, Virginia

Linear aromatic condensation polyim-
ides are being used increasingly by the
electronic circuit industry as high-per-
formance film and coating materials. The
dielectric constants of commercially avail-
able polyimides currently used as passi-
vants and interlevel dielectrics range from
approximately 3.2 to 4.0. The lower limit of
3.2is attained only in fully desiccated films.
As a film or coating absorbs moisture, the
dielectric constant rises, thereby compli-
cating measurements and the operation of
electronic devices.

A new process has been developed to
produce aromatic condensation polyimide
films and coatings that have dielectric con-
stants in the range of 2.4 to 3.2. These ma-
terials are better electrical insulators than
are state-of-the-art commercial polyim-
ides. Several of these low-dielectric-con-
stant polyimides have excellent resistance
to moisture. They should prove highly use-
ful as film and coating materials for both in-
dustrial and aerospace applications where
high electrical insulation, resistance to

NASA Tech Briefs, January 1989

moisture, mechanical strength, and ther-

mal stability are required.

The process for producing these low-di-
electric aromatic polyimides involves two
conditions: (1) the suppression of chain/
chain electronic interactions in the poly-
mer by alteration of the molecular struc-
ture and (2) the incorporation of fluorine
atoms into the backbone of the polymer.
Adherence to the first condition results in a
polyimide with a dielectric constant below
3.2. For maximum insulative properties,
however, both conditions must be met to
produce a moisture-resistant polyimide
with a dielectric constant in the range of
241028.

Chain/chain electronic interactions are
suppressed by one or more of the following
measures:

1. Reducing the acidity of the dianhydride
monomer or basicity of the diamine used
to make the polyimide by the addition of
separator or linking groups to the molecu-
lar structure;

2. Incorporating physical “kinks" in the poly-

mer chains by use of meta-linked diamine
monomers; and

the interactions between chains.

Fluorine atoms are added to the back-
bone of the polymer by use of —CF,
groups in both the dianhydride and diamine
monomers.

This process is applicable to the produc-
tion of high-temperature and moisture-re-
sistant adhesives, films, photoresists, and
coatings. It is of particular value for such
electronic applications as printed-circuit
boards, both of the composite and flexible-
film types. The low-dielectric polyimides
produced by this technique have consider-
able potential for use in the automotive,
aerospace, and electronic industries.

This work was done by Anne K. St. Clair,
Terry L. St. Clair, William P. Winfree, and
Bert R. Emerson, Jr., of Langley Research
Center. For further information, Circle 101
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, Langley Research Center [see
page 18]. Refer to LAR-13769.
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Ultra-High-Molecular-Weight Silphenylene/Siloxane Elastomers

These elastomers have enhanced thermal and mechanical properties.

Marshall Space Flight Center, Alabama

Elastomers capable of performing in ex-
treme thermal/oxidative environments and
having molecular weights above 108 have
been prepared and analyzed in laboratory
experiments. Made of methylvinylsilphen-
ylene-siloxane terpolymers, these new ma-
terials are amenable to conventional sili-

vinyl silicones, the vulcanized elastomers
exhibit enhanced thermalloxidative stabili-
ty and equivalent or superior mechanical
properties.

The two-stage polymerization technique
involved the reaction sequence shown in
the figure. Each experimental synthesis

began with the incremental addition of 0.90
to 0.98 molar equivalents of bis(dimethyl-

cone-processing technology. Compared to
similarly formulated commercial methyl-
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personal attention and design review
capability assure highest quality. With
one day cost estimates! For proto-
type parts or for orders of any size at
SYNTEX competltlve prices, call now
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&

SYNTEX

RUBBER CORPORATION
938 Crescent Avenue, Box 4006 (205A)
Bridgeport, CT 06607 (203) 367-8469
FAX (203) 367-6403
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amino)dimethylsilane over a two-day inter-
val to a solution of 1 molar equivalent of
1,4-bis(hydroxydimethylsilyl)oenzene in dry
toluene refluxing at 95 to 105 °C and me-
chanically stirred under nitrogen. After the
reaction mixture was refluxed an additional
day, it was precipitated dropwise in rapidly
stirred methanol, yielding the prepolymer
(about 80 percent of the theoretical yield)
as a low-viscosity gum. The methanol was
decanted and the prepolymer was dried
overnight in a vacuum oven at 50 °C.

The prepolymer was then similarly react-
ed over another two-day interval with incre-
ments of bis(dimethylamino)-methyl-vinyl-
silane in an amount equal to approximately
1.6 times the 7.5-percent molar deficiency
of the starting bis(dimethylamino)-dimeth-
yisilane. When the reaction was complete,
the hot solution was dripped as before into
rapidly stirred methanol, the methanol was
decanted, and the product, a rubbery gum,
was dried in a vacuum oven at 50 °C for
two days. A typical yield of polymer is 95
percent, based on the amount of prepoly-
mer used.

Finally, rubber samples were formulated
of 25.0 g polymer, 1.25 g Santocel (or
equivalent) fumed silica filler, 2.50 g Super
Floss (or equivalent) fumed silica filler and
either 0.20 g of 2,5-dimethyl-2,5-di(t-butyl-
peroxy)hexane or 0.44 g dicumyl peroxide.
The ingredients were milled for 15 minutes
on a microrubber mill, left overnight, vul-
canized under pressure for 20 minutes ina
preheated mold at 338 °F (170 °C), then re-
moved from the mold and cured for 16
hours in an oven at 450 °F (232 °C).

In measurements of the ultimate strength,
Young's modulus, percent elongation at
failure, and tear strength, the experimental
elastomers proved superior to the com-
mercial methylvinyl silicones. The prepoly-
mers of lowest molecular weight yielded
the strongest elastomers. Stronger elasto-
mers were produced with dicumyl perox-
ide than with 2,5-dimethyl-2,5-di(t-butyl-
peroxy)hexane.

Gradient and isothermal thermogravi-
metric analyses performed in both air and
nitrogen demonstrated superior thermal/
oxidation stability for the experimental
elastomers. However, despite its inherent
thermal stability, the experimental elasto-
mer (like the commercial elastomer) exhib-
ited extensive degradation of its mechani-
cal properties after being exposed to
550 °F (288 °C) for 16 hours.

This work was done by N. H. Hundley
and W. J. Patterson of Marshall Space
Flight Center. Further information may be
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found in NASA Technical Paper 2476 [N85-
26990/NSP], “Formulation/Cure Technol-
ogy for Ultra-High-Molecular-Weight Sil-
phenylene-Siloxane Polymers” [$7]. A
paper copy may be purchased [prepay-
ment required] from the National Techni-
cal Information Service, Springfield, Virgin-
ia 22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra
fee by calling (800) 336-4700. The report is
also available on microfiche at no charge.
To obtain a microfiche copy, Circle 54 on
the TSP Request Card. MFS-27120
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Methylvinylsilphenylene-Siloxane Terpolymers of molecular weights greater than 108 have
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methylamino)methylvinylsilane.
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Add Mainframe
Graphing Power to
Your PC Programs

Cut programming time for
graphics up to 80%!

GEOGRAF Version 4 provides simple
commands that help you create report
quality plots and graphs on your
Screen, printer or plotter from inside
your programs.

GEOGRAF’s unique approach to
graphics device drivers gives you total
control over graphical output options
without sacrificing valuable computer
memory,.

Additional features include: real-time
graphics, 13 character fonts, Calcomp
graphics library compatibility, graphics
file output for batch processing.
GEOGRAF has served the graphics
needs of organizations like NASA.

MIT, GE JPL, Exxon and US Navy for
over six years. For information on
GEOGRAF call Dirk Smith, Graphics
Marketing Manager at:

1-800-822-2669

~; GEOCOMP Corporation

%

66 Commonwealth Ave.
Concord, MA 01742
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COSMIC: Transferring NASA Software

COSMIC, NASA's Computer Software Manage-
ment and Information Center, distributes soft-
ware developed with NASA funding to industry,
other government agencies and academia.

COSMIC's inventory is updated regularly; new
programs are reported in Tech Briefs. For addi-
tional information on any of the programs describ-
ed 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

44 Comprehensive Silicon-Solar-Cell Program
46 Artificial-Satellite-Analysis Program

review of programs in your area of interest. You
can also purchase the 1988 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

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.
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Comprehensive Silicon-
Solar-Cell Program

Nonlinear equations that
describe performance are
solved iteratively.

The Comprehensive Silicon Solar Cell
Computer Modeling (SICELL) program
simulates a silicon solar cell. The program
predicts such device parameters as effi-
ciency, voltage-vs.-current characteristic,
fill factor, and temperature coefficients of
parameters. The technique used in SICELL
is similar to numerical-integration meth-
ods, but the commonality is described only
by the use of a mesh-point field. Validation
studies show that the accuracies of simu-
lations range from 0.08 percent to 3.6 per-
cent for 27 experimental data points over
the temperature range of 300 K to 421 K.
These results are obtained by the use of 10
mesh points in the n- and p-type regions
and for two iterations.

In SICELL, the nonlinear differential
equations describing each mesh point in
the solar cell are solved iteratively. Default
parameters are provided, and any of them
may be altered by the user. A model is de-
veloped to describe the charge distribution
in the quasi-neutral region that establishes
a built-in field. Boltzmann and Fletcher
boundary relationships are corrected to
account for the net charge distribution in
quasi-neutral regions.

The solutions of the solar-cell transport
eqguation are represented by the complete
set of constants of integration obtained in
the n and p regions. Optimum grid-contact
separation is determined. A subtraction
method is used to obtain the spectral re-
sponse. To define the solar-cell device, the
user specifies such parameters as the
temperature, the geometry of the cell, the
diffusivity of the donor or acceptor, the sur-
face concentration of the impurity, solar
concentration, the surface charge on the
oxide, lifetime phenomena, energy levels
and concentrations of recombination cen-
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Save Time and Money On Your PC and $3500’1b:
Be Assured Your Answers Are the Best With
McGraw-Hill’s New FORTRAN Math Library Products.

Six new, inexpensive McGraw-Hill FORTRAN
subroutine library products developed by PC Scien-
tific, Inc., have revolutionized and simplified engi-
neers and scientists’ numeric computations. Our
products use powerful algorithms with advanced
error control that:

® Assure you of the most accurate answers;

® Solve larger problems;

e Solve problems faster;

® Solve problems you were previously unable to
solve on your PC.

Write or call for a FREE demo diskette today and
see how these revolutionary products bring the
most powerful mainframe FORTRAN mathematical
libraries to the IBM PC with new software and docu-
mentation that make them extremely easy to under-
stand and use.

With our carefully designed, user-friendly tutori-
als, handy reference manuals, quick reference
guides and original “skeleton files,” you will use our
products minutes after opening the package and
write error-free programs hours later—even if your
math knowledge is limited or “rusty.”

Created especially for engineers, scientists and
university instructors by PC Scientific, these soft-
ware products can save you many hours and prevent
expensive headaches. Can you afford a subtle but
serious error or a “million dollar mistake” by not
using the best? Especially when the best is so easy
to use and very affordable.

Choose from among the first six PC software
products from PC Scientific and McGraw-Hill:

e MINPACKI-LIB. Solves systems of nonlinear
equations and nonlinear least-squares problems;
derived from the Argonne National Laboratory
MINPACK-1 mainframe product; test programs
include one with 40 nonlinear equations and
unknowns. b 1
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e FITLIB. Fits curves or surfaces through a given
set of data points; derived from Dr. Alan Cline’s
FITPACK mainframe product; uses tension splines,
which avoid the bad fits often produced by cubic
splines; also provides first and second derivatives.

e SPARSGEM. Solves sparse systems of linear
equations; derived from the SMPAK mainframe
product developed by Scientific Computing Associ-
ates; solves a nonsymmetric, 0.3% dense system of
1600 linear equations and unknowns in double
precision in 2.5 minutes on an 8-MHz IBM PC AT
with a math coprocessor chip.

¢ FFTLIB. One-dimensional and multidimen-
sional fast Fourier transforms; derived from the
NCAR FFTPACK and other fast Fourier transform
packages. FFT computation times: 16,384 pts. in 34
seconds, 32,768 pts. in 73 seconds (single precision
real data sequences on an 8-MHz IBM PC AT with a
math coprocessor chip).

e QUADLIB. Numerical integration, including
improper integrals and multiple integrals; derived
from the QUADPACK mainframe product; allows
you to specify the desired accuracy and gives you
the maximum error of the result.

e ODELIB. Solves systems of first order ordinary
differential equations, including stiff systems (has
automatic stiffness detection); derived from the
Lawrence Livermore Laboratory ODEPACK main-
frame product.

These products are derived from mainframe
products that have been thoroughly tested on real-
world problems at hundreds of mainframe sites,
but have major enhancements for ease of use and
understanding not available in the mainframe or
competitive products.

Join Our Growing User Group!

D YES, I'm interested in using this new
McGraw-Hill software to help me solve
mathematical problems easier, faster,
and better. Please send me demo disks and
literature for the products indicated below.

Name Title ( )

Company Telephone

Street

City State Zip

{7137

Demo Products

Disk Size []5%"
Requested

1-800-548-9937, In MN: (612) 490-1742, FAX: (612) 490-1597
R mems cowe S TR e G S M S WS s WS S s SR SUE Em Sem s

Prices and availability subject to change without notice.
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New MTI HR-2000 14” Video Monitor with its 2000 line resolution, auto-
locking to multiple scan rates, 50 MHz bandwidth, variable enhancement,
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microscopy, military tracking systems, digital imaging
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Get full details in free catalog sheets.
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s, particle analysis, pattern recognition, inspection, dimensional

ters, front- and back-surface recombination
velocities and reflectivities, nondegenerate
or degenerate absorption coefficients, and
mesh-point field distribution in the n- and
p-type regions.

SICELL runs interactively on a VAX com-
puter under VMS and is written in VAX/'VMS
FORTRAN 77. Central memory of approxi-
mately 110K of 8-bit bytes is required. The
program was developed in 1986.

This program was written by Michael F.
Lamorte and William M. Yeager of Re-
search Triangle Institute for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 9 on the TSP Request Card.
NPO-17126

T

Artificial-Satellite-Analysis
Program

Almost any planetary orbiting
mission can be simulated.

The Artificial Satellite Analysis Program
(ASAP) is a general orbit-predicting com-
puter program that incorporates sufficient
orbit-modeling accuracy for the design and
planning of missions and the analysis of
maneuvers. ASAP is suitable for the study

m.
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Better than + 2% RH over a temperature range
of —20°C to +40°C. And now we operate at 175°C.

Now, that’s something to “croak” about!!

Only Rotronic with HYGROCOMP® electronics offers
the confidence of performance specs supported by NBS
test data.
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sensor research and development...that's why we're the
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HUMIDITY KNOWLEDGE... THAT WORKS
rotronic

instrument corp

7 HIGH ST., HUNTINGTON, NY 11743
516/427-3994 » FAX 516/427-3902
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of planetary-orbit missions with spacecraft

trajectories of a reconnaissance (flyby) and
exploratory (mapping) nature. Sample data are included for the
study of the drift cycle of a geosynchronous station, a strategy to
map Venus by radar, a frozen orbit about Mars, and a repeat-
ground-trace orbit.

ASAP uses Cowell's method in the numerical integration of the
equations of motion. The calculation of orbital mechanics contains
gravitational perturbations due to nonsphericity (up to a 40 by 40
field) of the planet, lunar and solar gravitational effects, drag, and
the pressure of solar radiation. An 8th-order Runge-Kutta integra-
tion scheme with variable step size is used for efficient propaga-
tion. The input includes the classical osculating elements, orbital
elements of the Sun relative to the planet, reference time and dates,
coefficient of drag, gravitational constants, and the radius and the
rate of rotation of the planet. The printed output contains Cartesian
coordinates, velocity, equinoctial elements, and classical elements
for each time step or event step.

At each step, selected output is added to a plot file. The ASAP
package includes a program for sorting this plot file. LOTUS 1-2-3
is used in the supplied examples to graph the results, but any
graphics software package could be used to process the plot file.

ASAP is not written for any specific mission and is intended to
be used for almost any planetary orbiting mission. As a conse-
quence, the user has to have some basic understanding of orbital
mechanics to provide the correct inputs and interpret the subse-
quent output.

ASAP is written in FORTRAN 77 for batch execution and has
been implemented on an IBM PC operating under DOS. The ASAP
package requires the 8087 math coprocessor and a minimum of
256K RAM.

This program was written by Johnny H. Kwok of Caltech for
NASA’s Jet Propulsion Laboratory. For further information,
Circle 123 on the TSP Request Card. NPO-17522
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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.

Numerical Solution of
Navier-Stokes Equations

Three-dimensional,
incompressible flow is
simulated on a computer.

A report discusses the mathematical
basis of the IN3SD computer code and
the application of the code to several test
problems. The code relies heavily on the
use of pseudocompressibility to solve nu-
merically the three-dimensional Navier-
Stokes equations of viscous, incompressi-
ble flow. With further study and some
maodification, IN3SD promises to become
a valuable computational tool for the solu-
tion of many engineering problems in fluid
dynamics.

The formulation begins with the stand-
ard Navier-Stokes equations for the con-
servation of momentum in viscous, incom-
pressible flow. The pseudocompressibility
is introduced by replacing the incompressi-
ble-flow continuity equation Vev = 0 with
the equation

2 +pVev =0

at
wherep =pressure, t = time, v = veloci-
ty,and f = the pseudocompressibility pa-
rameter. The combined equations are
placed in matrix/tensor form suitable for
solution in general curvilinear coordinates
adaptable to the configuration of the flow
or boundary surfaces of the problem at
hand.

The equations are advanced in time
by the implicit, noniterative, approximate-
ly-factored, finite-difference scheme of
Beam and Warming. The numerical stabili-
ty of the scheme depends on the use of
higher-order smoothing terms to damp out
higher-frequency oscillations caused by
second-order central differencing. The ar-
tificial compressibility introduces pressure
(sound) waves of finite speed (whereas the
speed of sound would be infinite in an in-
compressible fluid). As the solution con-
verges, these pressure waves die out,
causing the derivative of pressure with
respect to time to approach zero. Thus,
continuity is satisfied for the incompressi-
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ble fluid in the steady state.

Because continuity is not satisfied until
the steady state is attained, the solution
does not give an accurate history of a flow
that varies with time. However, the tempo-
rary relaxation of the requirement of con-

tinuity enables a significant reductionin the .

time required for the numerical simulation
of the steady-state flow. Furthermore, the
method of pseudocompressibility can be
used to obtain at least a qualitative indica-
tion of the nature of an unsteady flow.

The report presents an analysis of the
effect, on the calculations, of the use of dif-
ferent values of B. On the basis of this
analysis, it presents guidelines for the prop-
er choice of 8 for fast convergence of the
solution.

The code was tested on a steady, two-
dimensional laminar flow over a back-
ward-facing step; a steady symmetric, an
impulsively started symmetric, and a vor-
tex-shedding, nonsymmetric, perturbed,
two-dimensional laminar flow around a cyl-
inder; and a steady, three-dimensional lam-
inar flow about a cylinder between two end
plates. The numerical solution for the
backward-facing step and the transient so-
lution for the two-dimensional flow around
the cylinder agreed well with experimental
observations. The computed frequency of
vortex shedding did not agree with the ex-
perimental value; this may be due in part to
the fact that the calculations did not ap-
proach the steady state and the pseudo-
pressure waves never died out. The three-
dimensional solution showed a flow field
with a saddle-point separation and a horse-
shoe-shaped vortex system, with second-
ary vortex filaments wrapping around the
cylinder and spiraling up in the wake.

This work was done by Stuart E. Rogers,
Dochan Kwak, and James L. C. Chang of
Ames Research Center. Further informa-
tion may be found in NASA TM-86840
[N87-11964/NSP], “Numerical Solution of
the Incompressible Navier-Stokes Equa-
tions in Three-Dimensional Generalized
Curvilinear Coordinates.”

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

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center [see page 18].
Refer to ARC-11794,

Serious Signal Analysis
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make Sense...

the First Spreadsheet
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Over 150 functions for displaying
and analyzing waveforms makes
sophisticated signal processing as
easy as typing a name. Run exter-
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create new functions with DADiSP
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struments with DADiSP-488.

make a Call.
(617) 577-1133

Mention this magazine, receive
evaluation FREE. A $20 value.
Order our $20 Interactive Demo Disk.
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Shock-Induced Heating
in a Rocket Engine

Misalignments can give rise
to hotspots on walls.

A report discusses a numerical simula-
tion of the flow in and near a small, ringlike
cavity in the wall of the Space Shuttle main
engine at the junction of the main combus-
tion chamber and the nozzle. The purpose
of the simulation was to study the effects of
misalignments between the combustion
chamber and nozzle on the transfer of heat
into the surfaces of the chamber, cavity,
and nozzle. Depending on the specific mis-
alignment, the flow could encounter a for-
ward- or backward-facing step as it leaves
the chamber and enters the nozzle. This
could result in serious losses of perform-
ance and excessive heating of the walls.

The flow past the cavity includes com-
plicated features like separation and reat-
tachment of the boundary layer and inter-
action of the boundary layer with a shock
downstream of the cavity. Consequently,
analytical methods are inadequate to
quantify the flow and temperature fields,
and numerical simulation is essential. The
mathematical model includes only local ef-
fects in a meridional-plane slice of the junc-
tion cavity and vicinity, and the flow is
treated as two-dimensional in this plane.
This computational domain is divided into
two zones: the deepest portion of the cavity
and everywhere else.

The steady, two-dimensional mean-tur-
bulent-velocity and temperature fields are
computed via a finite-volume code that
solves the Navier-Stokes equations. The
code uses total-variation-diminishing spa-
tial discretization to capture shocks with-
out producing unphysical oscillations in the
solution. This feature is necessary for the
accurate assessment of shock-induced
heating downstream of the cavity. The
Baldwin-Lomax model of turbulence is
used to calculate the turbulent eddy vis-

tion chamber at 109 percent power level is
used as the inlet boundary condition, and a
temperature of 913.5°R (507.5 K) is as-
sumed for all solid surfaces.

The simulated flow separates from the
wall at the upstream edge of the cavity and
reattaches at the wall of the nozzle at a
point downstream. A shock forms where
the flow impinges on the wall downstream
and interacts with the boundary layer near
the point of reattachment. Upstream of the
point of separation and downstream of the
point of reattachment, there are fully-de-
veloped turbulent boundary layers.

In these upstream and downstream re-
gions, the velocity profile is used to com-
pute a wall shear stress, and then a Reyn-
olds analogy is invoked to relate the wall
shear stress to the flux density of heat. Be-
cause there is no boundary layer in the
cavity, the flux of heat into the walls must
be found by a different approach; namely,
the calculation of the gradient of tempera-
ture in the wall by a second-order-accurate
finite-difference approximation.

The results of the numerical simulation
are given in contours of pressure, a map of
velocity vectors, false-color maps of tem-
perature and pressure, a plot of the flux
density of heat as a function of position
along the wall of the combustion chamber
and the upstream wall of the cavity, and a
similar plot of the flux density of heat along
the downstream wall of the cavity and the
wall of the nozzle. Among other things, the
heat-flux plots show a severe rise at the
shock. This prediction is confirmed by dis-
coloration (due to overheating) of the wall
downstream of the cavity of a test-fired
engine.

This work was done by Ronald R.
Lagnado and Farhad Raiszadeh of Rock-
well International Corp. for Marshall
Space Flight Center. 7o obtain a copy of
the report, “Analysis of Shock Induced
Heating at the SSME Main Combustion
Chamber/Nozzle Junction,” Circle 151 on
the TSP Request Card.

cosity. The previously-established bound- MFS-29449
ary-layer profile on the wall of the combus-
Special Offer:
NASA Spacelab Poster
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Generation Method Improves Spiral Bevel Gears
Conjugate tooth surfaces reduce kinematic errors.

Lewis Research Center, Cleveland, Ohio

A method for the generation of spiral
bevel gears provides conjugated gear-
tooth surfaces and improved bearing con-
tact. Conjugated surfaces are preferable
because they maintain constant gear
ratios during tooth-contact cycles. The
changing gear ratios of nonconjugated
surfaces give rise to kinematical errors in
the transfer of motion from driving gears to
driven gears; these errors are major
sources of noise in power transmissions
(see Figure 1).

The geometry and the generation of
spiral bevel gears have been subjects of in-
tensive research. The new generation
method is the product of a research effort
to eliminate kinematical errors and im-
prove the conditions of lubrication and
bearing contact. The new generation
method can be practiced by using special-
ly calculated settings on existing Gleason
gear-generating machines and tools —an
important advantage because such equip-
ment can cut high-quality gears by milling
or grinding. The resulting gears have local-
ized bearing contacts, which are typical for
Gleason gears and are necessary to re-
duce the sensitivities of gear-tooth-surface
contacts to misalignments and deflections
of gear shafts in operation.

The generation concept includes the re-
quirement that the line perpendicular to the
meshing gear teeth at the point of contact
points in the same direction throughout the
process of meshing. This is geometrically
equivalent to the constant orientation of a
link between two mating ellipses of differ-
ent orientations and dimensions (see
Figure 2). The new generation process
causes the contact ellipse to move length-
wise along a gear tooth in the way that is
most advantageous for lubrication.

A computer program has been devel-
oped to simulate the cutting and meshing
processes for pinions and gears, to obtain
numerical results to verify that the new
generation concept minimizes kinematical
errors. The program is based on the princi-
ple that, at the instantaneous point of con-
tact between meshing teeth, the position
vectors must agree, the equations for
meshing between the generating and gen-
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Figure 1. The Vibration Spectrum obtained by an accelerometer on the housing of a helicop-
ter transmission shows that the spiral bevel gear caused the most noise and vibration.

erated gears must be obeyed, and the lines
perpendicular to the surfaces of the teeth
must coincide. The outputs are the shapes
of the gear teeth, the contact path, the
kinematic error, and the contact ellipse be-
tween the mating gear teeth.

The computer analysis was applied to a
case in which practical considerations dic-
tated the use of standard blade angles.
With the new machine settings, the kine-
matical errors were very small (less than
0.02 arc seconds), whereas conventional
settings yielded kinematic errors ranging
from 20 to 90 arc seconds.

This work was done by Faydor L. Litvin
and WeiJiung Tsung of the University of II-
linois at Chicago, John J. Coy of the U.S. Ar-
my Aviation Research and Technology Ac-
tivity — AVSCOM, and Charles Heine of
Dana Corp. for Lewis Research Center.
Further information may be found in NASA
TM-87273 [N86-25793/NSP], “Generation
of Spiral Bevel Gears With Zero Kinema-
tical Errors and Computer Aided Tooth
Contact Analysis.”

LEW-14611

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.

Figure 2. The Basis for the Machine-Tool
Settings for the generation of conjugate
spiral-bevel-gear tooth surfaces is the rela-
tion between mating ellipses. The ellipses
are traced out by points C and A when the
machine cradles rotate about their axes
(which pass through points O and D). As it
moves along the ellipses, link CA remains
parallel to a fixed line C, A,
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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.

New Methods for
Generating Gear Surfaces

Conjugate surfaces can be
generated and analyzed
for a variety of useful
configurations.

A report presents new methods for
generating spur, helical, and spiral-bevel
gears. These methods provide conjugate
gear-tooth surfaces for the meshing of
spur gears with crowned pinion-tooth sur-
faces that have misaligned axes, for the
meshing of helical gears with pinion circu-
lar-arc teeth as well as gear regular screw
involute teeth that have a change in center
distance, and for the meshing of spiral-
bevel gears, the common surface of which
normally performs a parallel motion in the
process of meshing. Furthermore, these
methods provide the gears with localized
bearing contact as well as a reduction in
kinematic errors (gear noise) due to the
misalignments of gears.

Computer programs for the analysis of
tooth contacts have been developed for
these gears. These programs make it pos-
sible to simulate gear meshing and bearing
contact and to investigate the influence
of misalignments of gears on kinematic
errors. The proposed gear-generation
methods can be applied to the spiral-bevel
gears by the use of currently available
machinery and tools, but new tool shapes
will be required for the spur and helical
gears.

This work was done by John J. Coy and
Robert F. Handschuh of Lewis Research
Center, F. L. Litvin and W.--J. Tsung of the
University of lllinois at Chicago, and C.-B. P.
Tsay of National Chiao Tun University. Fur-
ther information may be found in NASA
TM-88862 [N87-15466/NSP], “New Gener-
ation Methods for Spur, Helical, and Spiral-
Bevel Gears.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra fee
by calling (800) 336-4700. LEW-14570

Free-Piston Stirling Engines

These engines promise
cost-effective
solar-power generation.

A report describes two concepts for
Stirling-engine systems for the conversion
of solar heat to electrical energy. Long con-
sidered a highly efficient candidate for the
dynamic conversion of energy in space-
craft, whether solar-powered or nuclear-
powered, the free-piston Stirling engine is
now recognized as one of the most promis-
ing technologies for meeting the U.S.
Department of Energy goals for perform-
ance and cost for terrestrial electrical-en-
ergy sources.

The report discusses free-piston Stirling
engines. Invented in 1962 by William
Beale, this type of engine differs from the
kinematic Stirling engine invented by
Robert Stirling in 1816 in that it has only two
moving parts, has noncontacting gas bear-
ings, and can be hermetically sealed. It of-
fers the potential for high reliability and long
life.

The goal for one of the conceptual sys-
tems is to generate about 25 kW of electri-
cal power from Sunlight and feed it to a utili-
ty grid at a cost of $300/kW for the engine
and alternator system. The system would
have a productive lifetime of 30 years.

Both conceptual designs specify a lig-
uid-metal heat-pipe receiver in additiontoa
free-piston Stirling engine. One concept
incorporates a linear alternator to convert
the energy to electricity directly. The other

concept generates electrical power in-
(Continued on page 77)

imeo Actuators Span the Spectrum

”
”

o

Unique form factors and a wide range of
sizes insure the exact fit for your optical [
system design. i

B Rotary and linear designs in round and arc-segment packages
M Infinite resolution, low electrical and mechanical

time constants

B Bi-directional force/torque linear with

current

Focus a lens...
aim a beam...create
a raster scan...only imagina-

M Zero hysteresis, high peak

tion limits your system design when
you incorporate the versatility and high
performance Kimco actuators offer. Proven in
sophisticated applications from tiny heat-seekers to cryo-
genic compressors and large space-platform stabilizers.

NASA Tech Briefs, January 1989



COMMERCIAL SPACE MAKES
ITS MARK IN FLORIDA.

/

B 4
0'/ :

o/




FROM ASTRONAUTS TO ENTREPRENUERS

Satellite and spacecraft manufacturers, research
institutions, rocket manufacturers, and launch support
providers all have something to look forward to. Within the
next decade Florida will have developed the most
comprehensive space industry infrastructure in the world.

Greetings:

At the beginning of each year, it is customary to look back over the past,
review the progress that has been made, and set goals for the future. For the
State of Florida, maintaining the State’s strong economy is among the most
important of our goals.

High technology industry remains of particular importance to Florida’s
economy. Today, high tech businesses employ more people in Florida than in
any other southeastern state, ranking the state sixth in high tech employment
nationwide. From space and aerospace to communications and computer
equipment, pharmaceuticals and electro-medical equipment, Florida is the

Florida Governor Bob Martinez

addresses reporters in front of state for high tech business.
launch gantry at Cape Canaveral Florida’s business and educational environment is tailored to high tech
Air Force Station. enterprise, combining the best elements of innovative big business, en-

trepreneurial opportunity, and university-level research and development.
These have been our priorities in the past, and they will remain among our
priorities in the future.

This special issue of NASA Tech Briefs marks the beginning of the
magazine's “Focus on America” series. We are proud that Florida has been
chosen as the premier state for the program. As you will see, Florida's endur-
ing commitment to high tech research and economic development is of na-
tional and international significance.

Astronaut Dale A. Gardner does some
extravehicular advertising during a
satellite repair mission by the Space
Shuttle Discovery in November, 1984.
Reflected in Gardner’s helmet visor is
crew member Dr. Joseph P. Allen IV.

Sincerely,

Bob Martinez, 6 Governor of the State of Florida

o dJ

o~y
|




J
two microseconds is too late.

" Flight : 0 Range
Simulation o AN &Tracldng
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real-time s most trusted computer manufacturer. %
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puter system solutions for the demanding problems of ﬂlght
simulation, energy management, nuclear power plant snmu-
lators, and range and tracking defense systems

We installed our first real-time system in 1964. Since then,
Gould has led the way in applying real-time solutions.

Thanks to long-term commitment to research, develop-
ment and innovation, we dominate the real-time market.
Gould supplies the overwhelming majority of computer sys-
tems for commercial and military flight simulation. And we're
the key supplier for nuclear simulators and range and tracking
applications. '

Today our commitment to real-time solutions continues
with the Concept Connection. And our Long-Term Support
Program guarantees full customer support into the next
century.

Call Gould today:.

GOULD/COMPUTER SYSTEI\gS INC -)
6901 West Sunrise Boulevar
Fort Lauderdale, Florida 33313 GO U I—D

1-800-GOULD-10; TLX 441491 Electronics

The Concept Connection . . . real-time begins with the CONCEPT.
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Florida Lieutenant Governor/Secretary
of Commerce Bobby Brantley (left) with
Dr. Chris Shove, Director of Space
Programs, in front of Launch Complex
17A—one of two commercial launch
sites at Cape Canaveral Air Force
Station.

pace exploration, research,

and utilization have been an

important part of Florida’s
economy since the nation’s space
program began. Early rocket tests
during the 1940s, and the historic
1950 launch of “Bumper 8" from a
tiny launch pad on Cape Canaveral
propelled Florida into the Space
Age. Today, after decades of
pioneering research by NASA and
the Department of Defense,
Florida's efforts to foster the con-
tinued development of private-sector
space involvement are gaining
momentum.

SPACE COMMERCE

Florida’s goal is to become the
world’s center for space-related
commerce. Toward that goal, the
state has been making strong ad-
vances in supporting all facets of
space industry. Florida’s strategy is
attracting worldwide attention and is
setting the pace for commercial
space development in the United
States.

There is an increasing number of
commercial applications for space,
including satellite telecommunica-
tions, microgravity materials
research, satellite-aided navigation,
and remote sensing. Together these
applications represent billions of

dollars in commercial investment,
and they are expected to grow
dramatically over the next decade.
However, routine access to space is
essential to the continued growth of
the commercial space industry.
Following the Challenger tragedy
and the nation’s subsequent two-
and-a-half-year hiatus from space,
shuttle payload capacity became
strictly reserved for government use.
These new restrictions, coupled with
the earlier decision to phase un-
manned rockets out of the nation’s
space transportation fleet, left com-
mercial firms with few alternatives
for placing their payloads into orbit.

HIGHWAY TO SPACE

Providing commercial access to
space is a critical element in
Florida's plans to develop space
commerce. The state is currently
working toward development of a
commercial launch facility that will
function independently of NASA and
Department of Defense space pro-
grams. Spaceport Florida will be the
nation’s first commercial spaceport,
designed specifically to accom-
modate present and new genera-
tions of private-sector space launch
vehicles.

A development plan for the space-
port—to be completed in February,
1989—will define the operational
parameters, and indicate potential
locations for the facility. The optimal

site, according to the study group,
would be near the federal govern-
ment’s facilities on Cape Canaveral
because of the area’s well-developed
tracking, processing and support in-
frastructure, but several other loca-
tions around the state also are under
study.

A typical launch from Spaceport
Florida will include a small com-
munications satellite, a microgravity
test capsule, and a commercially
owned and manufactured expen-
dable rocket.

Florida officials are confident that
space-related industry growth will
accompany the development of
Spaceport Florida. Routine, assured
access to space will be a major at-
traction for established aerospace
businesses and entrepreneurial
companies planning to participate in
the commercial use of space.

ONE STEP AT A TIME

Providing the “highway to space”
will represent only the first step
toward attracting and developing
space commerce. Successful space-
related firms require talented
engineers and access to sophisti-
cated university research facilities.
In response to those requirements, a
number of educational programs are
planned to meet the employment,
research and development, and sup-
port needs of broad-based space
commerce.

This fish-eye view shows a Delta rocket as it’s readied for liftoff from Launch
Pad 17A on Cape Canaveral Air Force Station.
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Among Florida’s recent space-
related educational ac-
complishments and plans:

@ $300,000 was allocated to fund a
special space-related scholarship
program for gifted students;

@ $100,000 was allocated for
development and acquisition of
space-related teaching materials;

@ a Space Research Foundation
with several million dollars in an-
nual funding was created to sup-
port space-related research and
education in Florida;

® a million dollar per year
Challenger Memorial Scholarship
Fund was endowed,;

® Florida university efforts to head-
quarter a NASA Center for the
Commercial Development of
Space (CCDS) in the state;

® a statewide effort is underway to
create space centers of ex-
cellence at Florida’s universities;

® aresolution was signed by Gover-
nor Martinez to bring the Interna-
tional Space University to Florida
in 1991;

® A statewide university Space
Research Conference will be held
in February to promote collabora-
tion among university and in-
dustry researchers.

To implement measures that sup-
port space-related commerce in the
state, Florida recently created an
Office of Space Programs within its
Department of Commerce. Though
primarily concerned with Spaceport
Florida and other aspects of space
industry development, the Space
Programs Office works to enhance
the critical relationship between
space-related industry and
education.

“Space commerce will grow to
multibillion dollar proportions over
the next decade as routine access to
space becomes a reality,” says Dr.
Chris Shove, Director of the Office
of Space Programs. “A long-term
commitment to space industry
development must include educa-
tional programs, from grade schools
to universities, designed to support
the industry’s future needs.”

Educational enhancement pro-
grams currently underway in Florida
are aimed at increasing space-
related university/industry research
partnerships; improving vocational
training related to space-related in-
dustry; including space-related
educational programs in grade and
middle school curricula and science
fairs; increasing intra-university
awareness of available federal
research funding; and forming

“Florida’s educational system will play a
vital role in the development of space
commerce in the state. Our schools will
provide the engineers, scientists, lawyers,
and executives needed for an industry that
will grow and mature well into the next
century,”—Governor Bob Martinez

space-related scholarship programs.

A number of Florida universities
are preparing students for work in
the new frontier of commercial
space. Besides offering basic and
upper-level space curricula, several
state universities conduct space-
related research at various levels.
Those most involved in space
research and teaching include the
University of Florida, the University
of Central Florida, Florida State
University, the University of South
Florida, Embry-Riddle Aeronautical
University, and the Florida Institute
of Technology.

These universities receive
millions of dollars in sponsored
space-related research funds from

The successful launch of Discovery on
September 29, 1988 marked the resump-
tion of America’s manned space program.

industry and government agencies
such as NASA, the Department of
Defense, the National Oceanic and
Atmospheric Administration
(NOAA), the Department of Energy,
and the National Science Founda-
tion. The experience and knowledge
that students gain from this
research primes them for employ-
ment in the rapidly developing
laboratory of space.

Florida ranked second last year in
total distribution of NASA prime
contract awards. The amount, over
$397 million, included awards to
educational institutions,
businesses, and nonprofit
organizations.

OPPORTUNITIES ON
THE FINAL FRONTIER

Commercial space industry con-
sists of several established and
emerging markets, according to the
findings of a Florida commission ap-
pointed to assess the state’'s poten-
tial in space. The most promising
commercial segments of space in-
dustry are space transportation,
remote sensing, satellite com-
munications, materials processing,
and space-based industrial facilities.

For now, the majority of space ac-
tivities in Florida are a result of
federal government operations—
NASA'’s civil space programs and
Department of Defense programs.
Companies such as Martin Marietta
(one of the state’s largest industrial
employers), McDonnell Douglas,
Lockheed, Grumman, Honeywell,
EG&G, and General Dynamics have
thrived due to the abundance of
federal contracts awarded in Florida.

BIG CHANCE
FOR SMALL BUSINESS

Several small Florida companies
are acting now to capitalize on the
emerging opportunities of space. On
November 17, 1988, a Titusville-
based company, “E'Prime,” had the
distinction of launching the first
commercial rocket from Cape



* We're A Powerful So
Of Informatlon

If you're considering Florida for a
business location or expansion,
don't wait until you're ready to
have the power turned on fo call
us. We have a staff of Energy
Management Consultants who
make it their business fo help you
get the most from your business.
Florida Power & Light Energy
Management Consultants can
be helpful in assisting with site

selection and facility planning.
They have ample experience
helping companies like IBM and
Rockwell Infernational set up effi-
cient energy systems. They can
make sure your lighting system
is designed for maximum effi-
ciency, see that you fake advan-
tage of the right rate and make
sure you know about new energy
technologies that could benefit
Circle Reader Action No. 376

your business.

Call us collect atf (305)
227-4307 or write to: Don Adams,
Manager, Industrial Marketing,
Florida Power & Light, PO, Box
029100, Miami, FL 33102 and ask
about our relocation assistance.
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PUBLIC NOTICE

WARNING!
DO NOT ORDER GLASS PHOTOTOOLS FROM:

MICRO FUSION, INC.

1129 Silver Beach Rd.
Lake Park, FL 33403

UNLESS YOU WANT:

1. Increased yields.

2. 10,000 contacts from each tool with no touchup.

3. Accurate registration of .0005 in. across 28 inches.

4. Exact line edge acuity for lines as small as .1 mil.

5. Durable, scratch resistant tool surface.

6. In-house image processing capability using existing
equipment.

7. 30 min. delivery cycle to the manufacturing floor from
time of request.

LET YOUR VOICE BE HEARD
CALL (407) 863-8116
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Building Today for
Tomorrow's Challenges

Lockheed's new Space Systems Technology Building
Titusville, Florida

Lockheed Space Operations Company is building
for the future! Our new Space Systems Technology
Building will greatly enhance our capacity for new
contract activity.

As the nation's Shuttle Processing Contractor,
LSOC is keenly aware that technological advance-
ment is the key to ensuring that our space program
remains the best in the world.

= rlockheed
Space Operations Company
Leaders in Space Technology
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Manufacturing and other commercial enterprises may soon
find a new home in orbit around the Earth.
(Photo courtesy the Harris Corporation.)

Canaveral Air Force Station. That historic launch marked
the beginning of the nation’s commercial launch in-
dustry. This year, contracts for U.S. commercial rocket
launches already represent over $1 billion. The vast ma-
jority of those launches will take place in Florida.

Another firm, Astrotech Space Operations, began with
a retired aerospace engineer’s idea to provide commer-
cial processing services for Space Shuttle satellite
payloads. After discussing the notion and receiving ap-
proval from NASA in 1982 and the subsequent search for
investment partners, Astrotech opened its doors for
business in 1984.

Today, after two buyouts, Astrotech is planning two
multimillion dollar expansions. Astrotech’s ownership is
now controlled through a limited partnership between
Wespace (a wholly owned subsidiary of Westinghouse)
and Space Industries Inc. The Astrotech facility, besides
being used extensively for payload and launch vehicle
processing, eventually may be the manufacturing site
for Wespace's Industrial Space Facility.

Florida's success as an incubator for innovative space
business concepts can be attributed in part to its active
network of referral and support for entrepreneurs and in-
vestors. An “entrepreneurial network’ has been
established by the Florida Department of Commerce in
conjunction with approximately 30 private organizations,
including several venture capital clubs, a Seed Capital
Association, and a Venture Capital Council/Forum at the
University of Miami, which is modeled after the MIT
Enterprise Forum.



PINPOINTING ORLANDO'S
WORLD-CLASS

BUSINESS PARK...
INTERNATIONAL CORPORATE PARK

University of
Central Florida

BEELINE EXPRESSWAY
1 INTERNATIONAL
Orlando CORPORATE

International PARK
-==_ Airport

WALT DISNEY
WORLD

EPCOT

-
—— — -

795,
47 KISSIMMEE

¢ Located in the center of Florida's SPACE TRIANGLE, this
3,000 acre business park offers the most advanced
telecommunications available today...for your future.

INTERNATIONAL * The extensive fiber optics network offers direct connections
CORPORATE to AT&T and Southern Bell. Dramatic savings are realized
PARK in access charges. Fiber optics to your site is included in the
For Complete Information very affordable land pricing.
Contact: Carl Napolitano, CCIM ¢ JCP is fully approved and permitted - you can begin your
SOutl;gsp::{lneslnmfment project immediately. —_
9331Le§R<%LSugt2eB%80 * Join Lockheed Corporation, our first =
0(23’,}) 06‘29-6660 corporate owner, in Orlando's ATeT
FAX (407) 628-2875 World-Class Business Park. The right choice.
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I have enclosed $

Name

Quest For Performance ($29.95)
NASA 1958-83 ($24.95)
—_ A History Of Skylab ($23.95)
Apollo Expeditions ($21.95)

Quest For Performance:

The Evolution Of Modern Aircraft

Richly detailed history of the airplane’s development,
filled with color and bw photos of aircraft from the ear-

ly years to modern times. Must reading for aviation en-
thusiasts! 561 p. ($29.95)

NASA 1958-83: Remembered Images
From Project Mercury to the Space Shuttle, this stun-
ning full-color book chronicles NASA's first 25 years in
space. 136 p. ($24.95)

Living And Working In Space: A History
Of Skylab

A comprehensive history of Skylab, America’s first
space station.

Includes astronauts’ bibliographies. Color ill. 470 p.
($23.95)

Apollo Expeditions To The Moon
Dazzling color volume illustrates the entire 15-year
Apollo program. Written by 18 key members of the
Apollo team. Clothbound.

313 p. ($21.95)

Selections From The NASA Art Collection
A portfolio of 12 color lithographs of artworks by well-
known artists, suitable for framing. Subjects include
Shuttle launches and landings, experimental aircraft,
satellites, and deep-space probes. 11x14 inches (each)
Shipped flat. ($12.95 for the complete set)

The Space Handbook

Excellent reference source on the physical laws and
principles of the space environment and on space
policy. Ill. 364 p. ($19.95)

e = e o e o o — — ———————————

Rush me: (indicate quantity)

_ The Space Handbook ($19.95)

Selling To NASA ($9.95)

plus $3.00 for postage and handling. Total Enclosed is $

Choose From An
Exciting Selection of

NASA Bestsellers

— e e e e e e e e e e o e e e e w

__ Selections From NASA Art ($12.95)

Leadership And America’s Future ($11.95)

Leadership And America’s Future In
Space

Astronaut Sally Ride’s long-awaited report details the
strategies needed to regain U.S. space leadership.
Full-color ill. ($11.95)

Selling To NASA

This colorful NASA publication gives potential contrac-
tors tips on product marketing and government pro-
curement. Includes postcards for bidder’s mailing list
application forms. 44 p. ($9.95)

Going To Work In Space

A set of three gorgeous color posters showing the
Space Shuttle Columbia on the launching pad, streak-
ing away from the Earth, and descending towards the
landing strip. 36 by 24 inches each. Shipped in a tube.
($10.95 for the complete set)

Space-Based Remote Sensing Of The
Earth
Reports new research in remote sensing of Earth’s

land, oceans, and atmosphere. Many color photos.
151 p. ($12.95)

New Electric Power Technologies: Pro-
blems and Prospects For The 1990s
What does the future hold for photovoltaics, wind tur-
bines, geothermal power, solar power plants, and
other electric-power generation and storage
technologies? This insightful new book provides
answers. ill. 339 p. ($18.50)

U.S. Air Force Lithograph Set (¥40)

12 posters of aircraft and military subjects in brilliant

color. These beautiful reproductions are ready for
framing. 17 by 23 inches each. Shipped flat. ($13.50)

Going To Work In Space ($10.95)
— Space-Based Remote Sensing ($12.95)
New Electric Power Technologies ($18.50)
—__U.S. Air Force Lithograph Set ($13.50)

(New York residents add sales tax)

Address

City

State Zip

Send check or money order to: NASA Tech Briefs, Fulfillment Dept., 41 East 42nd St., New York, NY 10017




DOING BUSINESS IN FLORIDA

Florida’'s economy is hotter than
ever—a fact that’s being recognized
these days by corporations large and
small. The Sunshine State leads the
nation in new business start-ups and
expansions of existing facilities, and
tops the southeast in virtually every
manufacturing category. Nationally,
Florida ranked second in new
manufacturing jobs created between
1976 and 1986, and by all indica-
tions, is tooling up for a decade that
will be even more prosperous.

In a recent issue of Market Trends,
two Florida cities were ranked
among the top five high tech growth
centers nationwide. The reason:
Florida attracts the brightest minds,
biggest contracts, and most notable
corporate names in every aspect of
high tech industry. In fact, a list of
major companies which have found
a place in the sun reads like a For-
tune 500 roster.

For companies in retail and ser-
vice businesses, population growth
alone is enough to turn heads and

Quality. An important concept in America’s
space program. It's this philosophy that has put
man on the moon and brought high technology
down to Earth. And it is also the issue that will
help propel the space program into the 21st
Century.

EG&G Florida's base operations team is proud
to be a part of this exciting program. And we're
working hard to keep all of Kennedy Space
Center's support systems and services in peak
condition.

EG&G provides computer services, engineering,
life support, security systems and services and
a variety of other institutional and technical ser-
vices for NASA at KSC.

We're also the corporation who placed the
nation'’s second civilian scientist in space to con-
duct a highly successful crystal growth experi-
ment. EG&g’s advances in crystal growth
technology could lead to better radiation detec-
tion products for effecting biomedical diagnosis
and therapy, monitoring nuclear power plants
and more.

N EG&G is committed to space. And we're willing

to go above and beyond to show it.

n Base Operations Contractor
oQEGRG FLORIDA i &

Kennedy Space Center, Florida
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University of Central Florida

SIMULATION AND TRAINING The UCF Institute for Simulafion ond Trdining provides
the knowledge base required for the simulation and
raining needs of govemment and industry. IST's aciivi-
fies Include studies of network simulators, development
of fraining tools, Implementation of artificid intelligence
techniques to improve fraining and efficiency ond the
engineering ond psychology of the human-mochine
Iinterface.

ELECTRO-OPTICS ALUCF, the Center for Research In Electro-Optics and
Lasers (CREOL) covers a broady based program of
reseach including: ulirashort oplical phenomena,
opfically pumped solid state lasers, metd vapor lasers,
free eleciron laser research and evaluation of new

laser and nonlinear opfical materials,

MICRO-ELECTRONICS The Depariment of Electrical Engineering at UCF
focuses It's efforts In the field of quantum electronics.
Outstonding research Is also being conducted in environ-
mentd Issues, microelecironics ond arlificid intelligence.
Other areas of interest In this field include surfoce
ocoustic wave devices, thin fim, and semi-conductor
devices.

COMPUTER SOFTWARE Combining faculty from Electrical Engineering, Computer
Sclence and Computer Engineering Depariments
has diowed for exlensive research into arfificia
Inteligence, software for simulation and fraining ond
neural networks. Mulll-deparimental studies also
Incorporate varous aspects of the Industry with Art,
Business and Economics.
ROBOTICS Production control and manufacturing information
systems are just two of the diverse areas Included in
the Robolics Progrom at UCF. Other areas of interest
embody forecasting. indusirial and manogement engl-
neering. machine tool mefrology and fransportation
and public utilifies operations.

For further information contact:
Dr. Joan R. Burr, Assistant Vice President, Division of Sponsored Research
University of Central Florida, Orlando, FL 32816-0150
Telephone (407) 275-2671 FAX (407) 275-2738

Circle Reader Action No. 349

Both artistic and educational, this beautifully illustrated full-color poster
presents a cutaway view of the Space Shuttle that reveals its inner work-
ings. Provides size, wingspan, weight, and thrust data. 42 by 30 inches.

Folded. Special introductory price only $8.95 each!
BONUS: Order now and receive three prints for only $23.95.

b—-—-———-—-——-————--——-———-—---————

Please rush me Space Shuttle posters.

I have enclosed $ plus $2.50 for postage and handling.
Total enclosed: $ (New York residents add sales tax)

Name

Address

City. State Zip

Send payment to: NASA Tech Briefs, Shuttle Poster Offer
41 East 42nd St., New York, NY 10017-56391

cluding wafer-scale integration. The
project involves research in such
disciplines as microelectronics, op-
toelectronics and superconductivity.
It also includes development of ad-
vancd composite materials for use
in high-temperature environments,
such as aircraft propulsion systems
and spacecraft hulls.

Florida will continue to benefit
from developments in the Space
Shuttle program, the National
Aerospace Plane, the Strategic
Defense Initiative, the Advanced
Launch System, the International
Space Station, the Industrial Space
Facility, and the nation’s first com-
mercial launch site—Spaceport
Florida.

GETTING AWAY FROM IT ALL

Work and school are not Florida’s
only high tech strong points. For
those in business who yearn to get
away from it all, Florida offers a per-
manent holiday from taxes and high
costs. The Sunshine State is famous
for its extremely low cost of living;
no personal income tax; one of the
nation’s lowest corporate income
tax rates; and housing and energy
costs that are well below the na-
tional average.

Florida features 1,350 miles of
sunny coastline that’s always less
than three hours away; an average
annual temperature of 73 degrees;
an abundance of scenic rivers,
forests and parks; and historic,
artistic, and cultural diversity that
offers something for just about
every interest.

There are more than 700 golf
courses in Florida, and innumerable
tennis courts. Florida is also head-
quarters to the Professional Golfers
Association, and will soon host the
Tournament Players Association.
Several championship golf and ten-
nis tournaments are held here each
year.

Florida is home to two National
Football League franchises—the
Miami Dolphins and the Tampa Bay
Buccaneers, in addition to a Na-
tional Basketball Association team,
the Miami Heat. As for baseball, 18
major league teams come to Florida
every year for “Grapefruit League”
spring training.

Florida's approach to staying at
the forefront of high tech develop-
ment is effective because it includes
both business and personal con-
siderations. Big business, en-
trepreneurship, research and
development, education and
lifestyle are components that define
the Florida commitment to high tech
enterprise.



HIGH TECHNOLOGY AND
FLORIDA’S ECONOMY

Forty-five years ago Florida ranked
last in the total number of manufac-
turing jobs in the south. Agriculture,
tourism and construction were the
dominant industries in a state that
boasted a population of about two
million. As was true with manufac-
turing, Florida had little involvement
in national and international finance,
industry, or trade.

Since then, Florida has experienced
unparalleled growth in both popula-
tion and economy. Today, with a
population estimated at over 12
million, Florida is the fourth largest
state in the nation, and its popula-
tion is increasing by more than 1,000
people every day. An underlying
reason for the state’s successes
since 1960 has been the increase in
knowledge-based, technology-
intensive manufacturing industry.
Florida is now an international
economic power, leading the

southeast and ranked sixth in the na-

tion in high tech employment. If
Florida were a country, the size of its
economy would exceed those of
Australia and Spain.

High tech employment trends in
Florida have mirrored the state’s
overall growth. Over the last decade,
Florida's average annual growth rate
for high tech firms has been con-
sistently higher than that of the
other ten largest high tech states. At
current growth rates, Florida soon
will rank fifth in high tech industry
employment behind California, New
York, Massachusetts and Texas.

Factors contributing to this
growth include:

® re-emergence of the national
space program;

® trends toward commercialization
of space industry;

® concentration of engineers;

® industrial migration to Florida;

® expansion and development of
quality engineering, science, and
technology programs at Florida
universities;

@ a statewide proliferation of
university-related research and
development parks; and

® broad diversification of industries
within the high tech
classification.

Building on these strengths,
Florida is moving toward the next
decade with space age technology
as a priority in its strategies for
economic development.

Among Florida’s burgeoning
manufacturing industries, 27 per-
cent of the total jobs are technology-
intensive. High tech industry means
jobs for over 150,000 Floridians with

Aerial view of Martin Marietta’s defense industry plant in Central Florida.

Engineers:

The one who works with
the best toys wins.

The Advanced Tactical Fighter . . . the National
Aerospace Plane . . . the Space Shuttle . . . the new
supertwins that are transforming commercial avia-
0o .«
Put your ideas into play on projects like
these—using some of the most advanced facilities in
the aerospace industry.

We need your creativity, and we’ll put you in
an environment that encourages it. We’ll give you
plenty of support to try new ideas, even if they
don’t always succeed. You’ll have the high-
technology tools you need. And we’ll do our best to
take away any barriers to your progress.

Right now, we’re working on some of our most
important programs ever. We need your thinking.
In exchange, we offer competitive salaries, solid
benefits and liberal relocation assistange. But we
offer something more: the chance to make a differ-
ence on projects that make history.

Send your resume for confidential considera-
tion to: PO. Box 109600, Mail Stop NTB 710-18,
West Palm Beach, FL 33410-9600.

XA UNITED
. &1 TECHNOLOGIES

FReR s @ F95 8
An Equal Opportunity Employer
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2,100 high tech companies. Thanks
to the recent growth in high tech
manufacturing, Florida now ranks
third in the nation in the number of
new manufacturing jobs. This trend
is expected to continue.

In addition to more and better
jobs, Florida will hold other
advantages:

@ High tech products are value-
added products, and are usually
exported to other states or na-
tions, resulting in a positive cash
flow to Florida's economy.

® Wage rates in high tech industry
are comparatively high, therefore

promoting expansion in other
sectors of the economy.

@ High tech industry has a propen-
sity to “spin-off” new firms and
spawn entrepreneurial and in-
dustrial expansion. This has oc-
curred, for example, in the laser-
optics industry around Martin
Marietta in Orlando, and in the
computer industry around IBM in
Palm Beach County.

® High tech industry works hand in
hand with research institutions to
the benefit of both, and
cooperative research is vital to
improving the competitiveness of

AVAILABLE IN:

MAGNETIC TAPE
MICROFICHE

COSMIC

SOFTWARE CATALOG
1989 EDITION

Descriptions of over 1000 computer
programs developed by NASA. |

PRINTED EDITION

Purchase of the catalog entities you to a FREE subscription of the
COSMIC UPDATE—-a quarterly newsletter describing new
and updated computer programs from NASA.

COSMIC
The Unliverslty of Georgia
382 East Broad Street
Athens, GA 30602

Phone: FAX: Blitnet Address:
(404) 542-3265 (404) 542-4807 COSMIC@QUGA
e

SET

MS/PC DOS DISKETTES
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Palm trees and ocean breezes are
natural recruitment tools for attracting
employees to Florida.

(Photo courtesy Florida Department of
Commerce, Division of Tourism.)

American firms in the Qevel?f-
ment and production of goods
and services.

A robust industry/university
research and development partner-
ship creates new technologies, and
equally important, contributes to the
state’s pool of skilled scientists and
engineers, providing for the labor
needs of high tech industry.

EMERGING HIGH TECH INDUSTRIES

Several emerging high tech in-
dustries receive special attention in
Florida. The 1986 Legislature
directed the state’s Board of
Regents, in conjunction with the
Florida High Technology and In-
dustry Council, to report on the iden-
tified fields that will have a clear
relevance to and impact on Florida’s
high tech economic future. Their
report focused on seven specific
fields, and on various levels of
related research and development at
universities in the state.

Biomedical devices are the pro-
ducts of advanced technology ap-
plied to medical care. The classifica-
tion includes pharmaceutical
preparation, X-ray apparatus,
surgical, orthopedic and ophthalmic
goods, and medical electronic



devices (including pacemakers,
difibrilators, neural stimulators, elec-
trosurgical systems, electrocar-
diograms, magnetoresonance imag-
ing and CAT scan technology).

This field represents a national
market of more than $50 billion an-
nually, with a growth rate in excess
of ten percent per year. Florida,
especially South Florida, enjoys a
leadership role in related commer-
cial enterprises. Biomedical
research and development programs
in the state are located at the Univer-
sity of Miami, the University of
South Florida, Florida International
University, and the University of
Florida.

One tangible result of the in-
novative research being conducted
is a product called “bioglass.”
Developed at the University of
Florida, bioglass is an inorganic
material which bonds to human
bone tissue. Bioglass has been used
successfully to reconstruct the inner
ear and restore hearing to deaf
patients.

Biotechnology is the application
of knowledge gained in research on
life processes. Its areas of economic
importance include health care and
maintenance, genetic engineering,
plant agriculture and forestry, animal
agriculture, marine industries, food
processing, and environmental
applications.

Perhaps more than any other high
tech sector, the origins of the
biotechnological activities
throughout the United States are
university based. Several Florida
universities have initiated quality
programs in one or more of the
fields listed above. Research and
development in biotechnology is
concentrated at Florida State Univer-
sity, the University of Florida,
Florida A&M University, the Universi-
ty of Miami, and the University of
South Florida.

Basic research is centered at
Florida State University through the
Center of Multi-Disciplinary
Biotechnology, with programs in the
basic sciences of genetics,
biochemistry, immunology and
bioprocess engineering (organized
through the FAMU/FSU College of
Engineering).

Computer Science and Software
have experienced a period of ex-
plosive growth, both in educational
and commercial utilization. The in-
dustry’s primary objectives include
development of efficient and low-
cost software, and new computer
concepts. Pioneering research and
development programs are con-
ducted at Florida State University,

the University of Florida, the Univer-
sity of Central Florida, Florida Inter-
national University, the University of
Miami, and Florida Atlantic
University.

In early 1987, Florida State Univer-
sity began installation of the world’ s
first Class VIl supercomputer—the
Cray ETA 10, the fastest and largest
computer on Earth. Under the
auspices of the Supercomputer
Computations Research Institute

Dr. Robert Braswell, Director of the
Computing Center at Florida State
University, helps scientists put the
ETA-10 supercomputer to work.
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crystals are extremely effective as
superconductors for computer chips
and are far more efficient than
silicon.

In 1985, the Florida Legislature
began funding programs in materials
science at the University of Florida
and Florida State University. At
Florida State University, the program
is called MARTECH (Materials
Research and Technology), while at
the University of Florida the program
is called Microfabritech.

These programs and others around
the state sponsor research in super-
conductivity (through FSU’s super-
conducting linear accelerator),
modification of materials in a variety
of classifications, novel syntheses,
electro-optics, compositionally
modulated materials, and atomically
engineered materials.

The Florida Initiative in Advanced
Microelectronics & Materials, spon-
sored by the Department of Defense,
was initiated in 1988 by the State
University System through a $25
million grant (the largest in the
state’s history). The initiative will in-
clude statewide R&D in microelec-
tronics, optoelectronics, supercon-
ductivity, and composite materials.

Robotics in action on a Copperhead
production line at Martin Marietta.

WHAT’S WHERE WITH FLORIDA’S HIGH TECH INDUSTRY

No one part of Florida has a
monopoly on high tech industrial
growth. The state’s six regions
feature different concentrations of
high tech industry, from aviation and
aerospace to computers.

Northwest Florida

Defense spending is the key to
high tech development in the Florida
Panhandle, which hosts 13 military
installations. Cities such as Fort
Walton Beach, Pensacola and
Panama City were home to more
than five hundred defense related
firms in 1987. Communications
equipment, electronic components,
computer software and measuring
equipment round out Northwest
Florida’s high tech contributions to
the state's economy.

North Florida
Besides being one of the nation’s

busiest port cities, Jacksonville was
home to Florida’s highest number of
defense contractors in 1987, with
286 firms. Products from this area in-
clude aircraft parts, computer soft-
ware, surgical instruments and
ophthalmic goods.

The University of Florida in
Gainesville has a history of close
cooperation with high tech industry.
Headquartered at the university is
NASA'’s Southern Technology Ap-
plication Center (STAC), which
specializes in researching the patent
potential of new inventions.
Recognizing that small high tech
companies are often frustrated by
the intricate procedures and major
expense involved in patent applica-
tion, STAC offers product potentiali-
ty studies to shortcut the process.
Using NASA’s RECON database as a
starting point, the STAC staff

searches through existing patents to
assess whether or not a new idea can
be patented. The innovator must still
consult an attorney, but much of the
work has already been done by STAC.

Central Florida

Central Florida's Brevard, Orange,
Seminole and Volusia counties com-
prise the Space Coast, which ac-
counts for a vast majority of Florida’s
guided missile and space vehicle in-
dustry. In 1987 this area contained
36 percent of the state’s high tech
employment and 20 percent of its
technology-intensive firms.

The cities surrounding NASA'’s
Kennedy Space Center, Patrick Air
Force Base and Cape Canaveral Air
Force Station have experienced tre-
mendeous growth since the nation’s
space program was born there in the
1950s. Today, with the Space



Robotics research at Florida International University in Miami.

Shuttle’s return to operation and the
growth of commercial space enter-
prise, up to 38 percent of Brevard
County’s total employment is in
space-related industry and services.

The Space Coast also has emerged
as a world leader in the development
and manufacture of simulation train-
ing devices and electro-optics.
Research in these innovative fields
takes place at the University of Cen-
tral Florida’s Institute for Simulation
and Training and Center for Electro-
optics and Laser Research.

Gulf Coast

Florida’s western coast—
primarily the counties surrounding
Tampa Bay—is becoming an impor-
tant center for high technology
business. The area’s major cities, St.
Petersburg, Tampa, and Clearwater,
are home to approximately 700 firms
doing business in computers,
telecommunications, electronics,
aircraft/missile guidance com-
ponents, industrial robots, defense
simulators and data recorders.

The Tampa/St. Petersburg area
hosts one public university, 26
private colleges and universities,
five public community colleges and
nine public vocational/technical
centers. This region’s high tech
employment has grown 49 percent
over the past five years.

Southeast Florida

Southeast Florida, including
Dade, Broward and Palm Beach
counties, is otherwise known as the
Computer Coast. These counties ac-
counted for 40 percent of the state’s
high tech employment and 33 per-
cent of its high tech firms in 1987.
This area’s industry is focused on
computing equipment, aircraft, and
pharmaceuticals.

Palm Beach County has the largest

concentration of computer and
communications-related industry in
Florida. High tech firms in Palm
Beach numbered 330 in 1987, with

IBM’s facility alone employing 8,000.

This region also is home to three-
quarters of Florida’'s pharmaceuti-
cals industry, and has developed a
significant portion of the medical
equipment industry.
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Top Gun: The Real Story

Top Gun, America’s best aviators,
train for perilous air-to-air combat in
this thrilling video, which features
actual dogfights, crashes, and MIG
confrontations. Color. 35 minutes.
($19.95)

Striking Back
Large radio-controlled models of air-
craft, tanks, and ships recreate

L Ob 4 4 4b b b 2b 4b b 2 g

Rush me the following VHS videotapes: (indicate quantity)

—__Space Shuttle Satellite Rescue ($19.95)

| have enclosed $

Name

Company

Address

City.

JOIN THE ADVENTURE

NASA Tech Briefs Aviation/Space Videotapes put you at the center of the action:

the battle for the South Pacific dur-
ing WWIL. Explosions, machine-gun
fire, and torpedo launches. Color. 40
minutes. ($19.95)

Skydiving—The Ultimate Thrill

All aspects of skydiving—from
preparation, jumping and freefall to
stunts and landings—are covered,
with close-up photography. Color.
30 minutes. ($19.95)

Climb into the cockpit of a high-flying jet and perform daring and dangerous
stunts; Experience the thunderous launch of a Space Shuttle; Explore the fiery
atmosphere of Jupiter or the frozen terrain of Mars. The choiceis yours. ..

— \ The adventure awaits.
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B-17: The Flying Fortress
See actual footage of the plane
used most often in the raids over
Germany. Includes interviews
with the men who flew over
Europe. Color/BW. 30 minutes.
($19.95)

The History Of Flight

Produced by NASA, this exciting
videotape examines man’s quest
to fly farther, faster, and higher.
Includes footage of the Wright
Bros., Charles Lindbergh, and
other innovators. Color/BW. 30
minutes. ($31.95)

Touch The Sky

Christopher Reeve goes inside
the cockpit with the world’s
fastest and most spectacular
stunt flying team, the Navy's
Blue Angels. Color. 60 minutes.
($34.95)

Space Shuttie—

Satellite Rescue

You're a part of the action as the
Space Shuttle Columbia’s crew
rescues and repairs an injured
satellite. Color. 30 minutes.

($19.95) . \

Prorgicest by NASA

vHS

Apolio XI .
Landed

. .The Eagle Has

Clips of America’s trium-

phant lunar landing. Produc-
ed by NASA, using actual

commentary and footage by
the astronauts. Color. 30
minutes. ($19.95)

Landing On Mars

Actual Martian landscape
captured in close-up, ground-
level photography from the
Viking mission. Color. 30
minutes. ($19.95)

NASA: The

Traces the steps of the Ex-
plorer |, Mercury, Gemini,
Apollo, Viking, Voyager,
Skylab, Space Shuttle, and
Space Station programs. Col-

25th Year

or. 50 minutes. ($29.95)

The Universe: A Journey
Through Space And Time
Journey to the Milky Way Galaxy
and beyond. Investigate the
origin of the universe, pulsars,
black holes, and more. Narrated
by William Shatner. Color. 30
minutes. ($29.95)

The Voyager Missions

Travel a billion miles to Jupiter,
Saturn, and Uranus, as seen
through the eyes of the Voyagers
1 and 2. Explore the planets, their
rings and moons. Color. 28
minutes. ($29.95)

Top Gun ($19.95)
B-17: The Flying Fortress ($19.95)

NASA: The 25th Year ($29.95)

Striking Back ($19.95)
History of Flight ($31.95)
______ Apollo XI ($19.95)
—__The Universe ($29.95)

plus $3.00 for postage and handling. Total enclosed: $

Skydiving ($19.95)

Touch the Sky ($34.95)
Landing On Mars ($19.95)

The Voyager Missions ($29.95)

(NY residents add sales tax)

State.

Zip

Send check or money order to:

NASA Tech Briefs, Dept. F, 41 East 42nd Street, New York, NY, 10017



Speechviewer, a product designed to help those with speech and hearing

disabilities, was developed in Boca Raton by an IBM group called Special

Needs Systems.

Southwest Florida

Medical computer software, finan-
cial data processing and avionics
are the high tech highlights for
Southwest Florida, the fastest grow-
ing area in the state. The region has
four colleges and universities, in-
cluding a branch campus of the
University of South Florida. Edison
Community College has the largest
endowment of any junior college in
the country, helping it to maintain

leading edge technology programs
such as robotics.

Florida is a high growth state in
every aspect of the word. Oppor-
tunities in high tech industry have
combined with the state’s fertile
business climate to create one of
the nation’s best profit en-
vironments. Florida’s economic
momentum is carrying the state into
the 1990s with sights set high for
the 21st century.

Biotechnological research at Florida universities promises positive results for
advanced agricultural engineering.

SOURCES: Building Florida's Future, a report to the Florida Legislature from the Board of
Regents and the Florida High Technology and Industry Council, 1987.

Florida Department of Commerce, Division of Economic Development.

Manufacturers of Near and
Mid IR Solid State Lasers,
customized laser rangefind-
ers, laser-based weapon sim-
ulators, optical communica-
tions systems, contactless slip
rings, and marine laser posi-
tioning systems.

Schwartz Electro-Optics, Inc.
3404 North Orange Blossom Trail

Orlando, FL 32804

Custom Precision Chargers
& Charger/Analyzers for
Nickel-Cadmium & Lead-

Aclid Batteries

Electronic Product
Development,
Manufacturing & Consulting
in Instrumentation &
Control.

JFM ENGINEERING, INC.
7880 N.W. 56th Street

Located on Florida’s Gulf
coast, Citrus County is ideal
for small to medium size

manufacturing facilities.

Florida Power’s Crystal
River energy complex is
located here.

Citrus County Industrial
Development Authority
PO Box 192,
Crystal River, FL 32629
904-795-5034

Tele: 407-298-1802 Miami, FL 33166 Frank M. Tamberrino,
Fax: 407-297-1794 305-502-2272 Executive Director
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GUIDE TO
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HIGH-TECH

Florida's leading companies in high
technology have been compiled to have at
your fingertips.

The new annual GUIDE TO FLORIDA HIGH-
TECH INDUSTRIES lists more than 3,500
companies in this fast-changing field with
key contacts shown by SIC, by counties and
alphabetically to assist your decisions.

See who is doing what in:

Aerospace

Biotechnology

Robotics

Microelectronics

Materials Science
And much more. The answers you need
FAST.

The Florida Chamber of Commerce
distributes the book nationally and overseas.
If you buy or sell high-tech products or
services, you need this directory.

Reach prospects and increase sales all year
long. Put your advertising message in the
guide. Check the box below.

At last, Some easy decisions.

[ send copies of the new GUIDE TO
FLORIDA HIGH-TECH INDUSTRIES at $75
each sent UPS. (In Florida add 6% sales tax)

[ Decision-makers will see my ad all year
long, so send the 1989 ratecard.
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(Continued from page 50)

directly, sending pressurized hydraulic fluid
to a hydraulic motor coupled to a rotating
alternator. Both concepts will be evaluated,
and one will be selected for final design, as-
sembly, and testing.

This work was done by Richard K.
Shaltens of Lewis Research Center. Fur-
ther information may be found in NASA
TM-88897 [N87-15031/NSP], “Advanced
Stirling Conversion Systems for Terrestrial
Applications.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra fee
by calling (800) 336-4700. LEW-14558

Piloted Simulations of a
VISTOL Aircraft

Flight and control
characteristics are
evaluated.

A report describes simulated flight tests
to evaluate the handling qualities and flight
characteristics of the Grumman Design
698 aircraft, a vertical and short takeoff
and landing (V/STOL) aircraft. The tests
were performed by pilots in the vertical mo-
tion simulator at Ames Research Center.

The tests showed that a classical con-
trol system is adequate for landing on a
destroyer in moderate seas and on an air-
craft carrier in heavy seas, as well as for
the relatively simple task of landing ver-
tically on a fixed pad. The classical control
system, based on single-axis control laws,
provides individual control of pitch, roll, and
yaw with aerodynamic surfaces, vanes,
and changes in engine thrust and nacelle
tilt. In addition, a modern control system
has been designed for the aircraft; it is a
direct digital integrated flight-propulsion
controller that gives the pilot uncoupled
velocity control and attitude control.

Although the simulation pilots had di-
verse backgrounds, all of them mastered
the aircraft with the classical control
system. The pilots who had no previous
VISTOL experience learned quickly.

According to pilots’ ratings and meas-
urements of the performance of the con-
trol system, a precision mode of flight con-
trol would be needed on a demonstrator or
production version of the aircraft. In addi-
tion, an unusual characteristic of the air-
craft would have to be eliminated: adverse-
nonminimum-phase acceleration, in which
a negative acceleration is the first result of
a pilot's control input.

The two-engine aircraft should incor-
porate cross-shafting so that a portion of
the thrust of one engine can be transferred
to the other. Cross-shafting will reduce the
recovery speed and the loss of altitude and
improve capability for safe ejection of the
pilot in cases of engine failure. In either

NASA Tech Briefs, January 1989

case, during a powered approach the pilot
should attempt to maximize the flight time
above the minimum recovery speed and
above the minimum altitude loss, thus
minimizing the flight time below these
speed and altitude limits.

This work was done by Megan A. Eskey
and Samuel B. Wilson Il of Ames Re-
search Center. Further information may
be found in NASA TM-86785 [N87-12558/
NSP], report “The Handling Qualities and
Flight Characteristics of the Grumman
Design 698 Simulated Twin-Engine Tilt
Nacelle V/STOL Aircraft.”

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

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center [see page 18].
Refer to ARC-11807.

Assessment of Semi-
Empirical Dynamic Stall
Models for Turboprop
Stall Calculations

Three semiempirical models
are compared.

A report presents the comparison of
stall-flutter responses obtained from three
semiempirical dynamic stall models. The
study is part of an effort to develop models
for the stall-flutter analysis of highly loaded
propellers (advanced turboprops).

Under normal conditions, the blade sec-
tions of a conventional propeller are at low
angles of attack, the flutter speed is high,
and generally there is an appreciable mar-
gin of safety between the operating speed
and the flutter speed. However, during the
takeoff period, the blade sections may op-
erate at high angles of attack and could be
subjected to stall flutter, a self-sustained vi-
bration in a periodically separated flow. The
flutter speed at this condition is very low,
and stall flutter affects the fatigue life of the
turboprop. Hence, the prediction of the
stall flutter speed is critical in design, and
an appropriate method of analysis of stall
flutter is necessary for research.

The prediction of flutter speeds at low
angles of attack (classical flutter) for ad-
vanced turboprops has been performed by
modifying the existing analysis methods.
However, studies of stall flutter have been
few and mostly empirical because of the
complexity in modeling periodically sepa-
rated flows.

In the report, the available models of dy-
namic stall are applied to simple structural
models to study the extent of their validity
and to select an appropriate model for ap-
plication to advanced turboprops. Three

models of dynamic stall are used together
with typical section and plate structural
models. The models are compared with re-
spect to their predictions of lift and mo-
ment hysteresis loops, predictions of limit
cycles, ease of implementation, and the
feasibility of developing the correspond-
ing stall models for arbitrary airfoils. A
plate model in conjunction with its normal
vibrational modes is considered to explore
whether the analytical integration of the
loads in the spanwise direction is feasible.
The numerical study is performed for a
single blade, and cascade effects are not
included. The analysis of response in-
cludes both plunging and pitching motions
of the blade.

In model A, a correction is applied to the
angle of attack when the angle of attack ex-
ceeds the static stall angle. In model B, a
synthesis procedure is used for angles of
attack above static stall angles, and the ef-
fects of history are accounted through the
Wagner function. In both models, the lift
and moment coefficients for angles of at-
tack below stall are obtained from tabular
data for a given Mach number and angle of
attack.

In model C, the lift and moment coeffi-
cients are given in the form of two differen-
tial equations, one for angles below stall
and the other for angles above stall. The
parameters of these equations are non-
linear functions of the angle of attack. The
effects of vortex shedding, an important
feature of dynamic stall, are not consid-
ered in model A, accurately considered in
model B, and approximately considered in
model C.

Model C involves fewer parameters
than does model B. Model A involves only
one empirical parameter but must be test-
ed on advanced turboprop airfoils and on
high-frequency, low-amplitude oscillations.
The differential form of model C may ren-
der it suitable for use in linearized analyses
of stability.

One conclusion reached during the
study is that the operating environment of
an advanced turboprop (high-frequency,
low-amplitude oscillations; sweep; and
high subsonic speed) favors the conditions
of light stall, in which loads induced by
vortexes are not severe. Therefore, simple
models like Aand C can be used to analyze
stall flutter and advanced turboprops.

This work was done by K. R. V. Kaza of
Lewis Research Center and T. S. R.
Reddy of the University of Toledo. Further
information may be found in NASA
TM-88917 [N87-18883/NSP], “A Com-
parative Study of Some Dynamic Stall
Models.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra fee
by calling (800) 336-4700. LEW-14657
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Photopolymerization of Levitated Droplets
Microspheres of controllable composition are made rapidly.

NASA's Jet Propulsion Laboratory, Pasadena, California

An experimental containerless process
combines two established techniques to
make a variety of polymeric microspheres.
In a single step, electrostatically-levitated
monomer droplets are polymerized by ul-
traviolet light. The process is faster than
the multiple-step emulsion polymerization
process now used to make microspheres.

Electrically-charged liquid droplets are
prepared by a commercial or laboratory
droplet generator. The droplets can include
amonomer or a mixture of monomers. Op-
tional ingredients include additives to
speed polymerization, magnetic particles,
fluorescent dyes, proteins, catalysts, and
blowing agents to induce porosity.

The droplets are suspended in a cylin-
drical quadrupole electrostatic levitator
(see figure). An alternating electrostatic
field produces a dynamic potential well
along the axis. Many densedropletsuptoa
few microns in diameter can be suspend-
ed along the axis without clumping. The ac
voltage required for levitation depends on
the droplet charge-to-mass ratio and is
typically about 3 kV.

The suspended droplets are irradiated
with ultraviolet light, which causes them to
polymerize into solid beads. The polymeri-
zation time depends on the ingredients and
the ultraviolet intensity; in preliminary ex-
periments, it took a few minutes. The micro-
spheres can be made unusually pure, not
only because the process is containerless
but also because no solvents or other reac-
tants are necessary for polymerization.

By the choice of ingredients and particle
size, it is expected that the process will
enable the tailoring of microspheres for
medical, scientific, and industrial applica-
tions. These may include the following:

* The magnetic separation of cancer cells;

* The labeling and visualization of cellular
structures by optical or electron micros-
Copy;

* Porous beads serving as large-surface-
area catalysts or catalyst supports;

* Affinity chromatography requiring uniform
microspheres;

78

In the Quadrupole Electrostatic Levitator (above), droplets to be polymerized are suspended
along the axis (below).

*The calibration of sieves and particle-
measuring instruments;
* Magnetic coatings for data storage; and
* Diagnosis, therapy, or drug targeting by
means of timed-release beads and/or
beads guided into position with magnets.
This work was done by Alan Rembaum,
Won-Kyu Rhim, Michael T. Hyson, and
Manchium Chang of Caltech for NASA’s
Jet Propulsion Laboratory. For further in-
formation, Circle 152 on the TSP Request
Card.
In accordance with Public Law 96-517,

the contractor has elected to retain title to
this invention. Inquiries concerning rights
for its commercial use should be ad-
dressed to

Edward Ansell,

Director of Patents and Licensing

Mail Stop 301-6

California Institute of Technology

1207 East California Boulevard

Pasadena, CA 91125
Refer to NPO-16551, volume and number
of this NASA Tech Briefs issue, and the
page number.

NASA Tech Briefs, January 1989



Semiempirical Model Would Control Czochralski Process
Simple equations relate processing conditions.

NASA's Jet Propulsion Laboratory, Pasadena, California

A semiempirical mathematical model
has been proposed for the control of the
growth of single crystals of silicon by the
Czochralski process. The model express-
es the dependence of the pulling rate and
the shape of the liquid/solid interface upon
the important process variables; namely,
the radius of the growing crystal, the tem-
perature of the crucible, the level of the
melt, and the height of the exposed portion
of the wall of the crucible. It is necessary to
control the shape of the interface ina man-
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A Simple Algebraic Model and a computer-
ized finite-difference model were used to
predict the convexity (negative Ar) or con-
cavity (positive Ar) of a crystal-growth inter-
face at various crystal radii and tempera-
ture differences.

ner consistent with the other variables, to
maintain a radially uniform concentration
of dopant, and to reduce thermally induced
stresses in the vicinity of the interface.

The Czochralski process is dominated
by the conductive transfer of heat inside
the melt and crystal; by the radiative
transfer of heat to and from the surfaces of
the melt, crucible, and crystal; and, to a
lesser extent, by convection in the melt.
The thermal environment near the inter-
face changes during growth because the
level of the melt falls, exposing more of the
wall. Thus, to grow a crystal of the required
diameter while maintaining the required
shape of the interface, it is necessary to ad-
just both the heating power (to affect the
temperature of the crucible) and the pulling
speed according to a mathematical model
of the process to compensate for the
changing conditions.

The equations are derived from basic
considerations of the transfer of heat
across all the affected surfaces. In this
analysis, convection is ignored, and the
melt is assumed to have a uniform temper-
ature. The equations are

v = (A—B,h AT)/R—B,AT/

h = h,—(p./p,)(R/R2L
h, = h,—h+h,
Ar = (a,—a,AT)R— (b, —b,AT)R?

where v = the pulling speed; AT = the dif-
ference between the temperatures of the
melt and the crystal; R = the radius of the
crystal; h and h,, represent the present and
initial heights of the surface of the melt, re-
spectively; h, and h,, represent the pres-
ent and initial heights of the exposed por-

tion of the wall of the crucible, respectively;
L = the total distance through which the
crystal has been pulled; R, = the radius of
the crucible; £.and £ represent the densi-
ties of the crystal and melt, respectively; Ar
= the difference in height between the
center and the edge of the interface; and
ay, Ay, @y Ay, by, By, by, and B, are con-
stant parameters that are found by fitting
the equations to measurements from the
crystal-growing apparatus to be controlled
or to the predictions of a more-complete
thermal analysis.

The equations were compared with the
results of such an analysis that was per-
formed with a conduction-dominated finite-
element model. Because the equations fit
the predictions so well, they might be used
to simulate complete growth cycles with-
out requiring the excessive computer time
that would be consumed by rigorous finite-
element modeling.

This work was done by M. P. Dudukovic,
P. A. Ramachandran, and R. K. Srivastava
of Washington University for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 41 on the TSP Request Card.

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

Washington University

Chemical Engineering

Campus Box 1054

One Brookings Drive

St. Louis, MO 63130
Refer to NPO-17271, volume and number
of this NASA Tech Briefs issue, and the
page number.

Gas-Jet Cooling Would Improve Czochralski Process
The diameter of the growing crystal would be more stable and controllable.

NASA's Jet Propulsion Laboratory, Pasadena, California

Controlled cooling by jets of gas would
improve the growth of single crystals of sili-
con by the Czochralski process, according
to a recent theoretical study. The rate of
cooling by jets thus joins the temperature
of the crucible and the pulling rate as an in-
put variable of the process that can be ad-
justed to achieve the required diameter of
the crystal and shape of the crystal/melt in-
terface (see figure).

The mathematical model of the process
takes account of the following major ther-
mal effects in the vicinity of the interface:

NASA Tech Briefs, January 1989

* The conduction of heat from the interface
into the crystal,

*The conduction of heat from the melt
across the interface into the crystal,

* Convective cooling of the crystal and of
the surface of the melt by the jets of gas
blowing horizontally just above the wall of
the crucible, and

* Radiative cooling of the side of the crystal.

In addition, the calculations include the ef-

fects of the pulling speed, the shape of the

crystal/melt interface, and the shape of the
melt/gas meniscus. The effects of convec-

tion in the melt and of the rotation of the
crystal are ignored.

Both simple analytical approximations
and detailed numerical simulations show
that cooling by jets offers some important
advantages: It can increase the pulling rate
at a given diameter, thus increasing pro-
ductivity. The shape of the interface and
the diameter are more stable than in a
system without jets, and either can be con-
trolled solely by adjusting the rate of flow
through the jets. In addition, the control of
the shape of the interface and the diameter
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The Critical Parameters of the Growing Crystal (the output variables of the Czochralski proc-
ess) can be controlled via two or all three of the input variables. One of the input variables
(usually pulling speed) can be held constant while the other two are adjusted to achieve the

required diameter and interface.

by varying the flow rate is more effective
than control through adjustment of the pull-
ing rate or of the temperature of the cruci-
ble. Furthermore, both the shape of the in-
terface and the diameter can be controlled
simultaneously by adjusting the flow rate
and either the temperature or the pulling
rate.
~ To achieve uniform doping of the crys-
tal, it is necessary to maintain a planar

interface. One of the disadvantages of
cooling by jets is a tendency to produce
concave interfaces. Other disadvantages
include difficulties in maintaining axisym-
metry and localized high thermal gradi-
ents, which increase thermal stresses and,
consequently, give rise to dislocations in
the crystal. The concavity of the interface
can be minimized by controlling all three in-
put variables. Axisymmetry can be promot-

ed by the use of multiple jets around the
crystal. The flow of gas will probably have
to be restricted to moderate levels to real-
ize all of its potential benefits.

This work was done by M. P. Dudukovic,
P. A. Ramachandran, and R. K. Srivastava
of Washington University for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 71 on the TSP Request Card.

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

Washington University

Chemical Engineering

Campus Box 1054

One Brookings Drive

St. Louis, MO 63130
Refer to NPO-17272, volume and number
of this NASA Tech Briefs issue, and the
page number.

Grinding Parts for Automatic Welding

Rollers guide a grinding tool along the prospective welding path.

Marshall Space Flight Center, Alabama

A skatelike fixture holds a rotary grinder
or file for machining large-diameter rings or
ring segments in preparation for welding.
The fixture-mounted grinder machines the
surface to a quality sufficient for automatic
welding; manual welding with its attendant
variations and distortion is not necessary.
The fixture was developed to enable the
automatic welding of parts, the manual
welding of which had resulted in a weld
bead permeated with microscopic fis-
sures.

An operator moves the fixture around
the circumference of the workpiece to be
welded. As the fixture is moved, the air-
driven rotary grinder removes materialtoa
preset, adjustable depth.

The fixture moves on five rollers that
maintain a fixed relationship with the work-
piece, thereby ensuring precise machining
(see figure). A pair of rollers guides the fix-
ture around the periphery of the work-
piece. Another pair rides on an edge to
control the lateral position of the cutter. The
fitth roller prevents the fixture from cock-
ing.

This work was done by Richard K.
Burley and William S. Hoult of Rockwell In-
ternational 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 18].Refer to
MFS-29329.

Handles

Rollers Workpieoe

Rotary File or
Grinding
Wheel

The Operator Grasps Handles to push the rolling fixture along the part. Rollers maintain a
precise dimensional relationship so that the grinding wheel can cut to a precise depth.

NASA Tech Briefs, January 1989
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Managing Data From Signal-Propagation Experiments
Computer programs generate characteristic plots from amplitudes and phases.

NASA's Jet Propulsion Laboratory, Pasadena, California

A software system enables a minicom-
puter to process data on the amplitudes 0175 . i r l ; T - : g
and phases of signals received during ex- i ‘
periments in ground-mobile/satellite radio
propagation. The system takes advantage
of the file-handling capabilities of the UNIX
operating system and the C programming
language. The system interacts with the
user, under whose guidance programs in
the FORTRAN language generate plots of
spectra or other curves of the types com-
monly used to characterize signals.

In the particular experiments for which
the system was devised, signals received
at 896 MHz are split into an in-phase chan-

0.150 —

0.075 — I

T i

nel and a quadrature channel, in each of
which the amplitude is sampled 1,000
times per second. With the help of a cali-
bration table, these raw data are preproc-
essed into equivalent data on the power (or
amplitude) and phase.

The preprocessed data are organized
into files, each of which consists of a se-
quence of 63 records of 4,120 bytes or
2,060 integers apiece. Each record con-
tains a sequence of 1,024 samples (thus
represent