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“After a while, you
get towondering. Am [
experimenting with it?

. Or is it experimenting
with me?”

548

The best way to cut down on the number of it to us. Or call 1-800-251-1717 (in Massachusetts,

trial runs you do is with RS/Discover™ experi- call 1-617-873-5000.) To reach our European head-
mental design software. It will help you design, quarters in the U.K., call (0784) 64455. If you’re
organize and analyze industrial experiments that interested in more information on the subject,

improve the quality and reliability of your products, write for our free booklet on experimental design.
optimize your production processes and reduce

your manufacturing costs. RS/Discover software - .

will give you graphical output of your results in Experimental Design Software

clear, statistically valid displays. For more infor- BBN Software Products Corporation
mation, clip your business card to this ad and send — — —— ——
See us at the Pittsburgh Conference.

RS Series software runs on DEC, HP, Sun and IBM micro, mini and mainframe systems. RS/Discover 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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Composite Testing Solutions

Acoustic Emission (AE), the real-time NDT technology that “listens,” is the answer
to testing today’'s advanced composites. Physical Acoustics, a world leader in
AE instrumentation, has developed solutions to your testing problems.

ON-SITE INSPECTION

Consistent, quick and easy detection of
impact damage, delaminations and other
structural anomalies—that's DCAT. The hand
held probe with rolling sensors lets your
technicians scan areas from one side without
sensor couplant.

From initial heat-up, through final cool down,
AE provides complete process information on
viscosity and cool down stresses.

DAMAGE ASSESSMENT

Don't lose an expensive prototype by
overloading. AE locates cracks before they
can be seen, so you can terminate the test
before it's too late.

THE SOLUTION

The LOCAN AT represents the State-of-the-Art
in AE instrumentation. This multichannel AE
microprocessor operates under MS-DOS™
and provides an extensive range of Real Time
analysis graphs. Its menu driven software
makes the LOCAN AT an ideal tool for either
the scientist or the technician.

Give us a call. We have the instrumentation
and the technical expertise for your com-
posite testing problems. Solutions, that's what
we at Physical Acoustics are committed to.

HQTS: PO Box 3135, Princeton, NJ 08543 ® (609) 896-2255 ® Telex 67-17731 ® FAX (609) 895-9726;
Dunegan-PAC Ltd. Norman Way, Over, Cambridge, CB45QE, UK ® (44) 954-31612 ® Telex (851) 81386 ®

PHYSICAL
Acousr'cs FAX (44) 954-31102; EuroPhysical Acoustics S.A. 74, rue des Grands Champs 75020, Paris, France ® (33)
CORPORATION  (14) 3562210 @ Telex (842) 220754; Nippon Physical Acoustics 8F, Okamoto L.K. Bldg. 2-17-10, Higashi,

MS-DOS is a trademark of Microsoft Corp.

The Integrated NDT People

Shibuya-Ku, Tokyo 150, Japan ® (81) (3) 498-3570 ® Telex (781) 33656 ® FAX (81) (3) 498-8450
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MORE HIGH-PERFORMANCE ALLOYS

IN MORE FORMS.
BECAUSE YOU KEEP FINDING
MORE JOBS FOR THEM.

At Inco Alloys International,
you'll find the world’s widest
selection of high-nickel alloys
in the widest range of forms
and sizes. Rod, bar, plate, sheet,
strip, section, pipe, tubing,
wire, and companion welding

roducts. All from one full-
{Dine manufacturer, all available
through a worldwide network
of sales offices and distributor
warehouses.

As the pioneers of nickel
alloy technology, our scientists
invented the ffloys whose
trademarks are synonymous
with quality and performance
—MONEL, INCONEL,
INCOLQY, INCO, NIMONIC,
BRIGHTRAY, and NILO.

These alloys offer superior
corrosion resistance, high-
temperature strength and other

special properties for your
most demanding applications,
prolonging equipment life
and preventing costly repair,
replacement and downtime.
A single source for the
properties and performance
you need, in the forms you
need, with the quality assur-

ance and traceability you need,

delivered where and when
you need them. Inco Alloys
International is the only name
you need to know.

For a free copy of our
“Quick Reference Guide]’

please write or call. In the U.S.,

Inco Alloys International, Inc.,

Huntington, West Virginia 25720.

Telephone (304) 526-5388.
Telex 886413. Telexfax

(304) 526-5441. In Europe, Inco
Alloys International Ltd.,

gin Works, Hereford,
En ]and HR4 9SL. Telephone
(0432) 272777, Telex 35101.
Telefax (0432) 264030.
MONEL, INCONEL, INCOLOY,
INCO, NIMONIC, BRIGHTRAY and
NILO are trademarks

of the Inco family
of companies

INCO ALLOYS
INTERNATIONAL
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way whatever your test raquiremem
From high speed digital ICs to high speed
optical devices...from electrical to optical
transmission systems.

So take the first step and contact Anritsu
today at 1-800-255-7234 or in NJ
201-337-1111. Anritsu America, Inc.

y mark ratios and programmable 15 Thornton Rd., Oakland, NJ 07436,
s up to 16 kps. Pattern and clock Fax 201-337-1111.
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. Newport .
Tables
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“Of course Newport
makes the best tables,
but their real strength is service.’

We visited with Dr. David Newport usually delivers from their many lasers are water-cooled, it's
Bloom, an OSA and IEEE Fellow and inventory. Their service on custom fairly common over the life of a table
an authority on ultrafast phenomena.  orders is also exceptional. Yearsago! that there will be some sort of water-
These are his thoughts on his research  placed an order for a custom table that related accident. With sealed holes,

and Newport tables. we literally had to build the lab around. you'll avoid those problems.”
; At the point when we needed the Build your future on a Newport
On ultrafast res h: table, it wasn't finished yet. I called table. Call Newport’s table experts at

“Right now, I'm working on
new ways to apply optical probing to
very high-speed microelectronics

testing. Today'’s high-speed devices and LIVl respoiy eoneas. ® Newpor-t

Newport, and they worked around the (714) 965-5493.
clock to complete it. | was amazed at

circuits have evolved to the point On sealed mounting holes:

where advances in performance are “I'm really happy that Newport Unshakeable Quality
limited by the development of faster tables now have sealed holes. Because

measurement techniques. In that area, Newport Corporation

we've been able to make some major
contributions. It's very rewarding to
see that testing, so often relegated to a
supporting role, is at the forefront of
this area of research.”

18235 Mt. Baldy Circle
Fountain Valley, CA 92708
Europe: Newport GmbH,
Ph. 06151-26116

U.K.: Newport Ltd.,

Ph. 05827-69995

On Newport service:

“Building a good table is one
thing, but Newport's real
strength is that they're
service-oriented. For
example, while you
might wait three
months for another
manufacturer to
build a table,

Dr. David Bloom,
Associate Professor of Electrical Engineering
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Designed to Fit

e NEC L

TI-23A CCD CAMERA

Once again, NEC has designed

TI-23A Shuttered Monochrome
512(H)x492(V) pixels

(Note: Camera shown is life size.)

enough to work in your most de-

and built an industrial camera spe-
cifically suited to your needs. The smallest in NEC's
long line of compact cameras, the rugged little
(1%4"x1%4"x4%5") TI-23A, features an electronic shut-
ter that freezes action up to %000 of a second. With-
out blurring. Or a strobe.

Add to that the endurance and dependability of
CCD chips, and you've got a camera that's tough

manding applications, yet sensitive
enough to pick up even the smallest images. That
can be vital in advanced, highly technical settings.

So no matter how specialized — or difficult — your
need is, take a long look at our whole line of well
designed, well built cameras. There's one with your
application on it.

i ~ i) | TI-22A1 Monochrome TI-24A High-Resolution i'“‘" 4 i
s—r 384(H)x490(V) pixels Shuttered Monochrome ——
‘ 5 728(H)x493(V) pixels |
230" 2.30°
l ™ T1-22A CCD CAMNIE;:RCA © Ti-24A 0CD UNHEE'RCA
& AR | _T-50ES High-S = 63
s Shuttered Monochrome f =
390(H)x493(V) pixels nc-
i 20 Coom caem :]
oll ot oo Bl g bt;lcghs Higgdﬁfsolllj-tion 4 7 3 NE! }:’
i o ariable Shuttered Low Light Color o
) -« (" 670(H) x 492(V) pixels
I ; ||
a7 i I I 39"
5.16"

mnmm% E
[0

T

NC-110 Color, RGB Available
384(H)x490(V) pixels

NEC

NEC America, Inc., Broadcast Equipment Division » 1255 Michael Drive « Wood Dale, IL 60191
Phone: 312-860-7600 « Fax: 312-860-2978 « Twx: 910-222-5991

Computers and Communications

©1987 NEC America, Inc.

652-061
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Withtotal 1 year =5°C accuracies
to 4.7ppm DCV and 40ppm ACV,
the 4708 Multifunction Standard
from Datron Instruments is the
world’s most advanced
programmable calibrator.

As instrument manufacturers
push calibration requirements
ever higher, the unrivalled levels
of performance and capability
the 4708 provides, ensures that
your calibration investment today
will be viable in the future.

If your current requirements do
not include all functions, the
4708 can be supplied in DCV
only, ACV only, or DCV and ACV
configurations; the addition of
the Resistance and Current

option makes the unit fully
multifunctional. IEEE-488 is
fitted as standard and, of course,
any option can be retrofited as
required.

The 4708 features a cost
effective built-in wide bandwidth
1000V amplifier with a capability
of supplying 1000V at 33kHz or
750V at 100kHz. This enables the
wide range of hand held, bench
or systems DMMs requiring
calibration at high voltage and
high frequency to be handled
without extra equipment cost.
Full compatibility with Datron’s
high current calibration products
and calibration software gives
the 4708 even greater flexibility.

_ OUTPYY

Accurac odularity, Price...
spec by spec the 4708 is right on target!

QUTPUT

:;LOB AUTOCA|
ATIFUNCTION
STANDARD J

The 4708 is available now at a
very affordable price. For full
details and a fact-filled brochure
call us today.

United States:
San Diego, Cal. (619) 565-9234
Suffern, N.Y. (914) 357-5544

United Kingdom:
Norwich (0603) 404824

77008 G

INSTRUMENTS

A WAVETEK COMPANY ez

Leading through performance
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YOU NAME IT.

AIRESEARCH IS INVOLVED / &
WITH LIFE SUPPORT.

Throughout the thirty-year history we orbited with Skylab, providing an atmo- rials and techniques not available else-
of the NASA manned space program,  sphere conducive to scientific research.  where. Technology that will eventually
AiResearch has supported the lives of a Today, working with several of take life support beyond earth orbit.
generation of space explorers. America’'s most prestigious aerospace Make our world-class facilities and

We drew our first breaths aboard the contractors, we're expanding our broad  other space experience part of your next
Mercury flights. We were there when the  technological base. With several systems project. After all, no one should work in
whole world held its breath during Amer- aboard the space station. avacuum.
ica’s first EVA, a spacewalk from a Gemini Supporting this growth in technology AiResearch Los Angeles Division,
capsule. We watched over Apollo's one  is the Allied-Signal Engineered Materials 2525 West 190th Street, Torrance, CA
great step for mankind. And for six months, Research Center. Here we explore mate- 90509, (213) 512-5488.

Allied-Signal Aerospace Company
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nationwide team of research-

ers is creating a tough new

breed of structural ceramics
capable of surviving the crushing heat
and stress within an automobile
engine. Their efforts—part of the five-
year Advanced Turbine Technology
Applications Project (ATTAP)—will
provide a technology base for com-
mercial development of ceramic gas
turbine engines, envisioned as one day
replacing conventional piston power
plants in cars and trucks.

Ceramic gas turbines could reduce
automobile weight and improve fuel
efficiency, while also eliminating
dependence on foreign-sourced
strategic materials such as titanium
and cobalt. Improved corrosion/wear
resistance, reduced exhaust emis-
sions, low vibration, and multi-fuel
capability are further benefits the
ceramic engine would offer.

Sponsored by the Department of
Energy and managed by NASA’s Lewis
Research Center, ATTAP builds on the
pioneering work of the Automotive
Gas Turbine (AGT) program which ran
from October 1979 through June 1987.
Engines with ceramic parts were
operated successfully for over 250
hours during the program, including an
85-hour test of an all-ceramic hot sec-
tion at 1204 degrees Celsius and
100,000 rpm rotor speed.

“The AGT program proved the fea-
sibility of a ceramic gas turbine
engine,” said Robert Evans, Manager
of the Terrestrial Propulsion Office at
NASA Lewis. “It also pointed out a
number of technology challenges in
the design, fabrication, and testing
of structural ceramics that must be
answered before the U.S. automotive
industry can reasonably commit to
full-scale development.”

ATTAP’s two contractor teams—
headed by the Garrett Auxiliary Power
Division of the Allied-Signal Aero-
space Company and General Motors’
Allison Gas Turbine Division—are tak-
ing up the challenge by developing
analytical tools for ceramic compo-
nent design, refining processing and
manufacturing methods, and perfect-
ing nondestructive evaluation tech-
niques. To generate a greater fund of
knowledge, ATTAP participants will
fabricate parts for two types of test
beds: the Garrett AGT101 single-shaft,
radial-inflow engine, and the Allison
AGT-5 two-shaft, axial-flow engine.
The project will culminate with 400
hours of engine durability tests at
temperatures up to 1371°C to verify
the technologies developed.

Design Tools

ATTAP researchers are forming life-
predictive design methods in the
critical areas of impact, contact, and

12

thermoelastic behavior of ceramic
materials and parts. If ceramic engines
are everto be aviable commercial pro-
duct, design engineers must over-
come the problem of foreign object im-
pact damage. Tiny particles entering
the turbine inlet flowpath can wreak
havoc on the rotor and stator, slashing
engine life drastically. A two-year
study at the University of Dayton
Research Institute will measure the
damage threshold of ceramics chosen
for ATTAP and create algorithms for
projecting impact damage. “The study
results will provide tools for designing
engine parts that have increased im-
pact tolerance,” explained Evans.

Getting Into Shape

The advanced ceramics selected for
ATTAP are very hard materials—an im-
portant attribute in fighting wear. This
means, however, that grinding is cost-
ly and time-consuming. To reduce ma-
chine time in the green (unsintered)
state, ATTAP contractors will utilize,
where practical, net shape forming
methods such as injection molding
and extrusion. “Through refinement of
these forming techniques,” stated
Evans, “we hope to achieve parts that
could be economically and reliably
mass-produced for car engines.”

Four materials suppliers are de-
veloping fabrication methods for the

NASA Tech Briefs, February 1989



turbine rotor, considered the engine’s
critical component because of its high
temperature requirements, geometric
complexity, and susceptibility to im-
pact damage. Both the Garrett
Ceramic Components Division and
Norton/TRW Ceramics are experiment-
ing with pressure slip casting of
fracture-resistant silicon nitride ma-
terials for radial turbine rotors. The lat-
ter company is also applying Taguchi-
based design methods to powder ben-
eficiation, dewaxing, hot isostatic
pressing (HIP), and other process
areas.

Rotor development activity at GTE
Laboratories has two objectives: to im-

NASA Tech Briefs, February 1989

prove injection molding techniques for
axial turbine rotors and to toughen
silicon nitride material systems by ap-
plying silicon carbide whisker rein-
forcement. Tests have shown that this
composite material can be successful-
ly densified by hot isostatic pressing,
with a resultant increase in strength.

The Carborundum Company’s
Structural Ceramics Division plans to
form axial rotors through injection
molding of Hexoloy® SA, a sintered
alpha silicon carbide material that is
widely used for seal rings in car water
pumps. Carborundum researchers are
conducting analytical modeling of the
plastic forming process to improve the

Left: An injection-molded silicon nitride
turbine rotor produced for the Advanced
Gas Turbine (AGT) program. Experience
gained in that program provides the basis
for current ATTAP activities.

(Photo courtesy GTE Laboratories Inc.)

consistency of both the rotor structure
and the injection molding process.

Other engine parts selected for
development in ATTAP include:

Turbine Stator. Another complex
shape, the stator has 19 segments,
each with contours that must be
precisely controlled for aerodynamic
performance. U.S. suppliers have not
yet demonstrated net shape forming
of the stator with materials that ex-
perience shrinkage during densifica-
tion. Norton/TRW will attack this pro-
blem with HIPed silicon nitride (HSN).
“Dimensional control could be at-
tained in HSN through a thorough
understanding of shrinkage rates,
residual stress, forming stresses, and
control of densification schedules and
hot zone temperature variation,” said
Bryan McEntire, Operations Manager
for Norton/TRW Ceramics.

Ceramic Wave Spring. Carborun-
dum is developing a process in which
thin sheets of Hexoloy SA are extrud-
ed and then stamped into shape. Main-
taining the spring’s sinusoidal wave
form during densification will require
creative furnace supports and precise-
ly controlled hot zone temperatures,
coupled with a homogenous green
density free of minute residual
stresses that could occur during green
forming.

Transition Duct. Injection molding
of silicon nitride will be used to pro-
duce the transition duct, which derives
its name from the transition of hot gas
flow from the combustor discharge to
the larger diameter turbine statorinlet.

Turbine Backshroud. This highly
stressed part will require a new type of
reinforced ceramic to work reliably at
the elevated temperatures proposed
for ATTAP testing. Carborundum’s ex-
periments involve ram pressing of
Hexoloy ST, a silicon carbide tough-
ened by dispersed particles of
titanium diboride. Fifty percent
stronger than direct sintered silicon
carbide, Hexoloy ST offers the bonus
of being electro-discharge machinable.
This stock removal technique could
significantly reduce the cost of a
final component when coupled to net
shape forming development.

Ceramic Scroll Assembly. Efforts
here are directed toward slip casting of
Hexoloy SA. Carborundum is perform-
ing statistically designed processing
matrices to evaluate the effects of
starting powders and slip processing
on component castability and process
yield.
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The AGT101 regenerated gas turbine engine will serve as a test
bed for ceramic rotors, stators, transition ducts, wave springs,
and turbine backshrouds developed by ATTAP subcontractors.

Regenerator Disk. Corning Glass Works is researching
ways to extrude alumino-silicate regenerator disks for the
AGT-5. The extrusion process should vastly improve unifor-
mity, strength, and cost relative to the spiral wrapping
methods developed for metal turbines.

The Ultimate Test
Nondestructive evaluation (NDE) methods such as x-ray
computed tomography, optical holography, and nuclear

magnetic resonance imaging will play a central role in both
quality assurance and process refinement during ATTAP.
“We’re not just using (NDE) techniques to detect flaws in
the finished parts, but rather to improve each step in the
fabrication process,” said Dr. Truett Sweeting, Technical
Manager for Carborundum’s Structural Ceramics Division.
“For instance, we can use tomography to look at an
injection-molded rotorin the green state and find out where
the density variations are, then go back and change the
molding parameters or make other adjustments to improve
consistency.”

Voids, iron wires, and other seeded defects will be
placed in select materials to determine resolution and
detection limits for current NDE techniques, as well as to
examine the potential of new testing technologies.

Trial by fire—destructive evaluation of finished parts in
test rigs and engine test beds—is slated for 1991-92. The
rigs will be used in part to evaluate components under con-
ditions that are predicted to cause failure. Subsequent
analysis will correlate fracture origins with peak stress loca-
tions and determine if design and/or process modifications
are needed.

ATTAP results will be summarized in a Ceramic Design
Manual to be published at program’s end in 1992. The
manual will contain verified design methods and material
characterizations to help U.S. industry adapt the new
technology in avariety of applications. NASA hopes to use
ATTAP innovations to develop high-temperature parts for
Space Station and other future spacecraft.

“Even if ceramic gas turbines never reach the
marketplace,” said Dr. Sweeting, “ATTAP will still be suc-
cessful by advancing the state of ceramics technology in
this country, and thereby helping U.S. materials companies
to keep pace with growing foreign competition.” [J

Time Code
Instrumentation

Professionals in many disciplines rely on recorded time code as a primary reference in data correla-

tion and control applications. For nearly 20 years we've supplied quality timing instrumentation to

customers in fields as diverse as entertainment, medical research, flight test and deep space
exploration.

Datum produces a comprehensive line of timing instrumentation products, from rack mounted
units designed for moderate environments, to ruggedized equipment for airborne, shipboard
and mobile applications. Manufactured to commercial standards or military specifications
requiring QPL certification, these instruments include time code translators and
generators, tape search units, digital clocks and displays. A host of options
enables the designer to maintain cost effectiveness while achieving
optimum system configuration.

~
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We also design and manufacture complete range timing systems to
customer specifications.

For more information or applications assistance, call or write.

Timing Division
1363 S. State College Blvd., Anaheim, CA 92806-5790
(714) 533-6333
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AfterAllTheses

1946

When the David Sarnoff

Research Center was working on

color TV in the early 1940’s, people may
have thought, “That’s crazy!” Yet, in 46
we publicly demonstrated a practical, all-
electronic compatible color TV
system. It was accepted as the
industry standard in 1953,
and is still used today.

1955-'86
Is it outrageous to work with an
Emmy-award winning research center?
& The fact is, we've won fwo Emmys over
W \\ the years for bringing new technology
into the home: one in 1955 for the tri-
_ color picture tube and another in
& 1986 for stereo TV. Today, we're

1964 advancing audio, video and

In the 1950’s, the concept of low-power, high-speed integrated
circuits a few thousandths of a square inch in size existed
only in science fiction, and the laboratory. But in 1964,
we introduced the first complementary metal
oxide semiconducting chip. Then demon-
" strated its marketplace value by building the
first CMOS 8-bit microprocessor.

u

¥ computer technologies that may
become the fully integrated home

information center

of the future.

SVIVN/SVIY @

Was it preposterous of us to 2
reproduce the power of a room-s
laser in a smaller unit? No, we actually made our latest

surface-emitting diode lasers smaller than the head of a
pin. But what's really incredible are the opportuni-

ties they’ve opened for miniaturizing equip- : 1987

ment in medicine, computing and satel- During the early 60’s,

lite communications. e We Were a pioneer in
superconductivity research,

and the leader in developing
commercial applications for
superconducting wire which
operated at extremely low
temperatures. Modern
superconductors have no
resistance to electricity at
twice the previous tempera-
ture and can levitate a magnet
like the one shown here, but we're working on super-

conductive circuits that will operate at room temperature.

" communications had
been linked via satellite, further
innovations seemed highly improbable.
Then one of our multidisciplinary research
teams developed the first solid state amplifier

for use in orbit, which doubled the capacity of our
early “birds,” and extended their operating life.

or over 40 years, the David Sarnoff Research Center has been turning man’s wildest
flights of fancy into marketplace realities.

Now, after all those years as a proprietary R&D facility for RCA and General Electric, Sarnoff
is an independent contract research center.

And business is growing like crazy.

Our continuing success in contracts and joint ventures ranges from computerized automobile
controls and radar measurements for steel blast furnaces to plasma physics.

Work in progress spans everything from high-definition television systems to transmitting data
by laser to erasable optic disks. For our current capabilities report,
contact Joseph C. Volpe, Vice President, Marketing, at the
David Sam<))ff Research Center, CN 5300, Princeton, NJ 08543-5300,
or call (609) 734-2178.

Then bring us your troublesome projects, allegedly impos- A EEg.EAR(f:gg,C,:ENTER :
sible technological hurdles and seemingly unreachable goals. s A Lot

We're crazy enough to turn them into serious successes.  Heads in the clouds, feet on the ground.
Emmy statuette is trademark of ATAS/NATAS.

DAVID
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New Product Ideas are just a
few of the many innovations
described in this issue of NASA
Tech Briefs and having promising
commercial applications. Each is
discussed 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 18). NASA’s patent-licensing
program to encourage commer-
cial development is described on
page 18.

High-Capacity Heat-
Pipe Evaporator

A heat pipe with a cylindrical heat-input
surface has a higher contact thermal con-
ductance than does a comparable one with

the usual flat surface. Because the cylindri-
cal heat absorber promotes the nearly uni-
form flow of heat into the pipe at all places
around the periphery of the pipe, it helps to
eliminate hotspots on the heat source.
(See page 73).

Picture Perfect.

With Cursor Controls
from Measurement Systems.

Incorporate our pointing devices into your graphics display. And
you'll see cursor control performance that goes well beyond

anything you’ve imagined.

These sophisticated trackballs, force operated joysticks and
mouse controls make excellent use of a store of knowledge
amassed over 25 years of research on the interaction of man and
machine. They re specifically designed for maximum efficiency
and economy in a broad range of graphics display applications:
process monitoring, laboratory analysis presentation, CAD
systems design, commercial data displays and others.

Draw your own conclusions. Call or write today for our

AE77

Measurement Systems, Inc.
121 Water Street, Norwalk, CT 06854 U.S.A. (203) 838-5561

free catalog.
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Reflection-Zone-
Plate Antenna

A new type of microwave antenna,
based on reflection holography, features a
design that can be modified to produce ar-
bitrary beam patterns by controlling the re-
lief pattern. The antenna can be planar or
contoured to the supporting structure. The
reflective efficiency of this simple device
can be doubled by modifying the transmis-
sive rings to phase-shifted reflective rings.
(See page 23).

Adaptive Force and
Position Control for Robots

A control system causes the end effec-
tor of a robot manipulator to follow a pre-
scribed trajectory and apply the desired
force or torgue to an object that it is
manipulating. The system does not require
knowledge of the complicated model of the
dynamics of the manipulator and its envi-
ronment. (See page 41).

Flexible, Polymer-Filled
Metallic Conductors

A procedure has been developed to
make materials that are both flexible and
reasonably good electrical conductors.
Beneficial properties of such a material
were demonstrated by a mixture of 76 vol-
ume percent gold and 24 volume percent
polytetrafluoroethylene codeposited by
ion-beam sputtering on a polyimide sub-
strate. (See page 57).

" This symbol

appears next
.. to technical
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-
scribed at the top of
this page.
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HOW YOU CAN BENEFIT
FROM NASA'S
TECHNOLOGY

SERVICES

It you're aregular reader of TECH BRIEFS, then you're already
mﬂumngmofomdmm-mdmmm
S

TeohnologyUtllh:ﬂon(TU)Nﬂm&naTE(gly
technical

BRIEFS only a fraction of the
information ications/en: nuﬂrg.mm by
Network as awhole. In f

Technology Uti

of the
and a ons services offered NASA's
Rl e w

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

ou can contact NASA's network of Industrial Applications Centers (IACs) for assistance in solving a specific technical problem or meeting your
information needs. The “user friendly” |ACs 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 consuitation 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
applications
Center (ARAC)

Indianapolis Center for Advanced

Research
611 N. Capitol Avenue
Indianapolis, IN 46204

Dr. F. Timothy Janis, Director

Research Triangle Park, NC
27709
H. Lynn Reese, Director

(919) 549-0671

NASA Industrial Applications
Ctr. 823 William Pitt Union
University of Pittsburgh

Pittsburgh, PA 15260

(317) 262-5036 Dr. Paul A. McWilliams,
Rural Enterprises, Inc. Exec. Director

Central Industrial Applications (412) 648-7000

Center/NASA (CIAC) NASA/Southern Technology
P.O. Box 1335 Applications Center

Durant, OK 74702 Box 24

Dr. Dickie Deel, CIAC Director

(405) 924-6822 Alachua, FL 32615
North Carolina Science and J. Ronald Thornton, Director
Technology Research Center (904) 462-3913

(800) 354-4832 (FL only)

(NC/STRC)
Post Office Box 12235

Progress Ctr., One Progress Bivd.

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

NASA/UK Technology
Applications Program
University of Kentucky
109 Kinkead Hall
Lexington, KY 40506-0057

William R. Strong, Director

(606) 2576322
NERAC, Inc.

One Technology Drive
Tolland, CT 06084

Dr. Daniel U. Wilde, President

(203) 872-7000

Technology Application Center

(TAC)
University of New Mexico
Albuquerque, NM 87131

Dr. Stanley A. Morain, Director

(505) 277-3622

NASA Industrial Applications
Center (WESRAC)

University of Southern California
Research Annex

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)
NASA/SU Industrial Applications
Center

Southern University Department
of Computer Science

P.O. Box 9737

Baton Rouge, LA 70813-9737

Dr. John Hubbell, Director

(504) 7716272

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

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) 864-2484

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

Technology Utilization
Officer: Donald S.
Friedman

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

Patent Counsel:

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

Jet Propuilsion 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
Mgr. for JPL: Dr. Nor-
man L. Chalfin

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

George C. Marshall Lyndon B. Johnson
Space Flight Center Space Center
Technology Utilization Technology Utilization
Officer: Ismail Akbay  Officer: Dean C. Glenn
Code ATO1 Mail Code IC-4
Marshall Space Flight Houston, TX 77058
Center, (713) 483-3809

AL 35812 Patent Counsel:

(205) 544-2223 Edward K. Fein

Patent Counsel: Mail Code AL3

Bill Sheehan Houston, TX 77058
Mail Code CCO1 (713) 483-4871
Marshall Space Flight nyasa Headquarters
Center, Technology Utilization
AL 35812 Officer: Leonard A. Ault
(205) 544-0021 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 Facllity 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 Facility, Technology Utilization Office, P.O. Box 8757, Baltimore,
MD 21240-0757. Walter M. Heiland, Manager, (301) 859-5300, Ext. 242,

243
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Now:

Monarch” GPS
navigation puts 3-D
accuracy onboard.

continuous autonomous spacecraft
navigation with order-of-magnitude
improvements in position, velocity,
and timing accuracy. Radiation-
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,

Government Electronics Group
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Bipolar Battery Using Conductive-Fiber Composite
Improved lead/acid battery features reduced weight and

increased energy and power densities.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

improved battery uses no antimony and no
grid, with the result that gas is evolved at

In an improved version of the bipolar
lead/sulfuric acid battery, electrically-
conducting fiber/polymer composite sub-
strates are used in place of metallic sub-
strates. Sealing and corrosion problems
associated with metallic substrates are
thereby reduced. Other benefits include a
halving of weight, increased energy and
power densities, and a much lower gas-
sing rate.

A conventional bipolar battery includes
electrodes on which positive active materi-
al (PbO,) forms one surface and negative
active material (Pb) forms the opposite sur-
face. Sandwiched between the two surfaces
is a substrate, usually a metal, that con-
ducts electrons but not electrolyte ions. Bi-
polar electrodes are stacked into a multi-
cell battery such that the electrolyte and
separators lie between adjacent electrodes.
The end electrodes are unipolar, of course.

In the improved bipolar battery (see fig-
ure), the conductive biplates and bipolar
separators are made from a composite —
typically, 50 percent by weight of graphite
fibers embedded in polyethylene. Electri-
cal contact between the biplate and the ac-
tive material is achieved by narrow lead
stripes plated onto the biplate surfaces.

Each bipolar separator is composed of a
sheet of the composite, on each side of
which is bonded a porous graded glass-fi-
ber mat. The glass mats hold the positive
and negative electrode materials in place.
They provide transverse porosity for H,
and O, gases and add to the axial compli-
ance of the bipolar stack, thus assuring
uniform clamping pressure. The positive-
side mat also protects the separator from
oxidation by contact with the PbO.,,.

As shown, the entire assembly is clamped
between pressure plates. The axial pres-
sure helps to contain active material and to
maintain electrical contact between the
active material and the biplates.

The amount of H, and O, gases given
off depends on the amount of antimony in
the grid structure. Antimony is normally
added to give structural strength and toim-
prove adhesion of the PbO, to the grid. The

20

about one-tenth of the usual rate. Thus,
electrolyte needs to be added at about a
tenth of the usual frequency, and safety is
increased because of the reduction in hy-
drogen gas.

Sealing problems are largely eliminated

Negative
Current
Collector

Cutaway

ension Rod

.,

Conductive
Biplate
Positive
Material
Fiber
Mat

B A LA

Negative
Material

+ NSO S S 6 D 0 )

Electrolyte

Separator Case

A Bipolar Lead/Acid Battery using the new composite materials contains unit cells clamped
together between pressure plates. Among other benefits conferred by the new approach,
the clamping pressure improves the retention of the electrode materials.

NASA Tech Briefs, February 1989



MIL-C-39012:

Crimp BNCs, Category F SMAs.
Fast, simple, consistent.

Deal us your toughest jobs.

Current production environment: do it
better, do it faster. When it comes to the
business end of a coax line, we help. Every-
thing we offer—from BNCs to SMAs—
meets spec, lowers costs, and puts you ahead
of the clock.

Our Category F crimp SMA for semi-
rigid cable, for example. Typical termination
time: 15 seconds. No X-ray testing. Our
phase Match Kit gets you performance
out to 26.5 GHz, on the first try. And the
crimp is so secure that finished terminations

handle vibration levels that would tear
soldered connections apart.

Our blind mate versions float just
enough to make life bearable in tight spots.
And our retractable coupling nut version
allows visual alignment for perfect mating.

Call us at 1-800-522-6752. We're
ready to field your questions and requests.
AMP Federal Systems Business Group,
Harrisburg, PA 17105-3608.
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since, unlike metals, the fiber composite is
easily bonded to the non-conductive plas-
tics used to construct the battery case. Im-
proved energy and power densities are
due, in part, to the elimination of the grid
masses and grid losses and to the use of
reduced active-material thickness and im-
proved surface-to-volume ratios.

The improved bipolar battery can be
used in all customary storage-battery appli-
cations. Because of its improved energy-

to-weight ratio, it should be especially im-
portant for electric-vehicle development.

This work was done by Wally E. Rippel of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 65
on the TSP Request Card.

Title to this invention, covered by U.S.
Patent No. 4,353,969, has been waived un-
der the provisions of the National Aero-
nautics and Space Act [42 U.S.C. 2457(f)].
Inquiries 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

1207 East California Boulevard

Pasadena, CA 91125
Refer to NPO-14994, volume and number
of this NASA Tech Briefs issue, and the
page number.

Photodiode-Coupled Light Modulator

The absorption of one light beam would control the transmission of another.

NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed high-performance monoli-
thic light modulator would comprise a p-
doped/intrinsic/n-doped (PIN) GaAs photo-
diode grown directly over an InAs/GaAs
PIN multiple-quantum-well (MQW) diode
(see figure). The construction of the new
modulator depends on recent advances in
molecular-beam epitaxy, which make
possible the growth of such new types of
InAs/GaAs strain-layer semiconductor
microstructures as MQW'’s and composi-
tional superlattices that have enhanced
electro-optical properties. Standard litho-
graphic and etching techniques could be
used to form two-dimensional arrays of the
modulator elements for use as spatial light
modulators. These would be useful in the

processing of images or other arrays of
data at very high throughput rates. Metal/
semiconductor field-effect-transistor cir-
cuitry could be included on the periphery of
the GaAs chip for control of voltage and
frequency to the array.

In the new modulator, the “writing”
(modulating) signal would be a beam of
light of photon energy greater than the
GaAs bandgap, while the “reading” signal
(the signal to be modulated) would be a
light beam of photon energy less than the
bandgap and at the exciton level of the
MQW's. The “writing” signal would be ab-
sorbed in the upper diode: this would
charge the n*/p* node with the integrated
photocurrent and thus increase the volt-

age across the MQW diode. This increase
in voltage increases the electric field. Act-
ing on the MQW's and via the quantum
confined Stark effect, modulates the trans-
mission of the reading signal through the
MQW diode. The information written in the
modulator is erased when the applied volt-
age Vis set to zero. Therefore, the integra-
tion time (or sensitivity) and frequency re-
sponse canbe selected for a given applica-
tion.

Since this modulator is transparent to
the reading signal, it is practical to transmit
the reading signal through the GaAs sub-
strate without having to make membrane
structures (by etching the substrate), as is
done in the case of AlGaAs/GaAs MQW's.
The use of the InAs/GaAs for the MQW's
offers the flexibility of tailoring the quantum

Now you can transform into a 3-dimensional
prototype...

your ideas...

NASA Tech Briefs, February 1989



level and, hence, the wavelength of the
reading beam to Fhe Ionger wavelengths Signal Signal
associated with fiber optics; e.g., 1.3 or L

1.55 um. Its use in conjunction with <111>

oriented substrates offers potential of en-

hanced electro-optic effects due to strain. 5 A
This work was done by Joseph Maserjian ; Hole Electron

Reading Writing

G
and Sverre T. Eng of Caltech for NASA’s s

Jet Propulsion Laboratory. For further in- nt
formation, Circle 104 on the TSP Request = p+ \
V)

Card.
In accordance with Public Law 96-517, E | = MaW 3 inAsiGaAs
the contractor has elected to retain title to + %

this invention. Inquiries concerning rights nt
for its commercial use should be ad-
dressed to GaAs
Edward Ansell L
Director of Patents and Licensing
Mail Stop 3016 T \
California Institute of Technology
1207 East California Boulevard

Pasadena, CA 91125 A Photodiode-Coupled Multiple-Quantum-Well Modulator would include advanced semi-
Refer to NPO-16298, volume and number conductor microstructures that have enhanced electro-optical properties. Using standard
of this NASA Tech Briefs issue, and the lithographic and etching techniques for defining picture elements, such structures could be
page number. fabricated into two-dimensional arrays for use as spatial light modulators.

Modulated
Output

Reflection-Zone-Plate Antenna ‘ controlling the relief pattern, and the anten-

. : . na can be planar or contoured to the sup-
A microwave antenna is based on reflection holography. porting struchire. The antenna has a low

off-axis radar cross section at frequencies
Langley Research Center, Hampton, Virginia removed from the operational frequency.

Many large-aperture microwave anten-

Anew type of microwave antenna, based signed and tested. The design can be mod- nas are adaptations of optical systems, the

on reflection holography, has been de- ified to produce arbitrary beam patterns by most common being parabolic reflectors

...just as fast as you can get your hands
on this Roland CAMM-3 Modeling Machine!

+ | ferrous metals like aluminum and brass. By
f 1 maintaining a positioning accuracy of 0.0004"
| across its 7" x 6” x 6” travel, the CAMM-3 is perfect

~ for applications like PC board drilling, EDM
electrode machining, light production, and
CAD/CAM training.

Roland’s CAMM-3 Modeling Machine.

Helping you design the future.

THE CAMM-3 FROM
Bl Roland

I DIGITAL GROUP
WE DESIGN THE FUTURE

The Roland CAMM-3 Computer Aided Modeling
Machine lets the designer take his ideas to an exact 3-D
model . . . fast!

Designed like a 3-D plotter, the CAMM-3 is an
innovative new computer peripheral. With the
CAMM-3 and its MicroModeler software, an engineer can
translate his designs from any CAD system into a
functional model without any of the delays and
costs normally associated with prototype
development. No longer do designers need
to produce shop drawings nor wait the
days, weeks, and sometimes months it takes
before the model returns. And, should
there be a design flaw in the first model,
the process continues for every design
change.

The CAMM-3 can machine a wide variety of
materials including wax, wood, plastic, and non-

Roland Digital Group/Division of Roland Corp. US/7200 Dominion Circle/Los Angeles, CA 90040-3647/Call (213) 685-5141/FAX (213) 722-0911/Telex 67-4489 RCUS LS.
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Sun-Compatible
SIMMs

Clearpoint was among the
first to offer memory for your
Sun 3/60 and your 4/110.
Now, get lifetime-warranted
SIMM memory for Sun's
newest workstation entry,
the 386i. Clearpoint's
SNXSM or SNXSC Single-
In-line Memory Modules
(SIMMs) are both one
megabyte of memory, 9
DRAMs per module, 8 for
data storage and the ninth
for parity error detection.
Only from Clearpoint are
you assured of getting

the quality and reliability
your workstation can rely
on.

Clearpoint is a registered trademark of
Clearpoint Research Corporation. Sun is a
registered trademark of Sun Microsystems, Inc

of Sun Memory Products
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SNX2RAM

The first 32 MB board for
the Sun 3/2XX and 4/2XX
systems, Clearpoint's
SNX2RAM is still the best
Sun-compatible memory
product available. With an
on-board processor design,
the SNX2ZRAM runs a “di-
agnostic hot-line,” an on-
board communications port
hook-up, making possible
remote or local system-
independent diagnostics.
The SNX2RAM supports
double-bit error detection
and single-bit error correc-
tion and is available in 32,
16 and 8 MBs.

SNXRAM

Outshine the Sun! Go
beyond the 16 MB memory
capacity of your Sun 3/1XX
systems with a hefty 28 MB
upgrade. Clearpoint's
SNXRAM fits up to 28 MB
of memory on a single board,
for a powerful system
maximum of 32 megabytes.
Supporting parity error
detection, Clearpoint's
SNXRAM boards are
available in a wide range of
memory capacity: 4, 8, 12,
16, 24 and 28* MBs.

*Requires a ROM Rev. 2.6 or
higher

A

CLEARPOINT

Clearpoint Research Corporation
99 South Street
Hopkinton, MA 01748-2204
1-800-CLEARPT 508-435-2000 Telex: 298281
EUROPE: Clearpoint Europe BV. 31-23-273744
CANADA: Clearpoint Canada 416-620-7242
JAPAN: Clearpoint Asia 03-221-9726
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The Clearpoint

Difference

Clearpoint offers the best
combination of competitive
pricing, highest density,
greater reliability, and
unparalleled product
support. You can depend
on Clearpoint, the leader
in workstation memory,
providing an unconditional
Lifetime Warranty with a
24-hour Repair/Replace-
ment policy.

Call or Write;

Ask for our 1988-89 Catalog,
the Designer’s Guide to Add-in
Memory and the current issue of
our Memory Pointers newsletter.
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e Transmission

Reflection
Focus

Incident Plane Wave

Figure 1. The Reflective Efficiency of this
simple device can be doubled by modifying
the transmissive rings to phase-shifted
reflective rings.

Focus plane one-gquarter wavelength behind the
zone plate. Energy passing through the
transmissive circles is reflected back after
traveling a total of one-half wavelength,
equivalent to a phase change of 180°.
Figure 2 shows a 13-zone, phase-reversal
antenna 36 in. (0.91m) in diameter mount-
ed in an anechoic test chamber. A single
conical horn illuminates the antenna at the
design microwave frequency of 11.8 GHz.

The axial chromatic aberration of a zone

used for satellite reception. However, the
state of the art in the design of optical ele-
ments now extends to holography. The in-
terference pattern produced by a spherical
wave intersecting a plane wave consists of
concentric circles similar to Newton's
rings. This pattern is identical to that of a
Fresnel zone plate, which has lens proper-
ties. A plane wave incident on such a holo-
gram, or zone plate, is focused to a point.

Figure 1 shows an edge-on sectional
view of a zone plate that consists of alter-
nating transparent and opague concentric
circles. If the opaque circles are made
from a highly reflective metal, the transmit-
ted energy of the incident plane wave is
focused to a point to the right of the plate,
and the equivalent reflected energy is
focused to a point to the left.

The efficiency of this device as a reflec-
tion-zone plate can be doubled by modify-
ing the transmissive areas to introduce a
phase reversal to the reflected energy. One
way is to place a continuous reflecting

Figure 2. This Reflection-Zone, Phase-Re-
versal Antenna is made by bolting alumi-
num rings to an aluminum plate.

NASA Tech Briefs, February 1989

plate is not a serious problem in micro-

2 When your specs call
¢ for emission control,
call for Emcor’s
EMI/RFI series
Rt AT A AT AT AY
= .?ﬂ.ﬂa,,gm 4}3

Y
| §

Emcor offers a choice of shielding solutions, all of which are
tested to MIL STD 285. These enclosures combine high strength
with modular options and attractive esthetics. Emcor’'s commer-
cial EMI/RFI enclosures are fabricated from 14-gauge cold-rolled

.steel and are fully zinc-plated. Our Tempest-style

tion. They are fabricated from 12-gauge cold-rolled
steel, nickel-plated and feature a unique latching
system and door design (patent pending). Crenlo. Inc

Contact Emcor to discuss your EMI/RFI needs. .0 0 o nw
Our engineering staff has the knowledge and Rochester, MN 55901
experience to help solve shielding problems. We  phone 507-289-3371
can also design modified and custom products.  FAX #507-287-3405

enclosures provide even higher levels of attenua- c@
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wave applications, where the signals are
typically monochromatic. In fact, chroma-
tic aberration becomes an advantage in
that unwanted frequencies are not fo-
cused at the feed as they are in parabolic
reflectors. This reduces the level of inter-
ference and drastically reduces the off-
axis radar cross section of the antenna at
frequencies removed from the operating

frequency.

Furthermore, although the zone plate
can be difficult to construct for portions of
the electromagnetic spectrum, it is easier
to fabricate than is a parabolic reflector or
lens in the wavelength range of interest.
The flat surfaces are obviously more readi-
ly machinable than are parabolic surfaces
and are easier to mount and verify for in-

stalled-surface accuracy. Finally, off-axis
and specially-shaped beam designs can
be obtained by the use of existing com-
puter codes for binary holograms.

This work was done by John M. Franke
and Bradley D. Leighty of Langley Re-
search Center. For further information,
Circle 54 on the TSP Request Card.
LAR-13537

Closed-Loop Motor-Speed Control » /
[

Speed is sensed optoelectronically.

Marshall Space Flight Center, Alabama

The electronic motor-speed control cir-
cuit shown in the figure is designed to oper-
ate in an electrically noisy environment.
The circuit includes an optoelectronic pick-
up device, which is placed inside the motor
housing to provide a speed feedback sig-
nal. The circuit automatically maintains the
speed of the motor ata commanded value.
The major advantage of the particular cir-
cuit design is low cost.

The pickup device contains an infrared
light-emitting diode and a phototransistor.
The radiation from the diode is chopped by
the fan blades of the motor into pulses,
which are detected by the phototransistor.
The train of pulses from the phototransistor
is fed to a frequency-to-voltage converter,
the output of which is a voltage proportion-
al to the speed of the motor. This voltage is
low-pass filtered, amplified, and compared

with a manually-adjustable control voltage
that represents the commanded speed.

The difference between the speed-meas-
urement and speed-command signals is
amplified and fed as a control voltage toan
external power amplifier that drives the
motor. Aselector switch at the output of the
final amplifier of this circuit also enables
the operator to bypass the circuit and man-
ually set the control voltage for the external
amplifier.

This work was done by Matthew A. Smith,
Ray C. Delcher, and Steven W. Huston of
Rockwell International Corp. for Marshall
Space Flight Center. No further docu-
mentation is available. MFS-29469
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The Speed-Control Circuit measures the speed of the motor in terms of the frequency of pulses of infrared light chopped by the fan blades of
the motor. The difference between the measured and commanded speeds serves as a control signal for an external amplifier that drives the

motor.

Measuring Fracture Times of Ceramics
Electrical measurements complement or replace fast cinematography.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A relatively simple electronic system
measures the microsecond time intervals
between the impacts of projectiles on
ceramic tiles and the fracture of the tiles.

26

The instrumentation is used in research on
ceramics and ceramic-based composite
materials such as armor. The hardness
and low density of ceramics enable them

to disintegrate projectiles more efficiently
than metals can. However, the ceramics
also disintegrate in the process, and
research on ceramic armor depends on

NASA Tech Briefs, February 1989
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the accurate measurements of the inter-
vals between impacts and disintegrations
to ensure that the energies of the projec-
tiles can be fully dissipated. High-speed
cameras have been used to measure the
intervals, but they are not precise or fast
enough in the microsecond range.

The instrumentation includes a pat-
terned resistive film on the ceramic speci-
men, a triggering switch, break-detection
circuitry, and an oscilloscope (see figure).
The triggering device detects the projectile
at the instant of impact and signals the os-
cilloscope to start measuring time. As
cracks propagate through the ceramic,
they cut through the resistive film, increas-
ing its resistance. The break-detection cir-
cuit senses the increase and increases the
voltage to the oscilloscope proportionately.
The oscilloscope thus generates a plot of
the increasing resistance between impact
and final disintegration during an interval of
afewmicroseconds. The tracedata are re-
corded on magnetic diskettes and on
photographs of the oscilloscope traces.

The resistive film is formed by photolith-
ography. First, an insulating layer of amor-
phous silicon 3,000 A thick is deposited on
the surface of the ceramic specimen. A
layer of aluminum or titanium, also 3,000 A
thick, is deposited on the silicon by evapo-
ration. A layer of photoresist is applied to
the metal film and exposed to a pattern of
concentric convoluted lines. The pattern is

Ceramic
Triggering g
/ Switch 7
—
Projectile 0 3
A
- '
< 2
g
| N
L
Resistive
Film
Break Trigger
Detector Circuit
I l I ] [ 140~Volt Pulse ] I l
' Trigger Trigger Trigger
Input input Input
Oscilloscope s Oscilloscope Oscilloscope
and and and
Recorder Recorder Recorder
BEFORE IMPACT AT IMPACT AT FRACTURE

A Projectile Approaches a ceramic tile specimen (left). Penetrating the foil squares of a trig-
gering device, it activates the display and recording instruments (center). As the ceramic and
resistive film break, the oscilloscope plots the increase in the electrical resistance of the film

(right).

etched into the photoresist and into the
metal film below it, leaving concentric con-
voluted arcs of metal on the ceramic. As
the ceramic breaks after impact, the lines

are cut progressively.

Eight break-detection circuits monitor
the integrity of segments of the metal lines.
Each circuit generates a negative 5.6-V

I
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signal for the oscilloscope when its asso-
ciated segment is broken.

The triggering switch consists of two
squares of copper foil separated by an air-
gap of 0.02 in. (0.5 mm). One square is

bonded to the face of the specimen. When
the projectile strikes the other square, it
closes the gap, sending a 40-V pulse to the
instrumentation to start the measurement
of time.

This work was done by Paul J. Shiichta,
Leo Bister, and Donald G. Bickler of Cal-
tech for NASA’s Jet Propulsion Labora-
tory. For further information, Circle 143 on
the TSP Request Card. NPO-16738

Jacobi-Bessel Analysis of Antennas with Elliptical Apertures

A coordinate transformation improves convergence in
pattern analysis of elliptical-aperture antennas.

NASA's Jet Propulsion Laboratory, Pasadena, California

A modified version of the Jacobi-Bessel
expansion for the vector diffraction analy-
sis of reflector antennas uses a coordinate
transformation to improve convergence
with elliptical apertures. The usual Jacobi-
Bessel expansion converges rapidly (i.e.,
requires relatively few terms) for antennas
with circular apertures, but less rapidly for
elliptical apertures.

Because the modified Jacobi polynom-
ials (related to Zernike functions) used are
orthogonal functions over circular regions,
it is natural to apply them to circular aper-
tures. To apply these functions to an ellip-
tical aperture, the aperture is considered to
be circumscribed by a circle of diameter
equal to the major elliptical axis, and the in-
duced current on the portion of the reflec-
tor surface between the circle and the
ellipse is assumed to be zero. Because of
this discontinuity in the integrand, more
terms of the series than would otherwise
be needed must be computed to achieve
adequate convergence.

The lack of convergence can be reme-
died by the use of a coordinate transforma-
tion that re-expresses the elliptical case in
a form that is circular in the new variable
space. The radiation integral can be
tailored for an elliptical projected aperture
with major and minor axes of 2a and 2b by
the following change of variables in the in-
tegrand x' = atcos¥

y' = btsin¥, and
dx'dy’ = abt dtd¥
where x’and y’ are the original orthogonal
coordinates in the aperture plane and ¥ is
the azimuthal angle in the transformed
aperture plane.

After applying this transformation, per-
forming a Taylor-series expansion with a
central plane chosen to be as close to the
reflector rim as possible, incorporating the
Jacobi-Bessel expansion, and some addi-
tional manipulations, the resulting expan-
sion converges much more rapidly than
does the original expansion (see figure). It
is a simple matter to modify existing cir-
cular Jacobi-Bessel computer programs to
incorporate the elliptical algorithm.

This work was done by Y. Rahmat-Samii
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
32 on the TSP Request Card. NPO-16967
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The Difference in Convergence Behavior between the circular Jacobi-Bessel (top) and the el-
liptical Jacobi-Bessel (bottom) algorithms is indicated by the highest values of the indices
m, n, and p (indicative of the order of the expansion) required to achieve the same accuracy
in the computed radiation pattern of an offset paraboloidal antenna with an elliptical aper-

ture.
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world’s finest motori

At Klinger, we go to an in-
credible amount of trouble
to eliminate any eccentricity
errors in the motion of our
motorized linear stages. In
fact, you might think we're a
bit excessive, or eccentric,
ourselves.

For example, we insist that
every Klinger motorized
stage be thoroughly tested
and calibrated before ship-
ment. These tests can take
more than an hour each
time.

We test under computer
control using a laser interfer-
ometric system. Then we
print the test results and
pack them in the box with
every linear stage. We'd like
the proud owner of one of
our stages to appreciate
what a special product he
holds in his hands.

We know of no other man-
ufacturer who goes to so
much trouble and expense
to test their products’ preci-
sion. Perhaps that's because
no other manufacturer goes
as far as Klinger to make
their products so precise in
the first place.

' ' A

The incredible y
of a Klinger motori inear
stage begins with the'lead

screw drive system.

Unlike other companies,
Klinger manufacturers its
own lead screws. We begin
with heat-treated steel and
diamond correct the threads
so the profile and pitch - the
distance of travel per screw
revolution — approach per-
fection. This not only insures
accuracy, it reduces wear
and backlash. Our unique
drive nut is matched to the
screw and incorporates an
ingenious design for uncou-

pling any remaining eccen-
tricity in the screw from the
moving carriage, reducing
wear and improving long-
term performance.

KLINGER PRECISION
HAS NEVER BEEN SO
AFFORDABLE.
Because Klinger engi-
neers and technicians have
gone to so much trouble in
the design and manufactur-

ing processes, these linear
stages will improve the accu-
racy of any extremely pre-
cise application. Including
ultra-fast laser systems, opti-
cal breadboards, and laser
machining of metals, ce-

d the

ramics or semiconductors.

What's more, Klinger will
modify any stage to operate
in unusual environments. In
high magnetic fields, we can
use non-magnetic materials
and treat surfaces to reduce
reflections in laser laborato-
ries. And our stages have
demonstrated their accu-
racy and durability even at
liquid Helium temperatures
and in high vacuums.

We'll also provide adaptor
plates for any Klinger prod-
uct to accommodate either
metric or English mount-
ing holes.

Right now, Klinger prod-
ucts are priced more com-
petitively than at any time in
our company’s history.

To learn more about the
thousands of Klinger micro-
positioners and systems,
send for our free microposi-
tioning handbook. Write or
call Klinger Scientific Corpo-
ration, 999 Stewart Avenue,
Garden City, NY 11530.
(516) 745-6800.

HKLNGER

Building better positioning systems,
plece by perfect piece.

U.S.A. Headquarters: 999 Stewart Avenue, Garden City, NY 11530 (516) 745-6800.
Regional Offices: Northern California (415) 969-0247; Southern California (714) 999-5088. Worldwide distribution network: Contact
Micro-Controle, Z.1. de St. Guenault, B.P. 144, 91005 Evry Cedex, France. Tel.33(1)64.97.98.98. FAX 33(1)60.79.45.61.
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Optoelectronic Technique Eliminates Common-Mode Voltages
Small signals can be transmitted between circuits at large differences of potential.

Lewis Research Center, Cleveland, Ohio

An optoelectronic technique lends itself
well to the accurate measurement of any
electrical parameter and the display of its
value. The technique can accommodate a
broad range of measured values from milli-
volts to hundreds of volts and can provide
unlimited electrical isolation. In this tech-
nique, the measured parameter is convert-
ed to the duration, proportional to its value,

of a pulse of light. The pulse is transmitted
along an optical fiber to or from the isolated
circuit.

At the transmitter, the measured param-
eter is converted to the durations of pulses
in a common digital panel meter. It is nec-
essary only to locate the point in the meter
circuit where there is a correspondence
between the measured parameter and the

=
¥i CHEROKEE DATA SYSTEMS

PLUG &PLAY

Rugged Optical Drive Subsystems for Hostile Environments

Removable Cartridge
» 600 MB Capacity per Cartridge
* Permanent Data Storage
« Inherent Data Security
* Transportability
* Industry Standard 5.25" Cartridge

Host Adapter Boards and Driver
Software

« SCSI Host Adapter Board

* SCSI Host Cable

« Integrated System Interfaces
- MS-D0S™
— Sun UNIX™
— DEC UNIBUS™ and Q-BUS™
— Apple Macintosh™

Complete Rugged Optical Disk Drive
Subsystems
= Enclosures for All Applications
Including Low EMI/RFI
« Designed for High Levels of
Shock & Vibration
* —20°C to +65°C Operating
* Industrial Grade Components
* Positive Air Flow
« Proven Reliability

Shipping in Quantity Today
* 0.EM.
» Systems Integrators
* Dealers/Distributors

Call us today for detailed specifica-
tions and a copy of Cherokee's
Complete Guide to Optical Disk Drive
Subsystems.

Cherokee Data Systems, Inc.
1880 S. Flatiron Court
Boulder, Colorado 80301
Toll Free: 1-800-288-9133
Phone: (303) 449-8850
FAX: (303) 449-8859

MS-DOS is a trademark of Microsoft Corporation;
UNIX is a trademark of AT&T; UNIBUS and Q-BUS are
of Digi o .

Digital
Macintosh is a trademark of Apple Computer, Inc.

32 Circle Reader Action No. 608

durations of pulses. This point is not nor-
mally used to obtain output from the meter.
The signal at this point is suitably condi-
tioned by added transistors to drive the
transmitter at one end of the optical fiber.

Power to operate the additional compo-
nents is supplied by the meter. The compo-
nents of the optical link include low-cost,
snap-in, transmitter/receiver pairs con-
nected with 1-mm-diameter plastic-fiber
cable. These devices are relatively new,
very rugged, able to operate from dc to 5
MBd, and require little electrical current.

At the receiver, the pulse of light in the
fiber is converted back into an electrical
pulse, the duration of which is measured
by counting the number of clock pulses ac-
cumulated in a 12-bit binary counter during
the pulse time. On the falling edge of the
pulse, the count is strobed into a 12-bit
digital-to-analog converter to provide an
analog output of 0 to 10 volts proportional
to the count. The scale of the digital and
analog values is easily changed by chang-
ing the clock frequency: The analog output
is proportional to the clock frequency.

This technique could be used wherever
it is desired to measure, record, and/or
control parameters of circuits that are
floating at high voltages. It could also be
used to prevent ground loops in low-volt-
age applications. In addition, two circuits,
one in each direction, could be used in a
control-oop configuration.

Some specific applications could be in
the operation of traveling-wave tubes
(TWT’s) or other electron-gun devices that
include filaments at cathode potential. This
potential, generally about 10 kV, prevents
the direct recording of filament voltage (6
V) or filament current (0.2 to 5 A). Another
TWT application is the measurement of
control-grid voltage, which controls the
beam current and which is established
with respect to the cathode.

The technique can be used for the op-
timization and testing of depressed-col-
lector/microwave-tube combinations. Yet
another possible application is in the meas-
urement of current from, or the control of,
series stacked power supplies.

This work was done by Gary G. Lesny of
Lewis Research Center. No further docu-
mentation is available.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Lewis Re-
search Center [see page 18]. Refer to
LEW-14529.
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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.

Advanced Components for
Fiber-Optical Systems

This concise review
emphasizes highly
birefringent fibers,

couplers, and polarizers.

A paper reviews the statuses of some ad-
vanced passive and active optical compo-
nents for use with optical fibers. The empha-
sis is on highly birefringent components that
control polarization, because the control of
polarization is critical in such applications
as fiber-optical gyroscopes, interferomet-
ric sensors, and coherent communica-
tions.

The classes of passive components re-
viewed include highly birefringent fibers,
coupler-based devices, and polarizers.
Birefringent fibers have elliptical, stressed,
cut, or otherwise non-circularly-symmet-
rical cores that maintain polarization. Such
fibers are expensive (>$10/m) but perform
well in that cross-coupling to the undesired
polarization is typically less than 5 x10~3
(km) 1.

The coupler-based components include
polished and fused single-mode couplers,
special items that perform at several wave-
lengths, arrays of high uniformity, and units
made partly of highly birefringent fibers.
Some of these devices couple both polari-
zations to the same degree, while others
have been built to couple primarily one
polarization, thus acting analogously to
polarizing beam splitters.

Fiber polarizers are made by a polishing
technique similar to that used to make
some couplers. In this approach, a dielec-
tric layer and then a metal layer are depos-
ited on the polished face of a flat longitudi-
nal cut that passes near the axis at a bend
in the fiber. In an alternative version, only a
metallic layer is deposited.

The active components of interest in-
clude piezoelectric transducers that indi-
rectly produce optoelectronic or electro-op-
tical effects to modulate phase, frequency,
or polarization. Typically, a piezoelectric
device surrounds a fiber and constricts it
when an electrical signal is applied. The
constriction gives rise to the birefringence
that modulates the light traveling along the
fiber.

This work was done by Ramon De Paula
of Caltech and David W. Stowe of Aster
Corp. for NASA’s Jet Propulsion Labora-
tory. To obtain a copy of the report, “Over-
view of Advanced Components for Fiber
Optic Systems," Circle 53 on the TSP Re-
quest Card.  NPO-17080

NASA Tech Briefs, February 1989

Only one company has it: Alcatel

NEW - MDP 5010 and 5030:
totally oil free, clean room
compatible, designed for direct
mounting to minimize
conductance losses and costly
piping associated with

conventional pumps. MERE

NEWER - Drytel 30 and 100:
totally oil free portable pumping
systems for evacuation from
atmosphere to 10 mbar. Two

displacements available: Drytel
30 - 16 cfm; Drytel 100 =57 cfm.

NEWEST - ADP 80: totally oil free mechanical pump
for continuous evacuation to 1072 mbar with 55 cfm
displacement. Engineered for aggressive semi-
conductor and chemical processes.

Totally oil free
vacuum pumping

All the advantages of dry, oil free pumping for the
widest range of vacuum applications.

Werite for specifications and pricing.  Or call: 617-749-8710 (MA)
Alcatel Vacuum Products, Inc., 408-746-2947 (CA)
40 Pond Park Rd., Hingham, MA 02043 609-778-1830 (NJ)

ALCATEL

Visit Alcatel at ASEE/Santa Clara and AVS/Florida
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Multiple-Beam Communications Antenna
This system has both fixed-spot and scanning coverage.

Lewis Research Center, Cleveland, Ohio

Advanced offset-fed spacecraft anten-
na systems operating in the 30/20 GHz fre-
quency bands have been developed that
can provide multiple-radiating fixed-spot
and regional-coverage scanning beams for
use on communications satellites. These
antennas, operating at the higher frequen-
cies, will provide alternate frequency bands
for expansion of existing satellite services
as well as achieving frequency reuse cap-
ability for conservation of the frequency
spectrum.

The satellite antenna configuration uses
separate uplink and downlink antennas.
Each antenna provides narrow fixed-spot
beams to major cities of the continental
United States (CONUS) and scanning
beams that cover wide-angle geographic
areas (sectors) of the CONUS. The spot
beams provide the communications cov-
erage for high-volume traffic between ma-
jor cities, where each beam will cover an
area approximately 200 m (322 km) in di-
ameter, and the spacing of the spots
across the country allows reuse of the
same frequency in many beams. The scan-
ning beams provide coverage for direct-to-
user services to remotely located areas
according to the demands of the users.

The primary function of the multiple-beam
antenna system is to receive the message
traffic from the major trunk-beam cities
and scanning areas, route this information
through an onboard switch or message-
processing system, and then transmit
these messages to their respective desti-
nations.

The antenna system will provide 18 trunk-
ing beams to preassigned major cities of
the CONUS and 6 scanning beams, each
covering approximately one-sixth of the
CONUS. The separate receiving and trans-
mitting antennas are operationally similar
except for frequency scaling of dimen-
sions. Each antenna beam has a beam
width of 0.3° and a gain of 50 to 53 dB or
more. They will provide isolation of 30 dB
between individual spots. The control sys-
tem for the scanning beams allows any
one uplink or downlink beam to be inde-
pendently sequenced to any one of its posi-

34

tions. The dwell time at each position is pro-
grammable between 10 and 100 us, and
the switching time between beam posi-

tions is less than 0.5 s.

Both the 20-GHz-transmitting, 30-GHz-
receiving antennas use unique concepts in
achieving the goals for meeting the require-
ments for multiple-beam, high-gain, and
optimum-beam isolation. The feed network
arrays use multiple horns per beam; shar-
ing of horn clusters for trunk and scan
beams; orthomode junctions for dual po-
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Figure 1. The 20-GHz Transmitting Antenna, shown schematically here, is an offset-fed,
dual-reflector configuration.
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Figure 2. The 30-GHz Receiving Antenna has orthogonal polarized feeds, hyperbolic reflec-
tors, and two subreflectors.
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larization; diplexers for dual frequency use;
and high-speed, low-loss ferrite circulator
switches, variable power dividers, and vari-
able phase shifters.

The 20-GHz transmitting antenna (see
Figure 1) is an offset-fed dual-reflector mi-
crowave optical system with planar-array
feed consisting of a multiple-port beam-
forming-network (BFN). To form the narrow
0.3° beams, the main reflector is 13.5 ft
(4.1 m) in diameter, and the subreflector is a
nominal 9.5 ft (29 m) in diameter. A unique
feature of this hardware model is the
shaped main and subreflector surfaces to
minimize losses over the required field of
view. Thus, the reflectors are not portions
of a figure of revolution but are each dou-
bly curved surfaces that have no true focal
point at the zero-scan beam position, so
that defocusing at the edges of the scan
field of view is minimized.

The feed assembly BFN lattice uses
seven-element, coherently driven horn
clusters for each beam. For beam switch-
ing, the ferrite circulator switches, variable
power dividers, and variable phase shifters
have switching energies as low as 40 uJ
and weights as low as 12 g. As a result,
large numbers of switch components can
be used to provide the required multiple
beams, the off-axis scan capability, and
both vertically and horizontally polarized
beams. All results met or exceeded the de-
sign goals.

The 30-GHz-receiving-antenna system is
of a similar geometry, but uses hyperbolic
reflectors, two subreflectors stacked to
form a double-layer bifocal subreflector sys-
tem, and two orthogonally polarized feed
assemblies diplexed by a front wire-grid
subreflector (Figure 2). To form the narrow
receiving-frequency beams, the main re-
flector is 9.5 ft (2.9 m) in diameter, and the
subreflectors are 5.0 ft (1.5 m) in diameter.

The two orthogonally polarized feeds
are completely separated into two focal-
point-fed areas for higher gains to compen-
sate for the increased scan losses of the
off-axis beams. Similarly, the ferrite switch-
ing devices scaled to the 30 GHz frequen-
cy band used in the receiving feed array
have short switching times, low energy in-
put, low losses, and low weight.

The 30- and 20-GHz antenna systems
demonstrated that high-frequency, pre-
cise-reflector optical systems can be fabri-
cated and that the feed-beam-forming net-
works can produce very narrow beams for
use on geostationary satellites. As a result,
advanced communication satellites will ex-
pand existing satellite services by means
of narrow spot beams and frequency re-
use technigues.

This work was done by R. W. Myhre of
Lewis Research Center, 7. £. Roberts of
Ford Aerospace & Communications Corp.,
and W. C. Wong of TRW, Inc. For further in-
formation, Circle 122 on the TSP Request
Card. LEW-14190
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Computer Control for lon Engines
Stable operation is achieved at any point in the operating range.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A computer system controls the start-
up, steady-state operation, throttling, and
shutdown of a pair of xenon-ion propulsion
engines (see figure). It also controls the
direction of thrust of each engine through
operation of gimbal stepping motors. In ad-
dition, it controls the valves in the propel-
lant-storage and propellant-distribution
system. Although it is designed for use in

interplanetary flight, the system might be
adaptable to industrial use in ion-beam de-
position of thin films.

The control software establishes and
maintains efficient, stable operation over
the entire range of operating variables, and
can throttle the engines to any point within
the range. At the chosen operating point,
the system establishes the proper dis-

New in light measurement.

Announcing the high-performance,
low-cost picosecond light pulser.

The new ultra-fast PLP-01 light pulser from Hamamatsu is an inexpensive,
high-performance light source that can even be used as an alternative
to a costly laser in many applications.

The unique PLP-01 combines three outstanding features:
= Extremely short pulses (less than 50 ps);

= High peak power;

= Variable repetition rate (up to 10 MHz).

It is available for a variety of wavelengths ranging from 410 nm
to 1550 nm. And, since the PLP-01 includes a built-in trigger delay,
there's no need to provide an external delay signal.

So give your laser a rest—and your pocketbook too. Select the
powerful economical picosecond light pulser from Hamamatsu.
For complete information, a demonstration, or a quotation, contact

Hamamatsu Photonic Systems.

BN R T T ] G eosE wensurement
HAMAMATSU
PHOTONIC SYSTEMS

360 Foothill Road, P.O. Box 6910, Bridgewater, NJ 08807, Phone (201) 231-1116.

Japan: 0534/35-1562

West Germany: 08152/375-55 UK: 01-367-3560

France: (1) 46554758 Sweden: 0760/32190 HSU-2
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A Computer Operates the Power Supplies,
Valves, and Flow Controllers of two ion
engines, the ion-neutralizer subsystem, and
other equipment. Crosshatched areas
represent items controlled by the computer.

Flow

Solenoid  controllers

Valve

charge currents and voltages, rates of flow
of propellant, and screen voltages. When
the operator selects a new operating point,
the system changes conditions smoothly
so that the engines adjust stably.

Tests show that the control algorithms

110 Vac sl

Engine 1
Power Supply

N can operate and throttle the engine stably
Power over a range of beam currents from 1.0 to
ﬁs“g";'{ 110 Vac s\ 4.2 A, corresponding to a variation in input
Array) power from 0.7 to 5.5 kW. The control sys-

tem provides a flexibility in the operation
and throttling of ion engines that has not

—m EE been possible in the past.
110 Vac s\ L 24 S“"P‘Y\ _ Serts Control of the engines is accomplished
R

through proportional control of the dis-
charge current to maintain the desired
beam-current set point. Similarly, the cath-
ode flow rate is controlled to maintain the
discharge-voltage set point, and the main

SANNNAN flow rate is controlled to maintain the de-

= : (\\'\ i sired propellant efficiency. The system

drt : may be used to obtain performance curves

e e , (plots of discharge loss versus propellant

efficiency) at constant discharge voltage

Tank NN since it relentlessly maintains the desired
[\ Magnetic discharge-voitage set point.

o S o The system is based on a personal com-

puter with 20-megabyte hard-disk storage

EXCELLENCE BY DESIGN
ANORIDE" LINEAR STAGES

Off-the-shelf delivery

Now obtain the best stages at competi-
tive prices—off the shelf.

Anoride™ tables maintain the
highest degree of accuracy
over hundreds of millions of
inches of travel. This is
achieved through the use
of hardened meehanite
construction and
patented built-in
preload.

Anoride positioning
tables, with travels
from 2 inches to 40
inches, are available with
a unique linear dc servo
motor or precision ground
ballscrew drives. Speeds of 20

inches per-second
are standard,
higher speeds to 60
inches per-second are
optional. Standard
accuracy is +.0001
inch, and resolu-

tion of 0.1 micron
typical. Sub-micron
accuracy is also available.

Call or write for brochures and
prices of our standard linear and
rotary tables and controllers, or call
our application engineers.

ANORAD CORPORATION
110 Oser Avenue, Hauppauge, =

' N.Y. 11788. Tel: (516) 231-1995
: 510-227-9894 & FAX: 516-435-1612 ANOR/D

For Information Circle 508.
36 To have an application engineer call, Circle 509. NASA Tech Briefs, February 1989



ENGINEERING...

Online on
STN International

For more information about STN International, write
or call: STN International, Marketing, Dept. 30689,
P.O. Box 02228, Columbus, OH 43202.

Phone 800-848-6538

STN International is operated in North America by
Chemical Abstracts Service, a division of the
American Chemical Society; in Europe, by FIZ
Karlsruhe; and in Japan, by JICST, the Japan
Information Center of Science and Technology.

I
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and 640-kilobyte memory. The computer is
linked to commercial mass-flow control-
lers by two serial data lines via two flow-
control and display units. The lines enable
the computer to read and to change the
xenon flow rates at each of the six flow
controllers.

The computer controls the gimbal step-
ping motors through an interface card in

one of its expansion slots. The computer
can drive all four stepping motors simulita-
neously. Through other circuit boards, the
computer opens and closes solenoid
valves in the propellant system, measures
the electrical parameters of the engine and
neutralizer, and controls several power
supplies. The control program is written in
Turbo-Pascal.

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

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL [see page 18]. Refer to
NPO-17292.

Digital, Satellite-Based Aeronautical Communication
Advanced digital techniques will be needed eventually for greatest cost effectiveness.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Before America went for the
moon, NASA came to AMCO.
Specs for electronics/communi-
cations/computer cabinetry
were about as demanding as
they come.

We designed the first modular

EMI system for NASA. With all the ultra-
tight tolerances, cooling requirements, and
design efficiency NASA demanded—AMCO

never missed a shot.

Today, we take MIL 285 and TEMPEST in stride,
because we got there first. Just like America on

the moon.

Check out AMCO for your own inner space
program. Get Catalog 204 for military and
heavy duty, 650 for FCC and commercial. Call
1-800/833-3156 InIllinois, 1-312/671-6670.*
*As of November 11, 1989—New Area Code will be 708.

AMCO GETS THERE FIRST.

See us at the Communications Networks Show in Washington, DC. Feb. 6-8, 1989 Booth #953-955

EMI CASE HISTORY:
AMCO’S
“INNER SPACE”
PROGRAM FOR
AMERICA’S
OUTER SPACE
PROGRAM.

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

38 Circle Reader Action No. 499

A proposed satellite system would relay
communication between aircraft and sta-
tions on the ground. Such a system would
offer better coverage than is now possible
with direct communication between the air
and the ground, would cost less, and would
make possible new communication services.

The system would carry both voice and
data. Because many of the data exchanged
between an aircraft and the ground con-
tain safety-related information, a low prob-
ability of bit errors will be essential.

An aeronautical-mobile/satellite system
poses a special combination of conditions
for designers. The channels will be subject
to a mild form of multipath fading because
of the motions of aircraft and satellites. The
receivers will be burdened by bursty sig-
nals because of the short messages that
will be transmitted. Moreover, both the
spectrum and the available power will be
limited.

An experiment was conducted to exam-
ine the characteristics of the aeronautical-
mobile/satellite channel (see figure). Delay
spreads, scattering coefficients, and other
parameters were measured. The experi-
mental data were used to evaluate the
merits of wideband versus narrowband
transmission and coherent versus nonco-
herent demodulation.

Given fixed resources of power and spec-
trum, new digital modulation technologies
should be evaluated to bring services to
the greatest number of users and thereby re-
duce costs and increase coverage. For the
first-generation system, such proved modula-
tion schemes as quaternary phase-shift key-
ing are good candidates. More advanced
techniques like trellis-coded M-ary modula-
tion warrant consideration for later genera-
tions, but additional development and ex-
perimentation are needed.

Adequate power margin, guard band, and
guard time will be needed to ensure reli-
able operation with semistationary chan-
nels. For the sake of safety, data messages
will have to be transmitted with error-cor-
recting and error-detecting codes. Voice
messages will need little encoding, if any
— users can simply request the repetition
of unintelligible transmissions.

The proposed information rate per user
is 4,800 bits per second. This rate will be

NASA Tech Briefs, February 1989



Systems integration. The science of
mixing apples and oranges. Yet when you

look inside, there’s
Y 'E an art to creating
@ simple solutions

to complex problems. It's an art Grumman Data Systems has been perfecting for more
than 25 years. We design, develop, integrate, operate and maintain information systems
that are cost-effective. Reliable. User-friendly. Dependable. In short, value-added
systems that do more than meet program requirements. For more information, contact

Grumman Data Systems,
1000 Woodbury Road, Woodbury, n
NY 11797. (516) 682-8500.

GRUMMAN"®

Data Systems

® A registered trademark of Grumman Corporation




Make your
point without

a trace of
doubt.

With the new
HIPAD PLUS
series.

N

*U.S. suggested retail prices. HIPAD Plus and
Houston Instrument are trademarks of AMETEK, Inc

If you’ve ever used a digitizer, you
probably were surprised that it didn’t
do what you thought it would. You
assumed that whatever you picked or
moved or drew on the tablet would
be accurately displayed on the screen
and precisely reflected on output. In
spite of its straight-forward appear-
ance, it didn't take you long to learn
that all digitizers were not created
equal, or accurate, or even easy to use.

Today there’s a new line of digitizers
that can meet your expectations. It’s
the new HIPAD Plus™ series. With
sizes ranging from a compact 12" x 12"
to a drafting-size 44" x 60, each model
reflects HI's tradition of price/perform-
ance excellence.

Compare, for example, the sleek 9012
and 9018 models (shown below) which
contain HI's exclusive tilt-correction
feature. This unique feature lets you
use the stylus like a pencil—no need
to hold it in an awkward perpendicular
position. HI's tablet captures only
the points touched by the tip of the
stylus, so you can make menu selec-
tions, create freehand drawings, move
the screen cursor, or edit pixel-by-
pixel —without a trace of doubt.

If you prefer a handheld cursor, you’ll
find HI’s new four-button cursor has
the same pin-point precision. (You'll
also like the way it feels in your hand.)

The HIPAD Plus digitizers are
compatible with both your CAD and
graphics systems. Each model proc-
esses coordinates rapidly (up to 200
pairs per second) and has a resolution
of up to 2,540 lines per inch. This all
adds up to high performance and
accuracy—and it means you won't be
replacing your tablet to meet the
high-resolution demands of the future.

And, with prices like $495* for the
12"x12" tablet and $795* for the 12"
x 18" tablet, HIPAD Plus is affordable.
Make your point without a trace of
doubt. For details, call 1-800-444-3425
or 512-835-0900.

HOUSTON
INSTRUMENT

A pivision oF AMETEK
8500 Cameron Road, Austin, TX 78753
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6,2127 MHz

®

Ground Station

The Proposed Satellite-Based Com-
munication System for aircraft was ex-
plored in an experiment. The dashed line
represents a reflection that contributes to
multipath signals—a problem that system
designers must take into account.

adequate for data and for speech of fair
quality. At 4,800 bits per second, the fre-
quency interval between channels will be
10 kHz or less, depending on the modula-
tion scheme.

This work was done by F. Davarian of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 129
on the TSP Request Card.  NPO-17252

Adaptive Force and Position Control for Robots
Precise knowledge of manipulator and environment is not required.

NASA's Jet Propulsion Laboratory, Pasadena, California

A control system causes the end effec-
tor of a robot manipulator to follow a pre-
scribed trajectory and apply the desired
force or torque to an object that it is
manipulating or with which it is in contact.
The system is characterized by a hybrid
control architecture, in which the positions
and orientations along unconstrained co-
ordinate axes are controlled by a position-
control subsystem, while the forces and
torques along the constrained coordinate
axes are controlled by a force-control sub-
system (see figure). The system compen-

sates for the dynamic cross-coupling be-
tween the force- and position-control loops
and does not require knowledge of the
complicated model of the dynamics of the
manipulator and its environment.

In the force-control subsystem, the
feedforward force vector P, (representing
the desired effector contact forces) is
processed along with the measured (feed-
back) force vector P, an auxiliary signal d,
and the velocity feedback Z to produce the
control vector F, for the forces and torques
applied to the end effector along the con-

strained axes by the manipulator-joint
actuators. The control law includes propor-
tional, integral, and derivative gain mat-
rices K, K, and K|, respectively, that vary
with time according to the equations of the
adaptation scheme, which strives to re-
duce the error vector, e, between the
feedforward and feedback force vectors.
The position-control subsystem enforces
a linear adaptive control law that produces
the manipulator force-and-torque control
vector F, for the unconstrained axes from
the feed¥orward position vector Rand from
the feedback position and velocity Y
and Y, respectively. An auxiliary vector f
and the control-gain matrices K, C, A, B,

NI e i LS 2]
| Force Controller | L
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| | i
I e |
| |
Force and Torque | |
Command Pr | Fz A A
| ' i
| | Joint-Torque
| | Control Signals T Forces and
| Torques P
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Orientation

Command R

Orientation Y
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The Control Gains (represented by the small rectangles on the left) of this position- and force-control system are continually adapted accord-
ing to prescribed adaptation laws to reduce the error signals e, and e,.
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and K ,are calculated according to adapta-
tion equations, the forms of which resem-
ble those of the force controller, and which
reduce the error vector ey,

The force- and position-control signals
are in Cartesian coordinates of the work-
space and are transformed to equivalent
joint-torque-control signals in manipulator-
joint space via the Jacobian matrix of the
manipulator-joint coordinate system. The
dynamic cross-coupling effects are mathe-
matically modeled as disturbance terms in

the force- and position-control loops.
The adaptive force and position con-

trollers have, in effect, learning capabilities
to cope with unpredictable changes in the
manipulator or the environment; this is
because the controller gains are adapted
rapidly on the basis of manipulator per-
formance by use of simple arithmetic oper-
ations. The control scheme is computa-
tionally fast enough for use at sampling
rates as high as 1 kHz.

This work was done by Homayoun
Seraji of Caltech for NASA’s Jet Propul-
slon Laboratory. For further information,
Circle 139 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-17127, volume and number
of this NASA Tech Briefs issue, and the
page number.

Samara Probe for Remote Imaging
This conceptual device would scan automatically, without costly aiming or stabilizing devices.

NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed imaging probe would de-
scend through the atmosphere of a planet,
obtaining images of the ground surface as
it travels. The probe could be released
from an aircraft over the Earth or from a
spacecraft over another planet.

The probe would have a body and a
single wing shaped much like a samara —
a winged seed like those of maple trees. It
would therefore rotate as it descends, pro-
viding a panoramic view of the terrain be-
low (see figure). The probe would radio the
image obtained by its video camera to the
aircraft or spacecraft overhead.

The probe would be simple and inexpen-
sive. It would contain no moving parts and
would need no fuel or power for scanning,
because its panning motion would be im-
parted by aerodynamic forces. Several
such probes could provide comprehen-
sive, detailed maps of a region without the
complexity of horizontal travel on the sur-
face or through the atmosphere.

The wing would be propeller shaped and
would be pitched for the desired rate of de-
scent and rotation. The camera (or radar)
would be mounted on the lower part of the
probe at a fixed angle with respect to the
spin axis. The field of view of the camera
lens would determine the required amount
of overlap of the image on successive rota-
tions; a wider angle would cause more —
and earlier — overlap. The resolution of
the image would increase gradually as the
probe approaches the surface.

The upper surface of the wing could
carry solar-cell panels, if necessary, to sup-
ply power to the camera and transmitter.
The transmitting antenna would be embed-
ded in the probe. The wing could also carry
a Sun sensor to furnish data on orientation
and spin toaid in subsequent processing of
the images. (Image processing would be
required to remove effects due to nutation
and wind drift.) A second wing, like that on
certain seeds, could be added to slow the
descent and reduce nutation.
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Descent

1 Wn

The Autorotating Probe Would Give Images of areas along a spiral path. The probes should
be inexpensive enough that many such units could be deployed to cover a large area.
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DESTINED
FOR
BIGGER
THINGS.

America’s space program is again under
way. But we've already lost precious time.
Other countries and companies, even
American ones, have been looking to alter-
native vehicles to get their space projects
aloft. In terms of old-fashioned business
sense, NASA is facing stiff competition.

The Shuttle’s work is cut out for it.
NASAs plan to recapture American pre-
eminence in the space delivery business
is to amplify the payload capacity of the
Shuttle. Their goal is a 17% increase in
Shuttle utilization. With huge programs
like the Space Station Freedom in the
wings, this harder-working delivery vehicle
is vital.

The team of Lockheed Missiles &

Space Company and Aerojet, a sub-

: sidiary of GenCorp, has the solu-
|' tion: a new, more powerful Advanced
Solid Rocket Motor, The Lockheed and

Aerojet team proposal is a motor that will
be manufactured by a “continuous mix”
process, resulting in not only more thrust,
but with a more controlled burn. The payoff
will be a Shuttle that is both more muscular
and more reliable.

America's destiny in space has a glori-
ous future; but to get there takes the right
mix: Lockheed and Aerojet.

2ed & Aerojet

ecause it must work every time.
Circle Reader Action No. 490
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This work was done by James D. Burke
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
124 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-17390.

Video Alignment System for Remote Manipulator
Crosshairs and a mirror provide angular references.

Lyndon B. Johnson Space Center, Houston, Texas

A video system enables an operator to
align a remote manipulator with objects to
be grasped. Unlike the alignment system
that it is intended to replace, the new system
does not rely on aligning protuberances on
the objects. Consequently, it becomes
possible to eliminate such protuberances
and the mechanical interferences that they
cause.

The end effector on the manipulator
holds a television camera that views the
object to be grasped. Crosshairs on the
camera lens intersect at the center of the
lens. The lens reticle also includes a circle
and a rectangle centered on the optical
axis. The object has a reflector on its sur-
face, also with crosshairs at its center.

The remote-manipulator operator views
the image from the camera on a television
monitor, which displays another set of
crosshairs that intersect at the point cor-
responding to the optical axis of the
camera.

The operator moves the end effector to
bring the three sets of crosshairs into align-
ment. Before the camera is centered on
the reflector, two sets of crosshairs appear
displaced on the monitor (see figure).
When the camera is centered on the re-
flector but the surface of the reflector is not
perpendicular to the optical axis of the
camera, the crosshairs of the object in the
television image align with the crosshairs
of the monitor, but the television image (if
any) of the crosshairs in the lens remains
off center or out of sight. When the surface
of the reflector is made perpendicular to
the optical axis, the view of the crosshairs
on the lens is reflected back along the op-
tical axis into the camera, and these cross-
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The Display on the Television Monitor reveals the orientation of the television camera with
respect to crosshairs on a mirror on an object with which the camera is to be aligned.

hairs then align with the others in the televi-
sion image.

The alignment system could be auto-
mated by using pattern-matching algo-
rithms to control the orientation of the
camera or object or both. With the addition
of range-measuring instrumentation, the
end effector could also be moved automat-
ically to the object while the proper orienta-
tion is maintained.

This work was done by Leo G. Monford
of Johnson Space Center. For further in-
formation, Circle 108 on the TSP Request
Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Johnson
Space Center [see page 18].. Refer to
MSC-21372.

Gray-Scale Processing for Tracking of Welds

Digital analysis of video images provides information for control of a welding robot.

Marshall Space Flight Center, Alabama

A real-time digital video-image-process-
ing system contributes to the automation
of weld-seam tracking. The tracking sys-
tem makes no contact with the seam. A
small television camera views the seam
just ahead of the point currently being
welded. The welding arc provides the illumi-
nation. Periodically, a frame grabber digi-
tizes the video image and stores it in a com-
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puter memory as gray-scale values. The
seam is located by analyzing Hough-trans-
form arrays of derivatives of digitally-fil-
tered image data. The information on the
location and orientation of the seam is
used as feedback by a welding robot to
correct deviations of the electrode from
the seam as welding continues.

Standard image-processing techniques

are used in the early stages of the analysis.
First, the image data are filtered by a 3-by-3
convolution. First and second derivatives
of the filtered data are calculated in the
direction perpendicular to the direction of
motion of the torch. The derivative data are
then compared with threshold values and
used to calculate three Hough-transform
arrays. The first and second arrays corres-
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pond to first-derivative data above and be-
low a threshold, respectively; the third ar-
ray, to second-derivative data below a
threshold.

The three Hough arrays are examined
to determine the angle having the most en-
tries. That angle corresponds to the angle
of the seam in the image. The column in
each of the arrays corresponding to that
angle is then scanned for the locations of
peaks. A set of pattern-matching rules is
used to locate specific patterns of peaks.

These correspond to various joint profiles;
the location of the match indicates the
location of the joint in the image.

The system can locate the seam be-
tween two metal parts even if they are
shiny, and it can detect a smaller gap than
could previous systems. The location and
angle of the seam can be determined with-
out any advance information. The seam-
tracking algorithm is more robust than the
previous ones, both in finding the seam
and in deciding whether the seam has

DMSK Receiver for Mobile/Satellite Service

A low-bit-rate demodulator operates in the presence of fading and Doppler shifts.

NASA's Jet Propulsion Laboratory, Pasadena, California

A receiver for 2.4-kbit/s differential
minimum-shift keying (DMSK) and Gaus-
sian minimum-shift keying (GMSK) is suita-
ble for communication between land-
mobile stations via geostationary satellites.
Operating on a phase-shifted signal in the
800-MHz band, in the presence of fading
and Doppler frequency shifts, the receiver
is compact, makes efficient use of the fre-
quency spectrum, and wastes little power.
The receiver design can be implemented
in very-large-scale-integrated circuits.

The incoming signal is shifted to an in-
termediate frequency of 50 MHz, wide-
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bandpass filtered, amplitude limited, then
mixed with in-phase and 90 °-phase-shifted
signals from a 50-MHz voltage-controlled
oscillator (see figure). The in-phase and
quadrature mixer products are low-pass fil-
tered at baseband and sent to “two-bit” dif-
ferential detectors — so called because
each mixes its input signal with the same
signal delayed by two bit periods — to pro-
duce an output indicative of the difference
in phase between the signal values at
those two times.

The problem in receiver design is to as-
sure that the phase detector makes the

been found.

This work was done by David A. Gutow
of Rockwell International Corp. for Mar-
shall 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-29433.

correct decision ( = n or 0) concerning this
phase difference. The phase-shift error is
minimized by operating the two-bit detec-
tors at baseband rather than at the inter-
mediate frequency. The low-pass filters in
the in-phase and quadrature signal paths
have a Gaussian characteristic and a
peak-to-peak delay differential of 17 us
within the passband. (Adifferential as small
as this would be difficult to achieve at the
intermediate frequency.) The maximum
peak-to-peak differential delay of the delay
line is only 5 us. As a result, the maximum
anticipated phase error at the frequency-
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The Basic DMSK Receiver Design relies on baseband rather than intermediate-frequency processing of the in-phase and quadrature signal
components because the phase errors due to differential delays are smaller at baseband. In the prototype receiver, the basic design shown
here is augmented with automatic frequency control to correct frequency errors.

shift-keying tone frequency of 600 Hz is
only 4.7°.

The performance of the receiver was
measured in the presence of thermal
noise. A plot of the measured error rate as
a function of the ratio of bit energy to noise
energy closely followed the prediction of
previous authors for the ideal case.

The error performance was measured

Introducing

Optical Tables

san

in the presence of Rayleigh fading with a
Doppler frequency of 20 Hz and Rician
fading with a Doppler frequency of 72 Hz
and a line-of-sight-to-multipath ratio of 10.
The irreducible-error rate was also
measured and plotted for a Doppler fre-
guency of 72 Hz and a range of line-of-
sight-to-multipath ratios. At a ratio of 10, the
irreducible-error rate is 10 —8, which is well

Circle Reader Action No. 316

below the network requirement of 10 —3for
digital communications.

Receivers of this type are known to be
sensitive to large frequency offsets, and
tests confirmed that the performance of
this receiver is degraded severely by
frequency errors larger than 20 Hz. To
overcome this deficiency, an automatic-
frequency-control loop was added; this re-
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duced the frequency error to a negligible
level. The cost of the frequency-control
loop to the static performance of the recei-
ver is about 0.5 dB.

This work was done by Faramaz

Davarian, Marvin K. Simon, and Joe T.
Sumida of Caltech for NASA’s Jet Propul-
sion Laboratory. For further information,

Circle 94 on the TSP Request Card.
NPO-16659

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.

Automatic Frequency
Control for DMSK Receiver

Performance is analyzed
theoretically and
experimentally.

A report discusses the performance of
the automatic frequency-control (AFC)
subsystem of the differential minimum-
shift-keying receiver described in “DMSK
Receiver for Mobile/Satellite Service,”
NPO-16659, which appears in this issue of
NASA Tech Briefs. It describes the efforts
to quantify the behavior of the system dur-
ing the acquisition of the carrier signal;
these include a theoretical analysis leading
to a numerical simulation, and measure-
ments of the performance of the receiving
equipment.

The AFC subsystem was added be-
cause the receiver has a small tolerance
for frequency error. Since it has to operate
in digital communications in which the data
are transmitted in short bursts (packets),
the receiver must be able to acquire quick-
ly the carrier frequency of the transmitted
signal. However, the design features that
enhance rapid acquisition tend to degrade
steady-state performance. Therefore, it is
necessary to quantify the acquisition be-
havior of the AFC subsystem to optimize it
for the intended signal parameters and re-
ceiving system.

The analysis begins with the input/out-
put equations of the AFC loop, which is as-
sumed to contain a resistor-and-capacitor
low-pass filter. This is followed by a dis-
cussion of the nonlinear characteristic of
the AFC loop, beginning with the sinusoidal
dependence of the error voltage on a linear
combination of the frequency error, the
phase modulation due to intersymbol inter-
ference, and the phase modulation due to
noise.

The report then presents a recursive
equation that can be used to simulate nu-
merically the performance of the nonlinear
loop. A computer program based on this
equation gives a sample of the output fre-
quency of the voltage-controlled oscillator
(VCO) of the AFC loop during a bit period.
Next, an analysis of the steady-state
behavior is based on the loop input/output
equations and on the assumed loop-filter
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characteristics. The steady-state frequen-
cy error is shown to equal the difference
between the input and VCO rest frequen-
cies, divided by a closed-loop gain factor.

A numerical simulation was conducted
for a system with a signal-to-noise ratio of
10 dB, a transmission rate of 2,400 b/s, a
loop two-sided noise bandwidth of 34 Hz, a
first-order loop filter with a time constant of
0.11 s, a loop-amplifier gain of 8, ideal bit
synchronization, and an initial frequency
error of 150 Hz. The simulated loop cor-
rected for two-thirds of the initial frequency
error in about 20 ms. By 40 ms, the error
was down toabout 20 Hz. The steady-state
frequency error was 18 Hz (the predicted
value was 16 Hz), with a standard deviation
of 3.4 Hz.

A receiver with characteristics similar to
those in the simulation was built and test-
ed. The performance after acquisition
times of 20 and 40 ms resembled the simu-
lated performance. Bit-error measure-
ments were also made and compared with
theoretical values as functions of the
signal-to-noise ratio. The 20-ms perform-
ance was about 0.7 dB inferior to the
steady-state performance, which in turn

was about 1.4 dB inferior to the ideal per-
formance in the range tested. The theoreti-
cal pull-in frequency range of the AFC loop
was 300 Hz, but noise reduced the range
to 250 Hz.

This work was done by Faramaz
Davarian and Joe T. Sumida of Caltech for
NASA’s Jet Propulsion Laboratory. To
obtain a copy of the report, “An Automatic
Frequency Control (AFC) System for Mini-
mum Shift Keying and Binary FM Signals,”
Circle 36 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL [see page 18]. Refer to
NPO-17021.
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A free brochure describes the com-
plete line of books, posters, and
videotapes from NASA Tech Briefs.
Circle Number 700 for your free copy.
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Calibration-Tube Dewar

v
Ames Research Center,

Moffett Field, California

A container maintains a reference ma-
terial for gas chromatography at a con-
stant temperature for extended periods.
The container was developed for holding
peroxyacetylnitrate (PAN), a material that
is unstable at room temperature but stable
at0°C. The container keeps a vial of PAN at
this temperature by immersing it in a mix-
ture of water and ice. Substances that un-
dergo phase changes at other tempera-
tures can be substituted for ice and water if
different reference materials and storage
temperatures are used.

The container is used on research air-
craft that collect and analyze air samples in
the troposphere and stratosphere. In a re-
cent research expedition, it provided PAN
to calibrate an airborne chromatograph
taking the first PAN measurements above
the rain forests of the Amazon River basin.
The container is a flight-rated component
that is portable, compact, and rugged. It
maintains PAN at 0°C for about 24 hours
with a single charge of ice and water. A
single vial of PAN remained stable during a
20-day stability test with morning and after-
noon additions of ice.

The container consists of an aluminum
housing with a stainless-steel Dewar flask
suspended in polyurethane foam insula-
tion (see figure). The ice/water mixture sur-
rounds a 10-mL diffusion vial mounted on
the cover of the flask.

The vial holds 5 mL of PAN in n-tridec-
ane solvent. Ametered flow of ultrapure air
sweeps across the opening of the vial, mix-
ing with PAN and carrying it to the chromat-
ograph. The flow is diluted to provide the
required concentration of PAN, ranging
from 0.05 to 50 parts per billion by volume.

This work was done by Donald B. Herlth
of Ames Research Center and Dean P
O’Hara of San Jose State University. For
further information, Circle 3 on the TSP Re-
quest Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Ames
Research Center [see page 18]. Refer to
ARC-12119.
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Melting ice keeps the temperature near 0°C for about 1 day.
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The Perforated Tube Surrounds the Vial, protecting it from damage by ice but allowing cold
water to circulate around it. The plug with the handle is removable so that ice can be added
through the filler tube. O-rings seal the joints around removable parts.
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Joule-Thomson Expander Without Check Valves

Cooling is effected by a bidirectional, reciprocating flow of gas.

NASA's Jet Propulsion Laboratory, Pasadena, California

A new type of JouleThomson (JT) ex-
pander for cryogenic cooling requires no
check valves to prevent the reverse flow of
coolant. The new expander is therefore
more reliable than the conventional JT ex-
pander, which contains a network of check
valves, each a potential source of failure.

The flow of coolant must be unidirec-
tional in a conventional JT expansion sys-
tem. Coolant gas flows from a compressor
through check valves (which ensure unidi-
rectionality), a precooler, and the high-
pressure side of a counterflow heat ex-
changer. The gas expands in a JT valve,
cooling a heat load. The expanded gas
passes through the low-pressure side of
the heat exchanger and another set of
check valves before returning to the com-
pressor.

Reciprocating
Flow of Gas From and to

Right Compressor
Reciprocating

Flow of Gas to and From
Left Compressor

LO0ON

Precooler Precooler
Temperature-
Compensated Counterflow
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Liquid-Retaining Load
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Gas Flows Alternately from left to right and
right to left. The heat load is cooled by
evaporation of liquid from the left or right
compartment, whichever is at the lower
pressure.
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In the new JT expander, the flow of
coolant alternates in direction. The
counterflow heat exchanger consists of a
mirror-image pair of gas lines soldered
together (see figure). The high-pressure
gas from a compressor on the left side
flows through a precooler, the counterflow
exchanger, the left compartment of a lig-
uid-retaining chamber, and a JT valve.

Condensed liquid from the JT expansion
collects in the right compartment, while the
expanded gas flows through the right line
of the counterflow heat exchanger to the
right compressor.

The direction of flow is then reversed.
The right compressor pushes gas at high
pressure through the right compartment,
causing the gas to expand in the JT valve.
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Liquid collects in the left compartment, and
gas passes to the left compressor.

The flow alternates left and right. The
repeated flow through the JT valve pro-
vides liquid to cool the heat load. Liquid ac-
cumulated in each compartment during
each half cycle evaporates during the en-

suing half cycle, removing heat from the
load.

This work was done by C. K. Chanand J.
R. Gatewood of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 145 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-17143.

Identification of Anomalies in Welds
Advanced techniques are combined with conventional analytical methods.

Marshall Space Flight Center, Alabama

A combination of real-time radiography,
scanning electron microscopy, and ener-
gy-dispersive spectrometry can identify
enigmatic features in radiographs of welds
where the standard tensile, hardness, and
electrical-conductivity tests and visible-
light microscopic and macroscopic exami-
nations are insufficient by themselves. The
new combination of techniques was ap-
plied successfully to variable-polarity-plas-
ma-arc welds of 2219 aluminum alloy. The
joints were subjected to penetration, fill,
and weld-repair passes with 2319 alumi-
num weld wire.

Radiographs of the test welds showed
anomalous white dots and lines. These
anomalous features were then observed in
a scanning electron microscope instru-
mented with an energy-dispersive spectro-
meter while the data were processed in
real time. This combination of techniques
showed that these regions consist of a
platelike phase intermixed with the alumi-
num/copper eutectic (see figure). They
also showed that the platelike phase is rich
in copper (20 percent), iron (6 percent), and
manganese (1.5 percent). These concen-
trations are many times greater than those
in other parts of the weld.

In general, the white lines were located
in the zones of fusion between the penetra-
tion passes and the base metal. One of the

Platelike Phase,
0.725 Al/0.20 Cu/0.06 Fe/0.015 Mn
/

e

£ Eutectic Phase, 0.95 Al/0.05 Cu -

A Platelike Phase of Aluminum with copper, iron, and manganese appears mixed with the
eutectic phase and extends into the copper/aluminum alloy matrix in this scanning electron
micrograph. The composition and nature of the platelike phase could not be determined by

ordinary methods.

white dots was identified as part of a pene-
tration pass just beneath the zone of fusion
between the penetration and fill passes.
This work was done by David G.
Knichen of Martin Marietta Corp. for Mar-

shall Space Flight Center. For further in-
formation, Circle 134 on the TSP Request
Card.

MFS-28285

High Temperature Gas-Gap Thermal Switch

The flow of heat is varied at will.

NASA's Jet Propulsion Laboratory, Pasadena, California

A simple device can be set to allow heat
to flow across a gap (switch “on”) or to
decrease the rate of transfer of heat to a
relatively low value (switch “off”). The
device — a gas-gap heat switch — oper-
ates at temperatures in the approximate
range of 100 to 1,500 °C.

Although similar heat switches have
been made for operation at lower tempera-
tures, they rely on the variation of only the
conductive component of the transfer of
heat; the designs of these units do not pro-
vide for the suppression of the thermal ra-
diation, which contributes significantly to

50

the transfer of heat at temperatures above
about 100 °C. Consequently, these switch-
es cannot be turned “off” at higher temper-
atures.

The principle of operation is illustrated in
the figure, which shows a cylindrical ver-
sion of the switch surrounding a cylindrical
object that is to be thermally connected to
or disconnected from the environment. The
gap between the inner and outer sleeves of
the switch is filled with layers of low-
emissivity and low-absorptivity nickel,
molybdenum, or zirconium foil to suppress
the radiative transfer of heat across the

gap. The spaces between the layers of foil
are filled with woven quartz fibers to pre-
vent the layers from touching, thereby re-
ducing thermal conduction.

To turn the switch “off” — for example,
to insulate the inner cylinder so that it can
be heated, the gap in the switch is evacu-
ated. To turn the switch “on” — for exam-
ple, to allow the inner cylinder to shed its
heat to the environment, the gap in the
switch is filled with a gas. Any of a large
number of gases can be used, such as heli-
um, hydrogen, nitrogen, and argon. The
pressure of the gas in the gap has tobe on-
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ly about 1 torr (about 130 Pa) to provide
substantial conduction of heat across the
gap.

The vacuum to turn the switch “off” can
be provided by an ordinary laboratory vac-
uum pump. A more novel approach that re-
quires no moving parts would involve the
use of a sorption pump to control the pres-
sure in the switch. A bed of sorbent ma-
terial (charcoal, zeolite, hydrides, or ox-
ides) would be heated to drive the gas into
the gap or cooled to absorb the gas from
the gap at low pressure.

An experimental switch was made with
a gap 0.095 in. (2.41mm) wide filled with 5
layers of 0.001-in. (0.025-mm) nickel foil.
When tested at temperatures of 300 to
650 °C, using nitrogen as the heat-transfer
gas and a cryopump as the source of the
vacuum, the switch exhibited a switching
ratio of 16. The switching ratio is defined as
the ratio of thermal resistance in the “off”
state to the “on” state. Calculations show
that a decrease in the width of the gap to
0.05 in. (1.27 mm), coupled with the use of

Environment Outer Sleeve Inner Sleeve
of Switch of Switch
Heat Flow
In or Out /
= 7 A
L.
¥

Cylindrical Object ke
To Be Heated or Cooled In‘é‘;’ o

A
) %

Heat Flow ‘ l \
In or Out
Gas or Vacuum
in Gap

Environment

The Central Cylindrical Object is thermally connected to (or disconnected from) the environ-
ment by filling the gap between the inner and outer sleeves of the switch (or evacuating the
gap) to increase (or decrease) the thermal conduction across the gap.

helium instead of nitrogen, should increase
the switching ratio to 400.
This work was done by Steven Bard of

Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 46
on the TSP Request Card.  NPO-17163

Carbon Sorption Cryogenic Regenerator
Lower temperature and longer life are expected.

NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed liquid-helium refrigerator
would include a regenerator filled with car-
bon sorbent made from Saran (or equiva-
lent) polyvinylidene chloride. The new ma-
terial should result in lower operating
temperatures and longer times between
maintenance than those of comparable re-
frigerators containing other regenerators.

Typical refrigerators based on the
Gifford-McMahon or Stirling cycles include
regenerators, which act somewhat like
thermal capacitors for the helium working
fluid. The efficiencies of these units de-
crease markedly as the temperatures de-
crease below 15 K, and they become inop-
erative below about 9 K due to the loss of
volumetric heat capacity at such low tem-
peratures. To reach lower temperatures, it
is presently necessary to expand the heli-
um through very tiny Joule-Thomson (J-T)
valves, which eventually become clogged
with oil from the helium compressors and
thus require maintenance after approxi-
mately 2,000 h of operation.

The calculated volumetric heat capacity
of the pressurized-helium/Saran (or equiva-
lent) carbon system is about 1 J/(cm3. K) at
4 to 15 K. This is much greater than that of
any other sorbent used thus far and should
make it possible to attain operating tem-
peratures of 4 K without the use of Joule-
Thomson valves. Thus, the mean time be-
tween maintenance episodes would be
increased to that of long-life cil-lubricated
helium compressors — about 20,000 h.

The sorbent material is made by slowly

52

Sorbent
Material

%

777

“GAS-GAP”
DESIGN

The Sorbent Material can be machined to
various configurations to fit inside the cy-
lindrical regenerator can. A particular con-
figuration is chosen with regard to its heat
capacity, pressure drop, and rate of sorp-
tion.

heating polyvinylidene chloride to a tem-
perature of 700 °C under vacuum or nitro-
gen. The material becomes pyrolized, and

all elements except carbon are driven off,
leaving a dense charcoal filled with micro-
scopic pores of nearly uniform size. Unlike
ordinary activated charcoal, this material is
continuous and can be machined.

Helium, which is the only material that
has a high specific heat below 10 K, is ad-
sorbed in great quantities into the micro-
scopic pores. This sorption regenerator is
then capable of storing great quantities of
heat between each compression/expan-
sion cycle and is expected to allow efficient
regeneration cooling down to4 K. The very
large surface area of the regenerator is
much less subject to contamination than
that of the tiny J-T expansion valve in of lig-
uid-helium refrigeration.

In a proposed configuration of the re-
generator (see figure), helium flows in the
gap between two concentric cylinders of
the sorbent material. Because the heat
conductivity of the sorbent is much greater
than that of the compressed helium alone,
the sorbent can be made relatively thick to
increase the heat capacity.

This work was done by Jack A. Jones, S.
Walter Petrick, and Michael J. Britcliffe of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 161
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-17291.
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Now your CMOS backup battery can be

what you've alway
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Just another

Forget those labor intensive
methods normally required for
printed circuit board mounting
of batteries. Our new axial lead
uPowerCells™ (Lithium Iodine
2.8V Solid CMOS Backup Cells)
look like a resistor or capacitor.
They’re about the same size and
they don’t need special handling.
You can put them on a se-
quenced tape reel for automatic
printed circuit board insertion.
And like most other compon-
ents, uPowerCells™ can be wave
soldered, cleaned and dried us-

component.

ing normal procedures.

Once they’re in place,
uPowerCells™ are dependable.
Their Lithium Iodine chemistry
is the number one choice for
powering cardiac pacemakers.
And a performance study of
over 1 million batteries in use
shows that a useful life of more
than 20 years can be predicted.

At 35 milliamp-hours, the
axial lead yPowerCell™ will han-
dle most CMOS backup prob-
lems. However, higher capacity
versions to 1 amp hour are

§;wanted it to be.

available in a new space-saving
rectilinear package. The Catalyst
Research line includes modules
for sensing power loss and
transferring to battery backup
as well as clock modules with
battery built in.

Best of all, Catalyst Research
uPowerCells™ are priced like .-
other components. i

'%UAL SIZE
For more information, call us
at 301-296-7000 ext. 304.

CATALYST RESEARCH

A DIVISION OF MINE SAFETY APPLIANCES COMPANY
1421 Clarkview Road Baltimore, MD 21209-9987, USA Telephone (301) 296-7000 ext 304 Telex 898095 CATALYST
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Phase Separators and Fountain-Effect Pumps for He Il

Fused-glass microchannel arrays for use as HE |l phase separators and fountain-effect pumps.
e e e e = ' ol ]

Marshall Space Flight Center, Alabama

The characteristics of superfiuid helium
(He Il) phase separators and fountain-ef-
fect pumps would be more predictable if
the standard porous plugs (e.g., sintered
metal-powder plugs) used in them were re-
placed by orderly fused-glass microchan-
nel arrays. Three versions of microchannel
devices have been proposed for use in low-
gravity storage and cooling systems that
contain superfluid helium.

The phase separators and pumps take
advantage of the thermomechanical (foun-
tain) effect peculiar to He Il in restricted
spaces like those in a porous plug. The ef-
fect causes the plug to confine a bulk sup-
ply of He Il on one side, while allowing
some flow via the evaporation of the heli-
um in the pores. By creating a thermal gra-
dient in the porous plug, the direction of
flow can be reversed, turning the phase
separator into a pump. However, the addi-
tion of heat is a disadvantage.

The operating characteristics of the
pumps and phase separators depend on
the configurations of the channels in the
porous plugs. The channels in sintered
plugs are irregular and have various sizes
and roughnesses. The macroscopic prop-
erties of such plugs are difficult to predict
and thus must be measured experimental-
ly.

On the other hand, the pores or flow
channels in fused-glass microchannel ar-
rays are uniform, with diameters and
lengths of the order of micrometers and
millimeters, respectively. In version 1 (see
figure), a microchannel array is used di-
rectly as a passive porous phase separa-
tor. In version 2, a resistive thin-film heater
on one face establishes the thermal gra-
dient that causes the device to act as a
fountain-effect pump.

In Version 3, the required thermal gradi-
ent is created by using the Peltier effect to

transfer heat across the array, thus re-
moving heat from the He Il supply and
overcoming the undesirable addition of
heat. A Peltier junction is formed by a semi-
conducting film on the microchannel sur-
faces and second semiconducting or su-
perconducting film on both faces of an
array. Each of the versions is in various
stages of conception and investigation.
The passage of electric current from one
surface to the other in the appropriate di-
rection causes heat to flow from one sur-
face to the other.

This work was done by Paul L.
Whitehouse of Marshall Space Flight
Center. No further documentation is avail-
able.

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-28243.

VERSION 1:
Phase Separator

Plain Fused-Glass
Channel Array

VERSION 2
Phase Separator/
Fountain-Effect Pump

Resistive Thin-Film Heater
(One Face Only)

VERSION 3:
Phase Separator/
Fountain-Effect Pump

Thin Semiconducting or Superconducting
Film (Both Faces) and Semiconducting
Film in Holes

Microchannel Arrays could be used as the basis for phase separators and fountain-effect pumps for superfluid helium.
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1 Ensure dry circuit
conditions with a
20 mV clamp.

Keithley’s new Model 580
Micro-ohmmeter combines
three performance features no
other single micro-ohmmeter
has. For example, in its Dry
Circuit Test mode, the Model
580 ensures that the open cir-
cuit test voltage never exceeds
20 mV. This is important, since
too high a test voltage can
puncture oxides or films

on contacts.

THREE DIMENSIONAL

2 Measure bonding resist-
ances and more with
selectable waveforms.

For bonding applications, the
Model 580 has 10 micro-ohm
sensitivity, an optional battery
pack, and multiple test leads.
With pulsed test current, the 580
automatically compensates for
thermals, and for temperature-
sensitive components, these pulses
can be triggered individually. For
tests on inductive components,
DC current is available.

Interface to your
computer with
the IEEE-488 option.

Use the Model 580 as a stand-
alone instrument or select the
optional analog output and IEEE-
488 bus interface and use it in a
computer-based system. All front
panel features are programmable.

Like other Keithley instruments,
it has relative zeroing, autoranging,
and digital calibration, making
measurements faster and more
convenient.

For a brochure or demonstra-
tion of the new Model 580
Micro-ohmmeter, call your local
Keithley representative or the

Product Information Center at
the address below.

Instruments Division
Keithley Instruments, Inc.
28775 Aurora Road
Cleveland, Ohio 44139

(216) 248-0400
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Fluoroepoxy Adhesives Bond Fluoroplastics
Etching or other special preparation is unnecessary.
Goddard Space Flight Center, Greenbelt, Maryland
Experiments have shown that some flu-
oroepoxy compounds of high fluorine con-
tent adhere to fluoroplastics, without prior
etching or other treatment of the fluoro- 0 CF, CF, o

plastic surfaces. Previously, fluoroplastics
with high fluorine contents could be bond-
ed with epoxies or other adhesives only
after severe etching, usually by a corrosive
sodium/naphthalene complex. The etching
weakened the surface layers and made
the bonds wvulnerable to degradation by
moisture, oxygen, and ultraviolet light.

A representative fluoroepoxy com-
pound could be made from a fluorodiepox-
ide resin cured by an adduct diamine (see
figure). The adduct diamine could be made
by reacting the same or a different diep-
oxide with an excess of ethylenediamine.
Other-curing agents — for example, 3,34,
4,5,5,6,6-octafluorooctamethylenediam-
ine — could be used, as long as it is com-
patible with the particular fluoroepoxy res-

in.

The use of fluoroepoxies is most advan-
tageous in bonding polymers that have
fluorine contents of 55 percent or more;
for example, polytetrafluoroethylene (76
weight percent fluorine). Aimost any of the
variety of suitable fluorinated epoxy resins
and curing agents can be selected. The
main requirement is to obtain adherence
without the need for treatment of the sur-
face, and the experiments show that this is
achieved by using an epoxy compound
with a fluorine content of at least 46 weight
percent.

While higher fluorine contents are clear-
ly advantageous in fluoroepoxies used to
bond fluoroplastics with high fluorine con-
tents, they are less advantageous in fluoro-
epoxies used to bond fluoroplastics with
lower fluorine contents. For example, in ex-

P |
CH,—CH—CH,0—C
|

l T30
C—OCH,—CH—CH,
|

CF3 CFy
FLUORODIEPOXIDE RESIN
R

CF; CFs

|

H,NCH,CH,NHCH,CHCH,0—C
| |

OH CF,

|
C—OCH,CHCH,NHCH,CH,NH,
| |

CF,  OH

ADDUCT DIAMINE CURING AGENT

These Compounds Are Mixed With Each Other in approximately stoichiometric amounts
and react to produce fluoroepoxy compounds that adhere to fluoroplastics. The fluorine
content is governed primarily by the selection of R, and R’;, which are perfluoroalkyl groups
of general formula C F,_ . , (where n is an integer).

periments on an ethylene/tetrafluoroethyl-
ene copolymer that contains 54.4 percent
fluorine, a commercial nonfluorinated ep-
oxy bonded somewhat more strongly [ten-
sile strength of 743 +142 psi (5.12+0.99
MPa)] than three fluoroepoxies [tensile
strengths of 573 + 160, 586 + 188, and
567 +200 psi (3.95+1.10,4.04 +1.29, and
3.91 +1.38 MPa), respectively].
Depending on the specific parts to be
bonded and the curing process desired,
either or both the fluoroepoxy resin and
curing agent chosen could be liquid or
solid. For example, to make a laminate of
large area, a mixture of solid resin and solid
curing agent could be pressed between
the layers to be bonded and heated to

make the compounds react. In this case,
one of the main requirements is that at
some time during the process the fluoro-
epoxy compound be sufficiently liquid or at
least able to flow under pressure and wet
the surfaces of the fluoroplastic parts.

This work was done by Sheng Yen Lee
of Goddard Space Flight Center. For fur-
ther information, Circle 59 on the TSP Re-
quest Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Goddard Space Flight Center
[see page 18]. Refer to GSC-13072.

Soluble Aromatic Polyimides for Film Coating
Films are nearly colorless and soluble and exhibit good mechanical properties.

Langley Research Center, Hampton, Virginia

Because of their toughness, flexibility,
and remarkable thermal stability, linear all-

8

aromatic polyimides are excellent can-
didate film and coating materials for ad-

vanced electronic circuitry and wires.
However, the inherent insolubility of these

NASA Tech Briefs, February 1989



polymers has somewhat limited their use-
fulness for electronic applications. A re-
cent study determined the effects on sol-
ubility of changing isomeric points of
attachment of phenoxy units in the diamine
portions of several all-aromatic polyimides.
Hexafluoropropane- and oxygen-contain-
ing dianhydrides (6FDA and ODPA) were
used because of their known value in con-
tributing to the stability of polyimides. The
aromatic diamines used were varying iso-
mers of oxydianiline (ODA) and bis(amino-
phenoxy)benzene.

Reactions of monomers yielded pale-
yellow-to-colorless polyamic acid solu-
tions. Tough, flexible, transparent films
were produced by thermally converting the
polyamic acids to polyimides at 300 °C in
air. Films ranged in color from light yellow
to essentially colorless, depending on
thickness. The glass-transition tempera-
tures (Ty) of films increased within each
series of polymers as the linkages of the

aromatic diamines were varied from all
meta to all para. Polyimides prepared with
6FDA consistently displayed hlgherT than
did ODPA dianhydride-containing poly
mers with the same diamines.

Polymers prepared with ODPA dianhy-
drides were less soluble overall than those
prepared with 6FDA, which were exceed-
ingly soluble in the solvents used. The solu-
bility increased with the incorporation of
meta isomerism or ortho isomerism, which
serves to create more “kinks” and dissym-
metry in the polymer chains. The same
trend was observed to a lesser degree in
films containing ODPA.

Ortho isomerism appeared to have a
greater effect on the solubility of ODPA
films than did meta isomerism. Polymers
prepared with 3,3-ODA and 2,4-ODA
were found to be readily soluble at great-
er than 30- to 40-percent solids at room
temperature in amide solvents. These
polyimides are also readily soluble in chlo-

rinated solvents and other low-boiling-tem-
perature solvents. They can therefore be
spray-coated onto desired substrates in
the fully imidized form, eliminating the

need to heat the substrates.

These soluble, phenoxy-linked poly-
imides yield tough, flexible, colorless-to-
pale-yellow transparent films from amide
or chlorinated solvents. Their potential for
electronic applications should be excel-

lent.

This work was done by Anne K. St. Clair
and Terry L. St. Clair of Langley Research
Center. Further information may be found
in NASA TM-89016 [N87-16911/NSP],
“Soluble Aromatic Polyimides for Film

Coating 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.  LAR-13700

Flexible, Polymer-Filled Metallic Conductors ... ese materiais sossess the

Combined advantages of metals and polymers are exploited by
advanced manufacturing techniques.

Lewis Research Center, Cleveland, Ohio

A procedure has been developed to
make materials that are both flexible and
reasonably good electrical conductors.

Heretofore, electrical conductors for pow-
er and signal applications have been man-
ufactured from pure metals and metal al-

requisite electrical conductivity. Unfortu-
nately, the repeated flexure of these metals
in ordinary handling produces stress fa-

tigue and, ultimately, mechanical failure.

Polymers that have much better flexure
durability have been tried, but they are in-
adequate because of their very low elec-
trical conductivity. Furthermore, because
they have low thermal-decomposition tem-

When it comes to smooth, precise lin-
ear motion, come to the original:
Automation Gages. We're the experts
in ball and roller slide assemblies. In
fact, AG invented the patented single
wedge pre-load adjustment technique
which permits perfect adjustment with
one screw and eliminates all play and
backlash. For durability, repeatability,
and long term value, AG ball and
roller slides have no competition.

AG

AG offers nine basic lines and a
total of 63 models available from
stock. Travels range from 2" to 15"
for light, medium and heavy duty
applications. And if AG doesn’t have
exactly what you need, we'll design
and manufacture it for you to your

THE FIRST FAMILY IN LINEAR MOTION:

AUTOMATION
GAGES, INC.
BALL AND
ROLLER SLIDES

NOW

63 MODELS
AVAILABLE
FROM STOCK
FOR IMMEDIATE
DELIVERY!

specifications.

In addition to ball and roller slides,
AG has positioning and measuring
stages and accessories, all available
with a phone call. For the best in lin-
ear motion, call the first family, Auto-
mation Gages, first.

WRITE OR CALL FOR FREE CATALOG

“got a problem...call”

1-800-922-0329. IN NEW YORK STATE, CALL 716-544-0400

AUTOMATION GAGES, INC.
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Technology so

advanced it will
help answer some

big questions.

THORNEL" Advanced Composites

Proprietary materials development.
Our mesophase pitch fibers, based on
unique technology patented worldwide,
are now available in more forms than ever,
including individual prepreg plies of one mil
thickness. These materials and materials
systems demonstrate properties essential
for solving many of your most demanding
problems when it comes to aero, outer
and deep space applications.

New performance frontiers. So far,
this new technology has shown stiffness
characteristics far superior to current
materials. It also imparts unsurpassed
dimensional stability allowing you to tailor
coefficients of expansion to 0 or negative
if required. Plus, with thermal conductivity
3 to 5 times that of copper, it can solve
many of the thermal management prob-
lems encountered in aerospace designs.

The attainable unknown. While current
applications include laser hardening, low
observable technology and use in space
radiators, space panels and heat sinks, the
potential of this material can take you far
beyond today's design limits. With our
ongoing research and the evolution of
design the mysteries of space will, in time,
be revealed.

We can help. Ask us questions. Our
research people can guide you to materials
solutions for your toughest design prob-
lems. You can reach us at Amoco Per-
formance Products, Customer Service,
|-800-222-2448.

We do more than create the technol-
ogy. We share the vision.

THE ALL AMERICAN SOLUTION

Amoco Performance Products
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peratures, the polymers cannot be heated
to a liquid state and mixed with molten
metals to produce metal-organic materials
that might have improved stress-fatigue
properties.

In the new manufacturing procedure, a
metal or a polymer sheet substrate is
cleaned with a beam of energetic inert-gas
ions to remove adsorbed gases and con-
taminants from its surface. After this clean-
ing, the substrate is coated by cosputter
deposition of both a conductive metal and
a flexible polymer. The substrate is then re-
moved by either a mechanical or a chemi-
caldissolution technique, and the result-
ing flexible metal/polymer conductor can

then be bonded at low temperature to con-
ductor-surface contacts. Material thus pro-
duced exhibits both adequate electrical
conductivity to convey power or signals
and a flexibility that is superior to that of
conventional metal conductors.

To demonstrate the beneficial proper-
ties of such a material, a mixture of 76
volume percent gold and 24 volume per-
cent polytetrafluoroethylene approximate-
ly 8,000 A thick was codeposited by ion-
beam sputtering on a Kapton® polyimide
substrate 0.0005 in. (12.7 um) thick. The re-
sulting laminate was capable of being bent
(with the coating in tension) on a radius of
curvature of 0.17 mm without either crack-

ing or crazing the conductive coating.
However, a 100-percent-gold coating of the
same thickness was found to craze at a ra-
dius of curvature of 1.6 mm. Furthermore,
the addition of the 24 percent of polymeric
constituent raised the resistivity to only 3.7
times that of the pure gold.

This work was done by Bruce A. Banks
and Diane M. Swec of Lewis Research
Center. No further documentation is avail-
able.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Lewis Re-
search Center [see page 18]. Refer to
LEW-14161.
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Low-Thermal-Expansion Filled Polytetrafluoroethylene
PTFE would be made thermally compatible with aluminum

without changing its dielectric constant.
o e e e e e e e s ]

NASA'’s Jet Propulsion Laboratory, Pasadena, California

According to a proposal, polytetrafiuo-
roethylene (PTFE) would be manufactured
with fillers and pores to reduce its coeffi-
cient of thermal expansion by a factor of
6 to match that of aluminum. The new ma-
terial would retain the 2.1 dielectric con-
stant of pure PTFE.

Heretofore, the great difference in ex-

pansion rates precluded the use of PTFE
insulation in aluminum coaxial connect-
ors, unless temperature could be restrict-
ed toanarrow range. Previous efforts to re-
duce the thermal expansion of PTFE also
changed the dielectric constant, and the
resulting material therefore could not be
used as a direct substitute for pure PTFEin

existing designs for 50-Q coaxial connect-
ors. For example, the addition of 50 per-
cent mica or silica filler to reduce thermal
expansion increases the dielectric con-
stant to about 3.7. The introduction of mi-
cropores to reduce the expansion also de-
creases the dielectric constant to 1.5.
The new material combines the filler

Dependable white heat

NASA Tech Briefs
Presents

White heat: 1700 C. Lindberg’s 1700 C box furnace delivers it using a
unique combination of molybdenum disilicide heating elements and
graded fiber insulation. This furnace is fast. Efficient. Dependable.
Provides performance and responsiveness that other box furnaces
can't touch. It's equally efficient at lower temperatures, making it an
ideal choice for all your requirements. No wonder Lindberg’s 1700 C
box furnaces have quickly become the industry standard.

And look to Lindberg for the latest in microprocessor-based control.
The three-mode digital display control shown maintains tempera-
ture within + 1 C. Optional programmable controllers are available
for convenient temperature profiling

For all the facts, write:
Lindberg, A Unit of
General Signal, 304
Hart Street, Water-
town, WI 53094,
Phone: 414-261-7000
(: 414-261-0925.

« « the most productive heat source under the sun

60 Circle Reader Action No. 671

THE
SPACE
SHUTTLE
ART
1 COLLECTION

A portfolio of ten gorgeous color posters reproducing
paintings by noted space artists. Prints include a stun-
ning acrylic rendition of a night launch; the Shuttle
seconds after liftoff; and the triumphant craft gliding
towards the landing strip. All are suitable for framing.
11x14 inches (each). Shipped flat.

Only $13.95 for the set of ten posters.
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| have enclosed $. plus $3.00 for postage
and handling. Rush me sets of Shuttle Art.
Total enclosed: $ (NY residents add sales tax)
Name

Address

City State Zip

Send check or money order to:
NASA TECH BRIEFS,

Dept. F, 41 East 42nd St.
New York, NY 10017
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and micropore concepts. The filler and mi-
cropores are expected to function syner-
gistically; less filler and fewer micropores
should be needed than if either were used
alone to reduce the thermal expansion.

Particles of mica, fused silica, or other
suitable low-expansion material would be
blended with finely-ground hydrocarbon
powder and powdered PTFE. The mixture
would be heated to fuse the PTFE granules
and the filler particles with the PTFE. With
continued heating to a temperature not to
exceed 550 °F (288 °C) (the maximum usa-
ble temperature of PTFE), the hydrocar-
bons would evaporate and escape from
the PTFE matrix, leaving interconnected
voids (see figure). Because the fillers and
voids increase and decrease the dielectric
constant, respectively, the amounts of
each can be chosen to leave the dielectric
constant unchanged.

From previous experience, it is known
that the mica particles accept the com-
pression forces created when the PTFE
shrinks at low temperatures. At high tem-
peratures, the PTFE becomes pliable, and
the voids take up the excess volume so
that the PTFE does not exert excessive
tensile forces on the mica particles. With
the blending of suitable proportions of the
two fillers, it should be possible to balance
these effects so that the filled, porous
PTFE will have the correct dielectric con-

Expansion and
Contraction of
PTFE in Void

Particles of Mica
or Fused Silica

Particles and Voids embedded in the PTFE matrix function cooperatively. The particles take
up compressive stress imposed by contracting PTFE, and the voids take up the expanding
material. The particles increase the dielectric constant, while the voids reduce it.

stant and subject aluminum parts to little or
no tensile or compressive stress as it
shrinks or expands with falling or rising
temperatures.

This work was done by Sanford S.
Shapiro of Hughes Aircraft Co. for NASA’s

Jet Propulsion Laboratory. For further in-
formation, Circle 77 on the TSP Request
Card.

NPO-17189

" CRYOPANEL

L — For Cryopumping in
pesms " a7, Space Simulators, Wind Tunnels
AN and Superconductivity Studies

m Heat Transfer using L-He, L-N,, or L-Air as media

m Blackened inside (low emissivity, high
absorptivity) accepts radiation from test object

m Electropolished outside (high emissivity,
low absorptivity) reflects radiation to reduce
cryo-liquid usage

m Dean, supplier of Cryopanel for more than 30 years

Made of Type 304L or 316L stainless steel, then
blackened on the inside and electropolished on the
outside to simulate space when placed into your
vacuum chamber, Cryopanel Shrouds have been in-
stalled in solar simulator space chambers such as the
very large ARO facility and many other test facilities
including NASA, JPL, TRW and General Dynamics,

© Dean Products, Inc., 1989.

Write for complete details or send (fax) a sketch of your shroud needs to:

Dean Products, Inc.

985 Dean St., Brooklyn, New York 11238-3395
Phone: (718) 789-4444. Fax: (718) 789-5401.
Telex: 126669 Cable: DEANPANCOL

small research facilities, universities and industrial
companies to test/qualify optical, electronic and me-
chanical products for use in space. Dean Cryopanel
also provides the heat absorption needed in wind tun-
nel studies and sub-zero cooling of superconductive
materials. Windows and penetrations for instrumenta-

tion and sight glasses are readily included.
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Polymer Coatings Reduce Electro-osmosis
Poly(ethylene glycol) film controls the £ potential.

Marshall Space Flight Center, Alabama

Electro-osmosis in quartz or glass
chambers can be reduced or reversed by
coating the inside surfaces of the cham-
bers with monomacromolecular layers of
poly(ethylene glycol). Because the new
polymer coats are nontoxic, transparent,
and neutral, they are advantageous for use
in electrophoresis. The new coats are sta-
ble over long times. In contrast, methylicel-
lulose, which is also effective in suppres-
sing electro-osmosis on glass surfaces,
desorbs during long storage periods.

The ¢ potential (the electrostatic poten-
tial across the surface) of an untreated
glass or plastic chamber used in electro-
phoresis is negative and attracts cations
in an aqueous electrolyte. Because the
cations are solvated, they entrain a flow of
electrolyte as they migrate toward the
cathode. This electro-osmotic flow inter-
feres with the desired electrophoresis of
particles suspended in the electrolyte.

The polymer coat is attached covalently
to the surface. It suppresses electro-
phoresis by reducing, or eliminating, the £
potential. The degree of change in the ¢
potential depends on (and can presumably
be controlled by varying) the composition,
structure, molecular weight, and surface
density of the bound molecules.

The effects of electro-osmosis and the
suppression of electro-osmosis during
electrophoresis are best observed in nar-
row quartz capillary tubes with closed elec-
trode ends, containing charged polysty-
rene-latex particles suspended in a dilute
salt solution. As the particles migrate at a
characteristic velocity per unit applied
electric field (defined as the particle elec-
trophoretic mobility), the combination of
electrophoresis, the electro-osmotic flow
of liquid along the wall, and the compensat-
ing return flow of liquid along the center of
the tube causes a parabolic distribution of
particle velocities across the tube. Only at
the stationary level, where the electro-os-
motic flow is zero, is the apparent mobility
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The Degree of Electro-osmosis in coated and uncoated capillary tubes is indicated by the
approximately parabolic curvature in the plot of axial particle velocity versus position across

the diameter of the tube.

of a particle due entirely to electrophoresis.

The figure shows the resulis of such ex-
periments in quartz tubes with various inte-
rior-surface treatments. A coat of methyl-
cellulose and one of poly(ethylene glycol)
of molecular weight 5,000 daltons pro-
duced nearly-flat velocity profiles, indicat-
ing nearly total elimination of electro-os-
mosis. A similar result was obtained with a
poly(ethylene glycol) coat of molecular
weight 20,000 daltons (not shown).

The new poly(ethylene glycol) coats
should be useful in controlling ¢ potentials
over a wide range of pH and making beads
of varying electrophoretic mobility. Cham-
bers of varying electro-osmosis could also
be produced for use in continuous-flow
electrophoresis where optimum results
are achieved by balancing electro-osmotic
and Poiseuille flows. The suppression of
electro-osmosis would enhance isoelec-
tric focusing and analytical particle micro-
electrophoresis.

This work was done by Blair J. Herren

and Robert Snyder of Marshall Space
Flight Center and Steven G. Shafer and J.
Milton Harris of the University of Alabama
and James M. Van Alstine of the Universi-
ties Space Research Association. For fur-
ther information, Circle 153 on the TSP Re-
quest 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

The University of Alabama, Huntsville

Department of Chemistry

Huntsville, AL 35899

or

Universities Space Research

Association

American City Building, Suite 311

Columbia, MD 21044
Refer to MFS-26050, volume and number
of this NASA Tech Briefs issue, and the
page number.

Making Single Crystals of B,C

Crystals precipitate from solution in copper.

e e L e e e o e e ]

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Well-defined single crystals of boron
carbide (B,C) have been grown by slowly
cooling melts containing B,C and copper.
Crystals form both on the surface and in
the interior of the melt.

In experiments, 36.8 weight percent of
prereacted B,C and 63.2 weight percent of

62

copper were placed in a boron nitride (BN)
crucible and heated to about 1,900 °Cinan
atmosphere of argon and then held at that
temperature for about 10 hours. The melt
was cooled then at rates in the range of 7 to
10 °C per hour until the entire melt had so-
lidified. After solidification, the material

was cooled more rapidly to room tempera-
ture. To recover the B,C crystals, the cop-
per was dissolved away with an aqueous
solution of nitric and hydrofluoric acids.

Similar results are expected with other
mixture percentages, temperatures, and
cooling rates.

This work was done by Robert S.
Feigelson of Stanford University for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 81 on the TSP
Request Card.

NPO-17255
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Improving
Thermoelectric
Properties of
(Si/Ge)/GaP Alloys

Annealing in steps increases
the figure of merit.

NASA'’s Jet Propulsion
Laboratory,
Pasadena, California

A carefully-controlled heat treatment in-
creases the thermoelectric figure of merit
of hot-pressed GaP-doped Si/Ge alloy.
Si/Ge alloys have been used in thermo-
electric devices for more than a decade,
during which experimental and theoretical
work has continued with a view toward un-
derstanding and improving these materi-
als.

The thermoelectric figure of merit, Z, is

iven
ohveny by Z = S%PA

where S = the Seebeck coefficient, P =
the electrical resistivity, and A = the ther-
mal conductivity of the material being
characterized. Prior research had shown
that at grain sizes of less than 5 um, the lat-
tice thermal conductivities of heavily-
doped Si/Ge alloys at a temperature of
1,000 K are reduced to about 35 percent
below that of single-crystal Si/lGe. How-
ever, experiments with GaP-doped, fine-
grain, ntype Si/Ge alloys also showed a
decrease in S2/p, with the result that there
was no net increase in Z.

In the new heat treatment, GaP-doped
Si/Ge is annealed at steps of increasing
temperature: 1,200, 1,225, 1,235, and
1,275 °C. In three specimens tested,  de-
creased, causing Z to increase to values
ranging from 1.0to 1.1 mK —, about 30 per-
cent higher than the previous value. Exami-
nation of the specimens by scanning-elec-
tron microscopy revealed the formation of
a phase rich in Ge and Ga, an SiP phase,
and particles of SiO,. These new phases
may be associated with the increase in Z.

This work was done by Jan W.
Vandersande and Charles Wood of Cal-
tech and Susan Draper of Lewis Research
Center for NASA’s Jet Propulsion Labo-
ratory. For further information, Circle 115
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-17259.
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Wardwell's composite braider
Is making military history.

From coast to coast, composites are showing up in military design.
When braided, these materials — such as Kevlar, fiberglass, carbon,
and pre-impregnated fibers — provide superior longitudinal and hoop
strength, over virtually any .mandrel shape. As the
sole domestic supplier of com- N, posite braiders,
engineered by New England Butt, &, Wardwell is
uniquely qualified to make history for your
company — right now. For more
information, call (401) 724-8800 or
write to the Wardwell Braiding
Machine Co., 1211 High Street,
Central Falls, RI 02863. TWX 710 384-1305.

WARDWELL

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

Please rush me Space Shuttle posters.

I have enclosed 8 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
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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
GEQOGRAF call Dirk Smith, Graphics
Marketing Manager at:

1-800-822-2669

>- GEOCOMP Corporation
@ 66 Commonwealth :pve.

7" Concord, MA 01742
Circle Reader Action No. 673

32-bit Floating Point
Array Processor for
PC, XT, AT, & Compatibles

Includes—
B PL800 Board

B 473 functions callable from C,
FORTRAN, or Turbo Pascal

B 800-Page Reference Manual

I Software designed for up to
8 PLBOOs, running In parallel

1K Complex Floating Point FFT 12.74ms

For more information and
benchmarks, contact:

Elghteen Eight Laboratories
771 Gage Drive
San Diego, CA 82106

(619) 224-2158
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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

64 Unified Engineering Software System
67 Eliminating Tracking-System Clock Errors
68 Stellar Inertial Navigation Workstation

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.

= Fabrication Technology

Unified Engineering
Software System

A collection of computer
programs performs diverse
functions in prototype
engineering.

NEXUS, the NASA Engineering Extendi-
ble Unified Software system, is a research
set of computer programs designed to sup-
port the full sequence of activities encoun-
tered in NASA engineering projects. This se-
guence spans preliminary design, design
analysis, detailed design, manufacturing,
assembly, and testing. NEXUS primarily
addresses the process of prototype engi-
neering, the task of getting a single or small
number of copies of a product to work.

The spinoff benefits of automating pro-
totype engineering are significant because
prototype engineering is a critical element
of large-scale industrial production. The
time and cost needed to introduce a new
product are heavily dependent on two fac-
tors: (1) how efficiently required prototypes
of the product can be developed and (2)
how efficiently required production facili-
ties, also a prototype engineering develop-
ment, can be completed.

The extendability and unification of NEX-
US are achieved by organizing the system
as an arbitrarily large set of computer pro-
grams to which access can be gained in a
common manner through a standard user

interface. The NEXUS interface is a mul-

tipurpose interactive graphics interface

called NASCAD (NASA Computer Aided

Design). NASCAD can be used to build and

display two- and three-dimensional geome-

tries; to annotate models with dimension
lines, text strings, and the like; and to store

and retrieve such information related to a

design as names, masses, and power re-

quirements of components used in the
design.

From the user’s standpoint, NASCAD en-
ables the construction, viewing, modifica-
tion, and other processing of data struc-
tures that represent the design. Four basic
types of data structures are supported by
NASCAD: (1) three-dimensional geometric
models of the object being designed, (2) al-
phanumeric arrays to hold data ranging
from numeric scalars to multidimension-
al arrays of numbers or characters, (3) tab-
ular data sets that provide a relational-
data-base capability, and (4) procedure
definitions to combine groups of system
commands or other user procedures to
create more powerful functions. NASCAD
has extensive abilities to handle IGES for-
mat data, including proposed solid-geome-
try formats. This facilitates interfaction with
other CAD systems.

NEXUS/NASCAD supports the activities
encountered in various engineering proj-
ects as follows:

1. In preliminary design, geometric models
can be built from points, lines, arcs,
splines, polygons, drive surfaces, ruled
surfaces, and bicubic spline surfaces.
Geometric models can be displayed in
any view (including removal of hidden
lines and surfaces) to check design fea-
tures.

2. In the analysis of design, geometric mod-
els and related data structures can be
used to build a NASTRAN data deck. Cal-
culated stress data can be added to mod-
el data structures and displayed as varia-
tions of color on the geometric model.

3. Indetailed design, the geometric model is
dimensioned and annotated, and manu-
facturing and assembly drawings are
generated.

NASA Tech Briefs, February 1989



4. In manufacturing, the geometric model
and related data structures developed by
NASCAD can be used to build input for
the APT program, which generates the
cutter-location (CL) file that describes the
required motions of a machine tool.

5. In assembly, a plan for a robot to put to-
gether or take apart (repair) a set of me-
chanical components can be generated
on the basis of an IGES solid-geometrical
description.

6. In testing, data from measurements can
be correlated with predictions made dur-
ing the design-analysis phase.
NEXUS/NASCAD is available by license

for a period of 10 years to approved

licensees. The licensed program product
includes the source, executable code,
command streams, and one set of docu-
mentation. Additional documentation may
be purchased separately at any time. The

NASTRAN and APT programs are distrib-

uted separately from the NEXUS/NAS-

CAD system: Call or write to COSMIC for

details.

The NEXUS/NASCAD system is written
in FORTRAN 77 and PROLOG with com-
mand streams in DEC Control Language
(DCL) for interactive execution under VMS
on a DEC VAX-series computer. All of the
PROLOG code deals with the robot strat-
egy planner feature. A minimum recom-
mended configuration isa DEC VAX 11/750

with 8 megabytes of real memory, 250
megabytes of disk storage, and a floating-
point accelerator. For interactive graphics,
NEXUS/NASCAD currently supports Tek-
tronix 4114, 4016, 4115, and 4095 termi-
nals; Lexidata Solidview terminals; and
Ramtek 9400 terminals. Most features are
supported on the VT 125, and the non-
graphics features are available from a
standard ASC Il text terminal. The
NEXUS/NASCAD system was first releas-
ed in 1984 and was last updated in 1986.
This program was written by L. R.
Purves, S. Gordon, A. Peltzman, and M.
Dube of Goddard Space Flight Center.
For further information, Circle 140 on the
TSP Request Card.
GSC-12900

Mathematics and
Information Sciences

Eliminating Tracking-
System Clock Errors

Problems of redundancy and
correlation are avoided.
The ORTHO computer program elimi-

nates the effect of clock errors in the differ-
ential solutions for the positions of users of

the Global Positioning System (GPS). The
GPS is being developed by the U.S. Air
Force and will use up to 24 NAVSTAR
satellites to broadcast navigation mes-
sages for worldwide coverage. The normal
positioning technique involves the use of
one receiver, which receives signals from
at least four GPS satellites. For higher ac-
curacy, it is often necessary to use a dif-
ferential technigue that requires more than
one receiver. A geodetic measurement in
which all receivers are on the ground en-
ables the determination of the relative loca-
tions of the ground sites.

The main application of the ORTHO pro-
gram is in the elimination of clock errors in
a tracking system based on the GPS. The
measured distance (pseudorange) from a
GPS receiver contains errors due to differ-
ences between the receiver and satellite
clocks. The conventional way of eliminat-
ing clock errors is to take the differences
between the pseudoranges between dif-
ferent GPS satellites and receivers. The
Householder transformation used in this
program performs a function similar to the
conventional single differencing or double
differencing. This method avoids the prob-
lem of redundancy and correlation en-
countered in a differencing scheme. It
keeps all information contained in the
measurements within the scope of a least-
squares estimation. For multiple-transmit-

“NASA Tech Briefs
heiped make

our product
a best-seller.”

—Alex Wellins
Director of Marketing,
The Visionics Corporation

**Advertising is extremely
important to Visionics. We
market the EE Designer series of

RDK Debuts First
"D/E" Size Thermal Plotter!!

RDK, Inc., manufacturer of pen/pencil upright
and flatbed digital plotters, chart recorders and
data acquisition systems, announces the
newest member of its product line,
the "D/E" Thermal Plotter.

PC-based CAE/CAD software direct
to the end-user, so we rely on NASA Tech
Briefs to generate quality leads for us.

We find that NASA Tech Briefs not only generates
a good number of leads, but, more importantly,
that an extremely high percentage of these leads
are turned into sales. As an advertiser, that’s
what it's all about.

I see the relationship between NASA Tech Briefs
and Visionics as a partnership that benefits us
both.”

bbb+ < g4 gl 4 b+ g < G+ G b i+ Gl + i+ G + b # b ¢
You too can find profit in these pages. For a
complete marketing kit, call (800) 258-0201, or
clip your business card to this ad and mail to:
NASA Tech Briefs
41 East 42nd St., New York, NY 10017-5391

\otie
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e Built-in Vector/Raster Conversion e Pen/Pencil "D" Size Plotter
e High Resolution, 8 Line Widths e HP-GL Compatible

e HP-GL Compatible e High Speed and Resolution
e 10 Megabyte Buffer e Unattended Plotting

e RS-232C/Centronics Parallel e Inexpensive to Own/Operate

P.O. Box 14743 e Austin, Texas 78761
(512) 832-5464
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ter-and-receiver GPS tracking networks,
this method is, in general, more accurate
than the differencing technique.

This program is based in part on the
assumption that the non-clock-measure-
ment partial derivatives for the particular
application were computed earlier by an-
other program. With the partial derivatives
and information to identify the transmitters
and receivers as the input, the program
performs the Householder transformation
on the partial derivatives. The transformed
partial derivatives are the output of the pro-
gram and can be used as input to the filter
program in the subsequent estimation
process. Clock partial derivatives are gen-
erated internally and are not part of the in-
put to the program.

ORTHO is written completely in FOR-
TRAN 77 on the DEC VAX operating under
VMS 4.5 and requires 805K of central
memory. LINPACK, a public-domain sub-
routine package distributed by Argonne
National Laboratory and IMSL subroutine
library, is required. The program was re-
leased in 1988.

This program was written by Jiun-tsong
Wu and William 1. Bertiger of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 158 on the TSP

Stellar Inertial Navigation
Workstation

Software and hardware are
assembled to support specific
engineering activities.

The Stellar Inertial Navigation Worksta-
tion (SINW) is an integrated computer
workstation that provides systems and en-
gineering support functions for Space-
Shuttle guidance and navigation-system lo-
gistics, repair, and procurement activities.
The workstation consists of personal-com-
puter hardware, packaged software, and
custom software integrated together into a
user-friendly, menu-driven system.

The use of low-cost personal-computer
equipment makes it economically feasible
to dedicate the SINW to a limited set of ap-
plications. The system includes data-base
and reporting functions for the scheduling
of project activities, manpower, the prepa-
ration of correspondence, engineering de-
sign changes, items that require action by
management, requirements table base-
line, and the preparation of charts. With
maodification, the SINW could be used in
other similar engineering activities in in-
dustry. The methodology and principles of

The software configuration of the SINW
includes the following packages:

¢ |BM PC DOS (including the IBM LINK pro-
gram);

* Microrim’s R:base 4000 Database Man-
agement System, Extended Report Writer
(XRW), and Program Interface (Pl) Library;

* FPA’s File Path Program,;

® Seaware Corporation's Extended Batch
Language (EBL) BAT program;

¢ |BM's Fixed Disk Organizer (FDO) pro-
gram;

* Micropro's WordStar, CorrectStar, and
Mail Merge;

® | otus 1-2-3; and

* Hayes Smartcom Software.

The higher-level languages used for cus-

tom software programming include IBM’s

BASIC language and Microsoft Pascal.

The SINW program was developed in
1984. It is designed to operate on an IBM

PC XT configured with one 360-kb floppy

drive, one 10-Mb fixed disk, a monochrome

CRT with Hercules HiResolution Board, an

HP LaserJet printer, a Hayes Smart-
Modem, and an HP 7475A Plotter.
This program was written by W. Johnson,

B. Johnson, and N. Swaminathan of Abacus

Programming Corp. for Johnson Space

Center. For further information, Circle 160

Request Card. the workstation implementation strategy on the TSP Request Card.
NPO-17098 can be applied in business and industry to MSC-21093
develop similar workstations.
NTB:BASE Offers

rom NASA Tech Bnels

mrsa 12,000+ Solutions

In minutes you can search 25 years of NASA Tech Briefs
to find innovations related to your current project.
NASA may have already found a solution or may
suggest other ways of resolving the problem. On the
way to space NASA has had to solve thousands of
problems in all engineering fields under the most
extreme conditions. Put that wealth of technology to
work for you.

® PC-Compatible database. Can @ Subscription cost—each cate-
be used on IBM PC/XT/AT or com- gory cost only $100.00. All six for

patible with 256k-memory, DOS 2.0, $500.00. Annual updates $20.00 per
double-sided disk drive. category or $100.00 for all six.

VI D N O PR D (o S M T
Enclosed is check for § for the following categories:
] A Electronics —] E Fabrication Technology
] B Physical Sciences — F 3-in-1(Mathematics &
2 € Mechanics Information Sciences, Life
T D Materials Sciences and Computer
] » ALL CATEGORIES Programs)
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LIGHT MEASUREMENT

Name

Company

Address

City

State___Zip

Phone. [J Request more information

NTBM Research Center
41 East 42nd St., NY, NY 10017-5391
212/490-3999
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Everyone’s talking about it now, but we've been shipping it
since 1982. And we've continued to set the real-time standard
every year since. RTU™, our real-time enhanced UNIX
operating system, provides guaranteed

response plus the flexibility and compatibility

of AT&T System V and 4.2 BSD.

Scientists, engineers, systems integrators,

and OEMs can choose from a family of
MC68030/020-based multiprocessor
computers, from 3 to 25 MIPS, with VMEbus™
and Multibus.™ They’re designed for high-
performance applications in data acquisition,
digital signal processing, imaging, C*I, and
real-time simulation.

What's behind the trend to real-time UNIX?
Want to learn how your real-time application can benefit
from UNIX power and compatibility?

Concurrent :
Computer Corporation
UNIX is a trademark of ATET Bell Labs.

MASSCOMP and RTU are trademarks of Concurrent Computer Corporation.
VMEbus is a trademark of Motorola Corporation. Multibus is a trademark of Intel Corporation.

Circle Reader Action No. 581

Send in the coupon below for your free copy of
Understanding Real-Time UNIX, by Prof. John Henize.

Get in tune with the best real-time systems
available.

1-800-451-1824
(MA 508-692-6200)

Send this coupon to Concurrent Computer Corp., Dept. ]-MF
One Technology Way, Westford, MA 01886

O] YES, please send a complimentary copy of
Understanding Real-Time UNIX.

U1 Send me information on MASSCOMP real-time
computer systems.
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COMPANY
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PHONE
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Venting Gases With Minimum Loss of Heat
The design of a vent reduces radiative transfer of heat.

Goddard Space Flight Center, Greenbelt, Maryland

A venting system allows gases to es-
cape while minimizing the loss of heat by
radiation. By allowing the gases to escape,
venting prevents an excessive buildup of
internal pressure on the thermal blanket.
Developed to permit outgassing from ther-
mal-blanket-covered spacecraft during
passage from the atmosphere of the Earth
to the vacuum of space, the venting ap-
proach may be adaptable to thermal insu-
lation in laboratory vacuum systems.

The system provides paths that allow
gases to flow but occlude radiation from
the inside to the outside. The system con-
sists of vent modules, each folded from a
sheet of polyimide laminate into a long,
slender box (see figure). The box is pierced
on top and bottom by four holes, which
allow the free exchange of air or other gas-
es between the inside and the outside. Ina
representative application, a box is 8.4 in.
(21.3 cm) wide, 0.3 in (.76 cm) high, the
holes are 1 in. (2.54 cm) in diameter, and
nine boxes are used.

The exterior of the box is covered with
polyimide tape on which a gold film has
been vapor-deposited. The film ensures low
infrared emissivity. Nonmetallic spacers of
low thermal conductivity are positioned be-
tween the upper and lower surfaces of the
box at six points. The spacers enable the

mounting of the box on lugs and maintain
dimensional stability under pressure loads
resulting from the inflow and outflow of
gases.

The outer surfaces of the box are cov-
ered with multilayer thermal blankets. Each
blanket consists of 10 layers of aluminized
polyimide interleaved with polyester net-
ting.

This work was done by James R. O’Coin
and Joseph Genovese of United Technolo-

gies Corp. for Goddard Space Flight

Center. For further information, Circle 70
on the TSP Request Card. GSC-13133
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The Polyimide Box serves as a modular vent. Many such modules can be combined to suit
the gas-flow requirements of the equipment. Indirect flow paths, external thermal control
film, and thermal blankets reduce the radiative loss of heat from the interior.

Measuring Thermal Conductivities of Rough Specimens
Cost is reduced and accuracy and repeatability increased.

Lyndon B. Johnson Space Center, Houston, Texas

The thermal conductivity of an irregular-
ly surfaced specimen can be measured
more accurately and reliably than before
by use of a heat-transfer adhesive that
establishes contact between the speci-
men and the reference standards. The
method is also useful when the specimen
must be made up of fragments of material.
The adhesive ensures good thermal con-
tact to pieces that do not match the others
in height (see figure).

70

Previously, the standard practice was to
machine each specimen to a smooth, flat
surface and load it in compression be-
tween the reference standards. The ma-
chining was costly and time consuming,
and compressive loading did not ensure
consistency of the contact thermal resist-
ance.

The adhesive is cupric oxide cement,
which has high thermal conductivity and
bonds to many materials. It is usable at

temperatures up to 500°C and can be
readily removed from glass or metal refer-
ence standards after the measurements
are completed.

The assembled specimen and the refer-
ence standards are simply bonded togeth-
er with the cement, which cures at room
temperature. The reference standards are
of identical size and shape and similarly in-
strumented with thermocouples. The
sandwich structure consisting of the speci-
men between the two reference standards
is placed between the upper and lower

NASA Tech Briefs, February 1989




MATH ADVANTAGE

TOOLSMITH SERIES®

FORTRAN VERSION

Get maximum compute-engine
performance for every applica-
tion, with Math Advantage®
from QTC.

Math Advantage is the de facto
standard for math libraries in high-
speed computing environments. It’s
developed and optimized by QTC’s
team of mathematicians, applications
engineers, and supercomputer
experts. It features over 260 fre-
quently used but hard-to-program
subroutines. And it runs on over 40
systems ranging from Cray X-MP

to IBM PC, Cyber to VAX, Sun
to Mac.

Best of all, Math Advantage gives
you FORTRAN, C, and Ada
versions of algorithms like FFTs,
eigensolvers, matrix operations,
and BLAS, all completely
ready-to-run. So it helps
you optimize the most

tools, Math Advantage also comes
with unmatched documentation, sup-
port, and technical excellence.
See for yourself—over 10,000
Math Advantage users already
have. Contact QTC at
1-800-234-0168, or
Telex 910 240 2827
for more

valuable resource of information.
all—your time. —
Because it’s from m
QTC, the experts in high- o
performance development m;mdogy“
Corporation

Math Advantage and Toolsmith Series® are registered trademarks of Quantitative Technology Corporation

Copyright © 1989 Quantitative Technology Corporation

Circle Reader Action No. 570



heaters and mounted on a liquid-cooled
heat sink. A guard heater is placed around
the setup, and the space around it and be-
tween it and the apparatus is filled with
alumina insulation.

The upper heater is set to atemperature
higher than that of the lower heater to
establish a controlled vertical temperature
gradient in the sandwich. (The guard heat-
er and the insulation nearly eliminate the
radial gradient.) The temperatures of the

specimen and of the reference standards
are measured at various points. The ther-
mal conductivity of the specimen is calcu-
lated from the temperatures and the dis-
tances between the measurement points.

In a comparison of measurements with
and without the adhesive, the apparent
thermal conductivities were higher in the
adhesive-bonded specimens. For an ad-
vanced carbon/carbon composite materi-
al, for example, the thermal conductivity at

room temperature was 147 Btuein./heft2
« °F (21.2 Jim. °C) for a bonded specimen
and 49 Btuein./hft2% °F (7.1 Jime °C) for an
unbonded specimen.

This work was done by Aloys H.
Striepens and Chi-Wang Chang of Rock-
well International Corp. for Johnson
Space Center. For further information,
Circle 1570n the TSP Request Card.
MSC-21333
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Ideally, Heat Flows Uniformly through a specimen (left). In rough-surfaced or unequally sized specimens, however, the heat-flow pattern be-
comes distorted, and temperatures at the measurement points do not accurately represent those throughout the reference standards and
specimen. Filling the voids with a conductive adhesive restores the nearly uniform distribution of the heat flow.

Double-O-Ring Plug for Leak Tests

A verifiable redundant seal contributes to testing and assurance of safety.

Marshall Space Flight Center, Alabama

A pressure plug features redundant
O-ring bore seals and an axial port that
opens laterally into the space between the
O-rings to enable testing of the seals (see
figure). Designed to plug holes used to test
the large O-rings of the Space Shuttle solid
rocket boosters, the pressure plug might
be useful to seal test or cleanout holes that
are normally kept closed in hydraulic ac-
tuators, pumps, and other pressurized
systems.

After the plug is installed and verified, a
sealing ring — essentially an O-ring
mounted as a washer — is placed in a
recess in the plug and compressed by a
screwhead. Thus, the screwhead and seal-
ing ring act as a secondary seal in parallel
with the outer O-ring.

This work was done by James H.
Greene of United Technologies Corp. for
Marshall Space Flight Center. No fur-
ther documentation is available.
MFS-28222
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An Axial Passage in the plug is connected through a radial passage to the space between
the O-rings. The opening is used to test the O-rings, then sealed with a smaller O-ring com-

pressed by a machine screw.
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High-Capacity Heat-Pipe Evaporator

The cylindrical configuration increases the contact conductance.

Lyndon B. Johnson Space Center, Houston, Texas

A heat pipe with a cylindrical heat-input
surface has a higher contact thermal con-
ductance than does a comparable one
with the usual flat surface. Because the cy-
lindrical heat absorber promotes the near-
ly uniform flow of heat into the pipe at all
places around the periphery of the pipe,
it helps to eliminate hotspots on the heat
source.

The cylindrical heat absorber, an extrud-
ed aluminum tube with internal lugs, is the
housing for the heat-pipe evaporator (see
figure). A porous wick of polyethylene or
sintered metal powder extends from the
heat-pipe condenser into the round center
channel of the evaporator tube, fitting
snugly against the ends of the lugs. Ar-
teries in the wick carry the working liquid
from the condenser to the evaporator.

The liquid moves through the 80- and
120-um-wide-capillaries to the surface of
the wick. There, heat from the lugs, con-
ducted by the aluminum tube from the ex-
ternal heat source, causes the liquid to
evaporate. The vaporized working fluid re-
turns to the lower pressure condenser
through the open passages between the
lugs.

A cylindrical evaporator with a 1.75-in.
(4.4-cm) diameter using ammonia as the
working fluid would be able to transfer heat
at a rate of 7,500 watts. This capacity is far
higher than that of all known heat pipes
now in operation.

This work was done by J. A. Oren, R. J.
Duschatko, F. E. Voss, and L. W. Sauer of
LTV Corp. for Johnson Space Center. For
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Lugs in an Aluminum Pipe carry heat from the outer surface to the liquid oozing from the
capillaries of the wick. The liquid absorbs the heat, evaporates, and passes out of the evap-

orator through the interlug passages.

further information, Circle 50n the TSP Re-
quest Card. MSC-21272

Optimizing Locations of Nodes To Reduce Vibrations
The distribution of mass is modified to move the nodes to desired locations.

Langley Research Center, Hampton, Virginia

The current trend in the design of air-
craft and spacecraft isto incorporate, inan
integrated manner, various design require-
ments at an early stage in the design proc-
ess. The conventional approach to meet-
ing vibration requirements has been to
correct a design for vibration, sometimes
after a serious problem has been detected.
Advances in technology are leading to
more-complicated aircraft and spacecraft,
with higher required speed and perform-
ance. Therefore, it is more important to in-
clude vibration requirements early in the
design process.

Recently, the concept of modal shaping
has been proposed as a method to reduce
structural vibration. The current optimiza-
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tion technique deals with the placement of
nodal points, which is related to modal
shaping and consists of modifying the dis-
tribution of the mass of a structure to place
the node of a mode at a desired location.
The key to this optimization procedure is
the analysis of the sensitivity of the loca-
tions of nodes, which provides straightfor-
ward expressions for the derivatives of the
locations of the nodes.

The process of optimization uses added
lumped masses on the structure as design
variables to move the node to a preselect-
ed location. For example, the node can be
moved to a point where low response am-
plitude is required or to a point that makes
the shape of the mode nearly orthogonal to

the distribution of force, thereby minimiz-
ing the generalized force and overall re-
sponse. The formulaton of the optimization
leads to values for added masses that ad-
just the location of a node while minimizing
the total amount of mass required to do so

In one example, the node of the second
mode of a cantilever box beamis relocated
to coincide with the centroid of a pre-
scribed distribution of force, thereby re-
ducing the generalized force substantially
without adding excessive mass. A com-
parison with an optimization formulation
that directly minimizes the generalized
force indicates that the appropriate place-
ment of the node gives essentially a mini-
mum generalized force.
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This work was done by Howard M.
Adelman of Langley Research Center,
Jocelyn I. Pritchard of USAARTA-AVSCOM,
and Raphael T. Haftka of Virginia Polytech-
nic Institute and State University. Further

information may be found in NASA TM-
87763 [N86-31069/NSP], “Sensitivity Anal-
ysis and Optimization of Nodal Point Place-
ment for Vibration Reduction.”

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. LAR-13716

Densitometry by Acoustic Levitation
Detailed knowledge of the acoustic field is not necessary.

NASA’s Jet Propulsion Laboratory, Pasadena, California

“Static” and “dynamic” methods have
been developed for measuring the mass
density of an acoustically levitated solid
particle or liquid drop. These methods have
several advantages over conventional
density-measuring techniques: the sample
does not have to make contact with a con-
tainer or other solid surface, the size and
shape of the sample do not affect the
measurement significantly, the sound field
does not have to be known in detail, and
the sample can be smaller than a microli-
ter.

The “static” method (see Figure 1)isan
extension of a prior gravitational method
for measuring the “compressadensity,” a
composite quantity related to the density
and the adiabatic compressibility. In prac-
tice, sample materials often have adiabatic
compressibilities so low that they can be ig-
noredto a first approximation, enabling the
interpretation of the measurements in
terms of the densities alore.

In the “static” method, the unknown
density of a sample is found by comparison
with another sample of known density.
First, one sample is levitated to the desired
height in the acoustic-levitation chamber,
and the voltage on the acoustic transdu-
cers is recorded. The other sample is then
acoustically levitated and the transducer
voltage adjusted until the sample is held at
the same height as that of the previous
sample. Then assuming that the amplitude
of the acoustic field is proportional to the
transducer voltage, the density o, of the
unknown sample is related to the density g,
of the known sample by

Q = Q1(V2/V1)2
where V, and V, are the transducer
voltages for the known and unknown
samples, respectively.

The “dynamic” method (see Figure 2)
can be practiced with or without a gravita-
tional field. The acoustic levitating field
serves, in effect, as a spring instead of as a
measure of gravitational force. The acou-
stic field is amplitude modulated by a few
percent to make the sample oscillate about
the equilibrium levitation position. The
modulation frequency is varied until the

Figure 2. A Levitated Sample Oscillates
about an equilibrium levitation position.
The amplitude of oscillation is measured
optoelectronically. The transducer voltage
and oscillation frequency are also
recorded.
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resonant frequency of the oscillation is
found, as indicated by the maximum ampli-
tude of the excursions of the sample from
the equilibrium position.

If known and unknown samples are levi-
tated to the same equilibrium position and
made to oscillate, then the density of the

unknown sample can be found from

Qo = &4(Vofy/Vyfpf
where f, and f, are the resonant frequen-
cies of the known and unknown samples,
respectively. In the absence of a gravita-
tional field, the equilibrium position would

not depend on the voltage, and the equa-

tion would be simplified to
@ = 91(f2/f1)2
This work was done by Eugene H. Trinh
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
22 on the TSP Request Card.
NPO-16849

Borescope Inspects With Visible or Ultraviolet Light

Quartz optical fibers improve performance at ultraviolet wavelengths.

Marshall Space Flight Center, Alabama

A borescope can be used to inspect the
interior of small-diameter tubing by both
“white” (visible) light and “black” (ultravio-
let) light. The borescope (see figure) em-
ploys quartz fibers to conduct the ultravio-
let light as well as the visible light with high
efficiency. In fact, the intensity of the ultra-
violet output far exceeds that of other com-
mercial borescopes of the same diameter.
The ultraviolet output exceeds 1,000 uWicm?2

The borescope probe is 4 mm in diame-
ter. It is intended for inspecting the interior
surfaces of tubes with the aid of fluores-
cent penetrant dyes. The tubing, which is
only 0.190 in. (4.83 mm) in inside diameter,
is used in heat-exchanger coils. Gradient
optics provide excellent images of internal
defects illuminated with visible or ultravio-
let light.

This work was done by Orlando G.
Molina of Rockwell International Corp. for
Marshall Space Flight Center. No fur-
ther documentation is available.
MFS-29369

Constructing
R-Curves From
Residual-Strength
Data

Old data can be exploited
in a new concept.

Lewis Research Center,
Cleveland, Ohio

A method has been devised for estimat-
ing a crack-extension resistance curve
(R-curve) from residual-strength data on
precracked fracture specimens. The
method enables the inference of additional
information from simple test results, and
that information can be used to estimate
the failure loads of more complicated
structures of the same material and thick-
ness.

The R-curve is one of the most powerful
concepts available to the fracture analyst.
For a specimen or structure of the same
material and thickness in the same envi-
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ronment as those of a specimen for which
a stress-intensity analysis is available, the
R-curve can be used to predict failure
loads. Now, with the new method, it is pos-
sible to reverse the process; that is, given a
curve of fracture strength versus original
crack size, the R-curve can be determined.
This means that data from simple residual-
strength tests run many years ago can now
be used to predict the failure loads of more
complicated structures like reinforced
panels or cracked holes of the same mate-
rial and thickness. Such data may be found
in the literature or may exist in company
files.

The R-curve is developed from an anal-
ysis of the point at which the crack growth

becomes unstable (see figure). First, at a
given point on the residual-strength curve,
afunction that represents the square of the
fracture stress, o and its derivative, are
computed and substltuted into an equation
that must be solved (usually numerically)
for the critical crack extension, A .. Then A,
and o are used to calculate the fracture
toughness G,. The pair (G, 4,) define a
point on the Rcurve The process is re-
peated to obtain additional points on the R-
curve.

The new R-curve-estimation method
has been tested in three applications:
1. Several semiempirical fracture analyses

have been shown to be equivalent to

particular R-curve formuilations.

2. R-curves were estimated to a useful de-
gree from published residual-strength
data for a variety of specimen configura-
tions.

3. The method was used successfully in an
ASTM blind round-robin program.

This work was done by Thomas W.
Orange of Lewis Research Center. Fur-
ther information may be found in NASA
TM-87182 [N86-18750/NSP], “Estimating
the R-Curve from Residual Strength Data.”

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-14592

Compliant Robot Wrist Senses Deflections and Forces
Precise parts can be assembled without damage.

Goddard Space Flight Center, Greenbe/t Mary/and

The Goddard Space Flight Center has
developed a compliant wrist that will move
in any direction and rotate about any axis in
response to applied forces. Its deflection is
calibrated and instrumented so that a con-
trol computer can measure the degree of
deflection and derive the magnitude and
direction of the applied forces and torques.

Such a compliant wrist brings to robots
important capabilities that humans use in
manipulating objects. The compliance
helps prevent damage to precise, delicate
parts during assembly by the robot. A
knowledge of the degree of compliance
allows the control computer to alter the
robot's position to compensate for compli-
ance-induced positioning deviations. The
measure of the contact forces allows the
system to perform a series of moves, using
a force-sensing-search strategy, to deter-
mine and correct certain kinds of misalign-
ments between parts being mated or de-
mated.

Tests with the compliant wrist mounted
on a computer-controlled manipulator
have shown that certain parts with clear-
ances on the order of 0.001 in. (0.025 mm)
can be mated with force feedback when
the initial errors in relative position are on
the order of 0.25 in. (6 mm). Besides per-
mitting error correction, the force/torque-
sensing-control software can prevent
damage to components and determine the
success or failure in carrying out a speci-
fied operation.

As shown in the two figures, the compli-
ant-wrist assembly consists of six identical
rods that connect two plates. Each rod is
essentially a spring-loaded piston. One
plate, which serves as the base plate, is
rigidly attached to the end of a robot arm
and is connected to the rods through uni-
versal joints. The other or “compliant”
plate is rigidly attached, usually by a grip-
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Figure 1. A Parallel-Jaw érlpper is mounted on the compliant ple{te of the compliant-wrist as-

sembly.

per, to the object being manipulated and is
connected to the other ends of the rods by

spherical bearings. The “compliant” plate
can move relatively to the robot arm in re-
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sponse to any applied force or torque be-
cause the springs in the connecting rods
will give, causing changes in the lengths of
the rods. A linear displacement transducer
measures the change in piston length. The
force acting on the rods can be deduced
from piston travel if the spring constant is
known. It is also possible to use strain
gauges to measure the axial forces direct-
ly.

The outputs of the transducers are fed
to a control computer through a digital-to-
analog converter. The computer calcu-
lates actual lengths of the rods from these
data and uses them to find the position and
orientation of the “complaint” plate with
respect to the base plate. Since the spring
forces act along the rods, their directions
are known. From these data the computer
finds the vector sums of forces and torques
exerted on the “complaint” plate by the
rods. Given that the orientation and spatial
distribution of the mass of the “complaint”
plate and its associated hardware are
known, the gravitational components of
the forces and torques can be subtracted
to yield only the contact forces and
torques. If the wrist were to be used in
space, this correction for the gravitational
field would not be needed.

In the prototype version, the wrist mech-
anism can exert a force of about 50 Ib (220
N) in any direction and can deflect about
0.375 in. (9.5 mm). The rod lengths, spring
stiffnesses, and type of displacement sen-
sor can be changed to suit different ap-
plications.

This work was done by Lloyd R. Purves,
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Frankiin Strempek, and Timothy Premack
of Goddard Space Flight Center. For fur-

Plug Would Collimate X Rays

A simple device would create a narrow, well-defined beam for
radiographic measurements of thickness.

Marshall Space Flight Center, Alabama

A proposed cylindrical plug would col-
limate and align x rays with respect to
through holes in parts. The plug would help
in the determination of wall thickness by
radiography.

The plug would contain an axial hole
through which the x rays pass from a
source through the part (see figure). Com-
posed of lead with lead/vinyl seals at both
ends, the plug would be inserted in the
through hole. Rays that deviate from the
axial direction of the hole 0.050 in. (1.27
mm) in diameter, would be stopped by the
lead. The small diameter of the hole would
constrict the x-ray beam. Thus, the x rays

emerging from the hole would form a
sharply defined beam of round cross sec-
tion, even if the x-ray source is slightly mis-
aligned.

This work was done by Jeffrey E. Anders
and James F. Adams of Rockwell Interna-
tional Corp. for Marshall Space Flight
Center. No further documentation is avail-
able.

MFS-29343

Lead Would Absorb X Rays that do not
pass axially through the central hole. Lead/
vinyl seals would prevent off-axis rays from
passing along the periphery of the plug.
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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.

Study of Flow About
a Helicopter Rotor

A noninvasive instrument
verifies a computer program
that predicts velocities.

Laser velocimeter measurements con-
firm predictions of the transonic flow field
around the tip of a helicopter-rotor blade,
according toa report. The report discusses
the measurements, which yielded high-
resolution orthogonal velocity components
of the flow field at rotor-tip Mach numbers
from 0.85 t0 0.95, and the use of the meas-
urements in verifying the ability of the com-
puter program ROT22 to predict the tran-
sonic flow field, including the occurrences,
strengths, and locations of shock waves
that cause high drag and noise.

A fringe-mode, forward-scatter laser
velocimeter system using the 4,880- and
5145-A lines of an argon ion laser was
designed for the measurements. Because
the velocimeter looks along the rotor blade
toward the hub as the tip of the blade
sweeps by, one spectral line canbe used to
measure the induced chordwise compo-
nent of velocity, while the other is used to
measure the induced vertical component
of velocity. The transmitting and receiving
optics could also be moved along the walls
of the test chamber to obtaina view along a
line perpendicular to the edge of the ap-
proaching or retreating blade so that the
radial and vertical components of the in-
duced velocity could be determined.

The ROT22 code calculates the flow
about a lifting rotor blade in forward flight.
Although the full-potential equation is
solved, the formulation is quasi-steady in
that the derivatives of the perturbation
potentials with respect to time are neglect-
ed to speed up the computation greatly.
However, regardless of the simplifying ap-
proximation, the computation is exact for
the hovering flight simulated in the experi-
ments. With the code, the flow field over
the entire blade was calculated for the tip
Mach numbers of the experiment.

The angle of incidence in the tip region
was small and had little effect on the flow
beyond the tip. Therefore the good agree-
ment between the calculated and meas-
ured velocities indicates that the ROT22
code can be used with confidence to pre-
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dict the important flow field in the tip region.

This work was done by Michael E.
Tauber of Ames Research Center and F.
Kevin Owen of Complere, Inc. Further in-
formation may be found in Paper 85-1558
of AIAA 18th Fluid Dynamics and Plasma-
dynamics and Lasers Conference.

Copies may be purchased [prepayment
required] from AIAA Technical Information
Service Library, 555 West 57th Street, New
York, New York 10019, Telephone No.
(212) 247-6500.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-

dressed to the Patent Counsel, Ames
Research Center [see page 18]. Refer to
ARC-11790.

Vibration-Testing Facility
for Aircraft

Equipment, methods, and
experience are described.

A report describes equipment and tech-
niques used in the vibration testing of air-
craft on theground at the Dryden Flight Re-
search Facility. It includes discussions of
the role of ground vibration testing in the
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connections with tube ends, fewer entrapment zones, lower
pump down time. In addmon the user gains great flexibility
because the manifold system permits a variety of combinations
of manual, pneumatic or toggle operated bellows valves.

See you at booth #2921 at the Pittsburgh Conference



qualification of new and modified aircraft
for flight and of the experience gained from
various applications.

Ground vibration tests are performed to
identify structural vibrational modes and
the associated natural frequencies and
dampings. Data from such tests are corre-
lated with the predictions of finite-element
mathematical models of the aircraft dy-
namics. Data from ground vibration tests
performed before and after modifications
of research vehicles can be compared to
assess the significance of those modifica-
tions. Vibration-test data can also help to
resolve anomalies observed in flight.

NASA Tech Briefs, February 1989

A ground vibration test may involve a
complete airplane mounted on soft sup-
ports like air bags to permit free vibrations,
a complete airplane resting on its landing
gear, specific parts on a complete airplane,
or single components of an airplane tested
in isolation. A test is conducted by the sine-
dwell excitation method, the single- or mul-
tiple-input random-excitation method, or
the impact-excitation method; some equip-
ment is unique to each method, while
some is common to all. For example, elec-
trodynamic shakers with force ratings of
10, 50, and 150 Ib (45, 222, and 667 N, re-
spectively) are used in all methods except

Circle Reader Action No. 558

impact excitation.

In the sine-dwell method, two or more
shakers excite the vibrations in the air-
plane as the frequency is swept through
the range of interest. The vibrational re-
sponse as a function of frequency is meas-
ured by accelerometers at several loca-
tions. After the initial frequency sweeps,
each vibrational mode of interest is ana-
lyzed in detail by measurement of coinci-
dent and quadrature components of force
and acceleration. Once a mode is thus
finely tuned, a modal survey is performed
by roving accelerometers.

In the random-excitation method, the
shakers are driven by a random forcing
function of bandwidth and amplitude speci-
fied by the user. Vibrational-response data
from accelerometers are processed by a
structural-analysis minicomputer system
to obtain transfer and coherence functions
with sufficient bandwidth to include the
vibrational modes of interest. Once data
are acquired for the entire airplane, modal
parameters are found from calculations in
the time domain.

The impact-excitation method is used
primarily to test components. The speci-
men is struck by an instrumented hammer.
The decaying vibrational-response signal
is multiplied by an exponential window
function to reduce leakage. The data are
analyzed in the same manner as in the ran-
dom-excitation method.

Each combination of equipment and
technique has its advantages and disad-
vantages, and none is relied upon solely for
all testing. Examples of tests that have
been performed include the following:

* Sine-dwell tests of the highly maneuver-
able aircraft technology (HIMAT) airplane,

* Sine-dwell tests of the flaperon system of
the X-29A forward-swept-wing airplane,

* Sine-dwell and random tests of the Jet Star
laminar-flow-control airplane,

* Impact tests of a landing-gear door of the
rotor systems research aircraft (RSRA),
and

* Impact tests of an aileron of the F-15 su-
personic airplane.

This work was done by Michael W.
Kehoe of Ames Research Center. Fur-
ther information may be found in NASA
TM-88272 [N87-27655/NSP], “Aircraft
Ground Vibration Testing at NASA Ames-
Dryden Flight Research Facility.”

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-12141.
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Fiber-Optic Sensor Would Detect Movements of Shaft

Magnetic inserts are not required.

Marshall Space Flight Center, Alabama

A proposed fiber-optic sensor would
sense both the rotational speed and the ax-
ial displacement of the shaft in a motor,
pump, or other rotating machine. Unlike
magnetic proximity sensors, this sensor
does not require magnetic materials, notch-
es, or grooves in the shaft. The only re-
quired modification of the shaft is etching
or plating the surface (for example, with a
black, microscopically rough coat of chro-
mium) to make a ring that is black around
half its circumference and reflective
around the other half along a short length
at one end or some other convenient loca-
tion.

The fiber-optic sensor would include a
bundle containing both light-sending and
light-receiving fibers. At the probe end, the
bundle would be formed into a triangular
cross section, throughout which the send-
ing and receiving fibers would be mixed
evenly. The probe would be placed near
the shaft, aimed perpendicularly to the axis
of rotation, and positioned axially so that
part of the black/reflective ring comes with-
in the triangular field of illumination and
view of the sensor (see figure).

With this arrangement, the amount of
light returned from the probe and, there-
fore, the output signal of the sensor would
vary with time as the black and reflective
parts of the ring rotate past the probe. The
rotational speed would thus equal the fun-
damental frequency of the probe-output
pulses. Because the fraction of the triangle
crossed by the black and reflective areas
would vary with the axial position of the
shaft, the amount of light and, therefore,
the amplitude of the pulses would vary pro-
portionally. Thus, the amplitude of the
pulses could be used to infer the axial posi-
tion of the shaft during operation.

This work was done by Edmund J.
Roschak of Rockwell International Corp.
for Marshall Space Flight Center. No fur-
ther documentation is available.
MFS-29382
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A Triangular Bundle of Sending and Receiving Optical Fibers would be aimed at a black/re-
flective ring on a shaft. The frequency and the amplitude of the output pulses of the fiber-op-
tic probe would indicate the rotational frequency and the axial position of the shaft, respec-
tively.
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Tethered Remote Manipulator
Potential advantages include safety and long reach.

Marshall Space Flight Center, Alabama

A remote-manipulator concept proposed
for the retrieval or inspection of objects in
outer space could also be applied under-
water or in tanks of hazardous chemicals.
Called a “self-propelled line tether” or
“space snake" by its inventor, the manipu-
lator is intended for use in places beyond
the reach of a jointed rigid-arm manipula-
tor and where it is unsafe or impractical to
send humans.

The system would include a tether head
on the outer end of a tether cable wound on
a motor-driven takeup reel. The head would
include a mounting plate with four canted
thrustors (i.e., nozzles) facing rearward, a
solid-state camera with patterned sources
of light facing forward, and a pneumatic in-
flatable end effector. The head could also
include a device to cut the head loose in an
emergency.

The tether cable would consist of a tubu-
lar outer section that encloses wires carry-
ing power, control signals, camera signals,
and the like between the tether head and
the operator’s control station. A video dis-
play at the control station would show the

operator what the camera “sees.” With
this display as a guide, the operator would
use a three-degree-of-freedom joystick to
control the orientation and direction of for-
ward motion of the head. This control ac-
tion would produce the desired pitching,
turning, or forward motions by selectively
firing various combinations of the four
thrustors.

The operator would use the reflected
patterns from the sources of light as seen
by the camera to maneuver the head into
the final position to inspect or grasp the ob-
ject. To grasp the object, the operator
would inflate the remote manipulator. The
object would then be retrieved by winding
the cable onto the takeup reel. So that the
operator could continue to control the mo-
tion of the head during retraction of the
cable, the maximum takeup force of the
reel would be less than the resultant thrust
of the four thrustors.

The concept could be modified in any
number of ways to suit specific situations.
For example, the underwater version would
be made neutrally buoyant and would be

propelled by pressurized water instead of
pressurized gas. The pressurized gas or
pressurized water in the outer-space or un-
derwater version, respectively, could be
transported from the reel station to the
head by a hose inside or alongside the teth-
er cable. Alternatively, water could be pres-
surized by an electrically powered pump in
the head of the underwater version, and
the supply of gas could be mounted in the
head of an outer-space version intended
for brief use. Other options might include
sensors to measure angles, forces, accel-
erations, positions, and distances; latches
instead of or in addition to the powered re-
mote manipulator; and additional thrustors
for rolling and lateral translation.

This work was done by Thomas C. Bryan
of 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-28305.

NASA has big plans for the Hubble
Space Telescope. To be sure it's
pointed in the right direction, BEI's
Ultra-Loc precision drive system feat-
uring LED-equipped motor-encoders
will provide guide-star positioning data.

These small light weight beryllium

motor-encoders are totally integrated,
including motor commutation and
feature resolution and accuracy to 21
bits. When you think about it, details
don’t get much smaller than that.
Our procedures are in compliance
with NHB-5300.4 (1B), MIL-Q-9858A,

Sometimes,
the biggest
plans rely on
he smallest
details.

and high reliability MIL-STD-785
specifications.

If you have some big plans, perhaps
we can help in some small way. We
would like to hear from you . ...
For more information, contact Paul
Barlock at (501) 851-4000.

BEI MOTION SYSTEMS COMPANY
@ Digital Products Division

NASA Tech Briefs, February 1989

Industrial Park « 1100 Murphy Drive « Maumelle, AR 72118 « (501) 851-4000 « FAX: 501-851-5476

Circle Reader Action No. 327 81



Two-Thumbed Robot Hand

A middle finger and two thumbs would grasp and sense the shapes of a variety of objects.

NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed robot hand would include
thumblike members on its left and right
sides and a fingerlike member at its middle.
This configuration of digits would enable
the hand to adapt to variously shaped ob-
jects, to grasp them robustly and reliably,
and to manipulate them. It would also re-
duce the complexity of the control mecha-
nisms and provide kinesthetic perception
of the shapes of grasped objects.

Each thumb would have three rotational
axes at its base joints and one rotational
axis at each of its two other joints (see
figure). The middle finger would have two
rotational axes at its base joints and one
rotational axis at each of its two other
joints.

A dc-motor-and-gear assembly would
rotate the thumb about the z-axis base joint
to switch the whole thumb between up-
ward-facing and downward-facing posi-
tions (this motion would not be provided for
the middle finger). Another dc-motor-and-
gear assembly would rotate the thumb or
the center finger about the x-axis base
joint, enabling adjustment of the yaw angle

Joints

Middle
Finger

The Mechanical Hand with two thumbs and a middle finger could be made from commercial-
ly available components. With specially designed dc motors and assemblies of gears, the
size of the hand could be reduced considerably.

The next scheduled stop for the

PITTSBURGH CONFERENCE

is [ Atlanta, Georgia!

&

March 6-10, 1989

The Pittsburgh Conference, 12 Federal Drive, Suite 322, Pittsburgh, PA 15235 U.S.A. 412-795-7110
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of the thumb or finger. A dc-motor-and-
tendon connection would rotate a thumb
or the middle finger about the y-axis base
and other joints to control pitch angles and
bending. Overall, the hand would have 14
joints controlled by eight motors: three
motors for the yaw angles of the three
members, two for the roll angles of the two
thumbs, and three for bending the three
members.

In a limited sense, the new hand could
be considered anthropomorphic. It could
be configured as part of a simulated hu-
man right or left hand or as overlapping
parts of left and right hands. It could per-
form a wide range of grasping and manipu-

lating motions. Moreover, the two thumbs
would give the hand a mechanical symme-
try and balance well suited to handling ob-
jects in industrial tasks.

This work was done by Sukhan Lee of
the University of Southern California for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 96 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-17274.

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.

Injected Water Augments
Cooling in Turboshaft
Engine

Additional cooling enables
operation at higher
than usual power.

A report describes experiments in
which water was injected into the com-
pressor-bleed cooling air of an aircraft tur-
boshaft engine. The injection of water had
previously been suggested as a way to pro-
vide the additional cooling needed to sus-
tain operation at power levels higher than
usual. Such operation involves turbine-inlet
temperatures high enough to shorten the
lives of the first-stage high-pressure turbine
blades. The latent heat of vaporization of
the injected water serves as an additional
heat sink to maintain the blades at their
design operating temperatures during high-
power operation.

The engine was modified by addition of
the water-injecting apparatus to the cool-
ing-air accelerator, and the usual comple-
ment of instrumentation was retained.
Additional instrumentation was installed to
measure the pressures of the cooling air
upstream and downstream of the cooling-
air accelerator. Thermocouples were add-
ed to measure the temperatures of the in-
flowing water and of the steam/air mixture
upstream and downstream of the acceler-
ator. An optical pyrometer measured the
températures of the leading edges of the
first-stage turbine blades.

By itself, the injection of water both low-
ered the temperatures of the blades and
caused the engine to run slower. This result
was anticipated because the cooling air
becomes denser as water is added; and as

NASA Tech Briefs, February 1989

more compressor air is diverted for cool-
ing, less is available to drive the turbine.
Furthermore, the cooling shortens the tur-
bine blades by thermal contraction, caus-
ing an increase in the clearance of the tips
of the blades and a conseguent decrease
in efficiency.

In another test, the cooling water was
turned on and the flow of fuel then in-
creased until the engine reached the nor-
mal operating speed for dry cooling. In this
condition, the temperature at the leading
edges of the blades was near the normal
value, but the output power was higher
than it was without water. The increase in
power was about 3.5 percent for a water/
cooling-air flow ratio of 6 to 7 percent, and
the corresponding increase in the inlet
temperature was 60 °F (33 °C).

The injection of water at flow ratios
beyond 7 percent did not provide an addi-
tional decrease in the temperature of the
leading edges of the blades, apparently on
account of peculiarities of the apparatus.
Concern for other unprotected compo-
nents in the hot section of the engine pro-
hibited tests at higher powers. However,
projections from design studies and the
tests thus far indicate that if these limita-
tions can be overcome and the inlet tem-
perature raised by 300 °F (167 °C), then the
power could be increased by 17 percent
without affecting the normal blade temper-
ature.

This work was done by Thomas J.
Biesiadny of Lewis Research Center and
Brett Berger, Gary A. Klann and David A.
Clark of the U.S. Army Aviation Research
and Technology Activity. Further informa-
tion may be found in NASA TM-89817[N87-
20280], “Contingency Power for Small Tur-
boshaft Engines Using Water Injection into
Turbine Cooling Air.”

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

Vi

Parallax would be incorporated into the optical system.

Marshall Space Flight Center, Alabama

A proposed optical system for a coaxial-
viewing welding torch would enable the
perception or measurement of depth —
that is, of position along the axis of the
torch. At present, such optical systems
give only two-dimensional views of the

welding areas: operators must rely on Beam
shadows or changes in focus to infer dif- Viewing Splitter
Optics 2

ferences in depth.

In the proposed system, light from the
welding area would be passed through a
beam splitter into two optical trains to form
two images, each being the view along a
line that makes a small angle with the axis
of the torch (see figure). The two lines of
sight would intersect at the weld pool. The
parallax between the two views would pro-
vide the sensation of depth over the entire
field of view.

Information on depth could be used to
evaluate the height of the surface of the
seam (to detect mismatches, burrs, and
the heights of flanged joints), the convexity
or concavity of the weld bead (which re-
lates to the penetration of the weld and the
rate of deposition of filler metal), and oscil-
lations of the weld pool (which relate to
penetration). The information on depth is
also useful for determining the angle of en-
try of the filler wire with respect to the sur-
face of the workpiece and the distance of

the torch from the workpiece. The two im-
ages might be processed electronically to

extract and/or interpret the data on depth.

This work was done by Stephen S.
Gordon of Rockwell International Corp. for
Marshall Space Flight Center. No fur-
ther documentation is available.
MFS-29373

Welding _—1
Electrode

Weld Pool

The Parallax Between Two Sets of Viewing Optics would provide information on depthin the

field of view.

Improved Method for Making Infrared Imagers

Properties of a thin dielectric layer are adjusted precisely.

Goddard Space Flight Center, Greenbelt, Maryland

A deposition technigue has been found
to improve the fabrication of infrared
imaging devices. The technique is applied
to a dielectric layer of SiO and SiO, (see
figure), which is critical to the operation of a
device. For an imager to work properly,
thickness of the dielectric layer has to be
adjusted precisely in coordination with its
absorption coefficient and the wavelength
of the light to be imaged.

The absorption coefficient and index of
refraction are adjusted by altering the com-
position, SiO,. The dielectrics used previ-

86

ously — electron-beam-evaporated SiO,
or chemical-vapor-deposited SiO, — pro-
duce satisfactory layers but have several
disadvantages. The stoichiometry of the
SiO, (and, therefore, the index of refraction
and the absorption coefficient) are variable
and difficult to control in the electron-beam
process. Chemical-vapor deposition pro-

The New Deposition Process enables the ad-
justment of the thickness and index of re-
fraction of the critical dielectric layer to
within +1 percent.

Al Mirror
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Metal (Pd, Pt, or Zn)
Silicide
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duces a dielectric layer of controllable in-
dex of refraction, but the high temperature
of this process degrades the underlying
metal silicide layer during the 30 minutes
needed to deposit the dielectric layer. Fur-
thermore, chemical-vapor deposition nec-
essitates the use of a cumbersome lift-off
technique during subsequent processing.

In the new technique, a suitable SiO,
dielectric is deposited at room tempera-

ture by a magnetically-enhanced glow dis-
charge, using silane and nitrous oxide as
precursors. This technique enables the
control of the thickness and the index of re-
fraction of the dielectric to within +1 per-
cent; in comparison, the previous tech-
niques yielded + 10-percent variations.
The SiO, deposited by the new tech-
nique can be wet-etched, and therefore the
lift-off step can be eliminated. The net re-

sult is higher yield and lower cost, without
sacrifice of the performance of the im-
agers.

This work was done by G. Kaganowicz,
A. G. Moldovan, and J. W. Robinson of
David Sarnoff Research Center, for God-
dard Space Flight Center. No further
documentation is available.
GSC-13135

Canning of Powdered Metal for Hot Isostatic Pressing

The quality of the specimen is enhanced by an improved canning process.

Lewis Research Center,
Cleveland, Ohio

An improved method has been devel-
oped for canning specimens for hot iso-
static pressing. The specimen is placed in-
side a refractory-metal ring, which is then
sandwiched between two refractory-metal
face sheets. This assembly is placed inside
a die, which is then positioned in a vacuum
hot press. The specimen is heated to a set
temperature at a prescribed vacuum to
burn off all of the binder in the specimen.

After burning off of the binder, the tem-
perature of the specimen is raised to a
higher set temperature. A prescribed press-
ing load is then applied to the specimen to

deform the refractory-metal ring, to bring
about a solid-state-diffusion weld between
the ring and face sheets, and to densify
partially the composite specimen. The size
and shape of the specimen are now locked
in place, and a perfectly-fitted hot-isostatic-
pressing can, sealed at high temperature
and high vacuum, has now been formed.
The specimen can now be densified com-
pletely by hot isostatic pressing.

This procedure offers several advan-
tages over the prior art. The powder-metal-
lurgy composite is totally purged of the
binder sealed in the can in a single opera-
tion. This procedure prevents outgassing
during hot isostatic pressing, which out-
gassing could cause incomplete densifi-
cation, interstitial contamination, and em-

brittlement of the specimen. The perfectly
fitting can maintains the size, shape, and
uniformity of the specimen and, thereby,
prevents warpage of the specimen caused
by uneven stresses. Finally, because it is
not necessary to electron-beam weld the
can, the material in the weld region does
not recrystallize, and there is little possibili-
ty of cracking.

This work was done by John J. Juhas of
Lewis Research Center. No further docu-
mentation is available.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Lewis
Research Center [see page 18]. Refer to
LEW-14719.

TEAC ANNOUNCES

ASMALL IMPROVEMENT

IN DATA RECORDERS

Introducing the world’s smallest digital audio tape instru-
mentation recorders. The TEAC RD-100T and RD-110T.

Now the economy and quality signal of DAT recording is
available in a single, compact, portable data recorder.
A/C-D/C power makes our data recorders ideal for field use.

DAT tape cassettes provide up to two hours of continuous
recording time, with a full-range frequency response of
DC-20kHz. And, with digital recording, the tape speed

remains constant at all frequencies.

©1988
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In addition, the signal-to-noise ratio of DAT recording is
unsurpassed. The RD-100T is switchable from 2 to 4-channel
recording, while the RD-110T provides 8 channels of recording,
plus one memo/voice channel. With TEAC portable DAT
recorders, the future of data recording is well in hand.

For the most complete line of data recorders available, call us
at (213) 726-0303, or call your local TEAC rep.

TEAC Corporation of America, 7733 Telegraph

Road, Montebello, CA 90640.

Instrumentation and Computer
Products Division
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Plating Patches on Heat-Exchanger Jackets

Permanent repairs are made without welding.

Marshall Space Flight Center, Alabama

A technique used to repair the nickel-
alloy nozzle jacket of the Space Shuttle
main engine (SSME) should also be appli-
cable to other metal heat-exchanger jack-
ets that have similar configurations. The
technique does not require welding, braz-
ing, soldering, or other operations that in-
volve high temperatures and consequent
damage to surrounding areas.

The portion of the jacket around a
damaged area is removed by grinding and
polishing out to edges adjacent to tube/
jacket braze bonds (see figure). The
spaces between tubes are filled with wax
to prevent contamination of those spaces
during subseqguent plating.

A shim having the same thickness as
that of the jacket [a nickel alloy 0.10in.
(0.25 mm) thick in the case of the SSME] is
cut to replace the removed jacket material.
After the shim is put in place, the shim and
the adjacent area are plated (with nickel in
the case of the SSME) to the required thick-
ness [0.035 in. (0.89 mm)in the case of the
SSME] at the center of the patch, tapering
to 0.002 in. (0.05 mm) at the edge of the
patch. The wax is then removed.

The maximum thickness of the plating in
a particular case has to be determined by
structural analysis to be sufficient to pre-
vent the patch from buckling. The taper
helps to maintain a smooth transition of
stresses from the patch to the rest of the
jacket. The edge of the patch is formed into
a wave pattern to contribute further to a

Dents and Rupture
in Jacket

~
Heat-Exchanger Tubes
DAMAGED PORTION OF JACKET AND ADJACENT TUBES

Tube-to-Jacket
Braze Joints

Interstices Filled
With Wax

DAMAGED PORTION REPLACED WITH SHIM

Plated Metal
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COMPLETED

Metal Is Plated over a shim that replaces the damaged portion of the jacket.

smooth transition of stresses.

This work was done by Henry Loureiro
and Frank Kubik of Rockwell International
Corp. for Marshall Space Flight Center.
For further information, Circle 1 on the TSP
Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 18].Refer to
MFS-29345.

Bendable Extension for Abrasive-Jet Cleaning
Hard-to-reach places can be cleaned more easily.

Marshall Space Flight Center, Alabama

An extension for an abrasive-jet ap-
paratus can be bent to provide controlled
abrasive cleaning of walls in deep cavities
or other hard-to-reach places. Designed
for the controlled removal of penetrant in-
spection dyes from inside castings, the ex-
tension tube can also be used for such
general grit-blasting work as the removal
of scratches.

A bendable tube (see figure) is installed
over a 3/16-in. (4.8-mm) diameter, neo-
prene extension hose that is part of a com-
mercial abrasive-jet apparatus. Glass
beads are pushed through the hose by a
blast of air at a pressure of 80 psi (0.55
MPa). A standard carbide abrasive-jet noz-
zle with an inner diameter of 0.040 in.
(1.0 mm) is installed in the hose at its out-
er end.

88

A Bendable Copper Tube supports a commercial abrasive-jet extension hose. The abrasive
jet was used to refinish the surface around the scribe line on the left side of the plate.
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The tube, which is made of copper, has
a Y-in. (6.4-mm) outside diameter and is
cut to the desired length. A Y2-in. (12.7-mm)
wide and 2-in. (51-mm) long, hexagonal
brass handle is mounted on the tube with
two setscrews. The hose is slipped through

the tube until the nozzle protrudes at the
outer end; then the tube is bent to the de-
sired shape.

This work was done by Walter Mayer of
Rockwell International Corp. for Marshall
Space Flight Center. No further docu-

mentation is available.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 18]. Refer to
MFS-29298.

Making and Inspecting Large Wire Grids

Old techniques are refined and combined to make new polarizers.

Goddard Space Flight Center, Greenbelt, Maryland

Equipment and procedures have been
developed for the fabrication and inspec-
tion of large, precisely-spaced, flat grids of
wire. Such grids are useful primarily as po-
larizers and beam splitters for electromag-
netic radiation in the overlapping ranges of
long infrared and microwaves. The new
manufacturing technology includes refine-
ments and combinations of established
techniques for winding grids of electron
tubes and ruling optical gratings and in-
corporates recent developments in elec-
tronic control and laser/electronic-based
metrology.

The manufacturing equipment and proc-
ess are illustrated in the figure. A wire grid
is wound on one-half of a frame of Invar 36
(or equivalent) low-thermal-expansion alloy
machined and ground by optical tech-
niques to a flatness of 2 um. The frame is
mounted with steel bearing rods at oppo-
site ends and aligned on an aluminum
platen so that the wires will wrap in the
proper direction. The platen is mounted in
a modified milling machine, which turns
the platen at 4 r/min to wrap the wire. The
wire (typically gold-coated tungsten 20 um
in diameter) is released onto the rotating
frame through a constant-tension active
despooling system and a glass wire guide.

The despooler and guide are mounted
on a motor-driven cathetometer that can
travel as much as 25 cm with minimal
twist. The position of the cathetometer is
measured by a laser ranging interferome-
ter operating in conjuction with a desktop
computer. During the portion of each revo-
lution of the platen when the frame faces
away from the wire guide, the computer
commands the cathetometer to translate
the despooler and wire guide one grid in-
terval (typically 53 um) along the edge of
the frame.

When the cathetometer has stepped
along the entire length of the frame and the
entire aperture is wrapped with the wire
grid, epoxy is dropped into a groove in the
frame to affix the wires. When this epoxy
has cured, more epoxy is applied to the
portion of the frame outside the groove,
and the other half of the frame is clamped
on, aligned with dowels. After curing of the
epoxy, the portion of the wire protruding
from the frame is cut away, and the com-
pleted frame and grid are removed from
the platen.

The flatness of the grid and the spacing
of the wires are measured with equipment
similar to that used to wrap the wires.
(Some of the same equipment can be used

v

h

for wrapping and measurement.) For the
measurement of flatness, the grid is mount-
ed on a two-axis translation stage on which
the y-axis is monitored by the laser ranging
interferometer with a straightness-measur-
ing adapter. The grid is translated along the
x-axis in front of a fixed microscope with a
depth of focus of ~1 um. At each inspec-
tion point, the y-axis translation is adjusted
for best focus, and the interferometer
reading is sent to the computer. The devia-
tion of the resulting computer-generated
plot of y vs. x from a straight line gives a
measure of the deviation from flatness.

For the measurement of spacing, the
x-axis is monitored by the laser ranging in-
terferometer, and the microscope images
the wires on a photodetector, the output of
which is sampled by an analog-to-digital
converter and transmitted to the computer.
The computer locates the edges of the
wires by looking for signals above and be-
low a threshold value and uses the loca-
tions of the edges to compute the distan-
ces between the wires.

This work was done by Thomas J.
Magner, Richard D. Barney, William L.
Eichhorn, and Henry P. Sampler of God-
dard Space Flight Center. For further in-
formation, Circle 137 on the TSP Request
Card.

GSC-13117
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Compression of Data in Imaging Radar Polarimetry
The number of data is reduced by a factor of 12.8.

NASA's Jet Propulsion Laboratory, Pasadena, California

Algorithms have been developed to
reduce the number of radar polarimetric
data that must be processed to synthesize
an image of an arbitrary combination of
transmitting and receiving polarizations.
Such techniques for the compression of
data are needed because a typical syn-
thetic-aperture-radar polarimetric image
contains 4,194,304 one-look picture ele-
ments (4,096 in azimuth by 1,024 in range)
and requires about 128 megabytes of stor-
age capacity. The algorithms bring the
image-processing requirements within the
computing capabilities of typical users,
without degrading the images excessively.

One of the algorithms is based on the
scattering matrix, which is a 2-by-2 matrix
of complex numbers that specify the ampli-
tude and phase relationships among the
horizontally- and vertically-polarized trans-
mitted (or incident) and received (or back-
scattered) radar signals. The other algo-
rithm is based on the phase matrix, a 4-by-4
matrix of real numbers that specifies the
relationship between the transmitted and
received Stokes vectors. The Stokes vec-
tor G is a four-dimensional vector defined
by
G,=af+a G, = a}-a%G, =

2a,a,cos(d), G; = 2a,a,sin(d)
where a,,and a  are the horizontal and ver-
tical amplitudes, respectively, and d is the
phase difference between them. Either
matrix can be used to construct an image
of any combination of polarizations, and
both matrices are equivalent as long as the
waves are fully polarized (G = G%+
G5+ G%). However, the Stokes-vector and
phase-matrix representation allows for a
diffuse (depolarized) component, the im-
portance of which can be measured by
G3-G2-G3-G3.

In the scattering-matrix approach to the
compression of data (see Figure 1), four
consecutive picture elements along the
azimuth direction are combined into one
by constructing an “average” scattering
matrix S;; from the scattering matrices A,
B;; Cy, and D;; of the four elements. The
amplitude of an element of the “average”
matrix is given by

90

|S,.11 = [A,-,A,-; +B;Bj+C;Cji+ D,,-D,.;]'/2
while the phase of the element is given by
Arg(S)) = Arg[A,,-A,;,7 +B;B,+

CiiChn+ D;Dpy
where the subscript h denotes horizontal
polarization, either of the subscripts / and j
can denote horizontal or vertical polariza-
tion, and the phase of S, is arbitrarily set at
zero. The calculation of the phase in this
method puts more weight on vectors of
large amplitude, which are presumably
less vulnerable to noise.

The information to be coded for the
"average’ picture element consists of four
amplitudes and can be stored in 8 bytes: 2
bytes for the maximum amplitude ex-
pressed as a mantissa and an exponent, 3
bytes for the remaining amplitudes, and 3
bytes for the phases. Thus, the data have
been reduced to 1,024-by-1,024 picture
elements of 8 bytes apiece, representing
an overall reduction by a factor of 16.

In the phase-matrix approach (see Fig-
ure 2), four consecutive picture elements
in the azimuth direction are combined into
one by simple addition of their phase ma-
trices: this is equivalent to four-look averag-

Scattering Scattering Scattering Scattering
Matrix A Matrix B Matrix C Matrix D
Y y

Reduced
> Set of
Data

Figure 1. In the Scattering-Matrix Approach to the reduction of image data, four adjacent
picture elements are combined into one by - ynthesizing a new scattering matrix from the

scattering matrices of the four elements.

Scattering
Matrix A

Scattering
Matrix B

Scattering
Matrix C

Scattering
Matrix D

Add the Four | Phase Matrices

Reduced
e Set of
Data

Figure 2. In the Phase-Matrix Approach, phase matrices are generated from the scattering
matrices of four adjacent picture elements, and the four phase matrices are added to com-

bine the four picture elements into one.
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THE HIGH-PERFORMANCE COMPUTATION
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» MATRIX COMPUTATION
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MATLAB is an interactive system for scientific and
engineering numeric computation. Problems and
solutions are expressed just as they are written
mathematically -- without traditional
programming. As a result, you can solve numerical
problems in a fraction of the time required to write
a program in Fortran, Basic, or C.

MATLAB has rapidly become an industry standard
for engineering and scientific research. Its unique
interactive interface, algorithmic foundation, easy
extensibility, and speed make MATLAB the
software system of choice for high productivity and
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ing. In this case, the complete phase ma-
trix of an “average” picture element can
be stored in 10 bytes, and the resulting im-
age of 1,024-by-1,024 elements can be
stored in 10-by-1,024-by-1,024 bytes, repre-
senting an overall reduction by a factor of
12.8.

The performances of the two approach-
es were measured in terms of the errors
between original polarization data from
representative terrain and the polarization
signatures synthesized from the reduced
sets of data. The scattering-matrix ap-
proach was found to yield errors approach-

ing 10 —2, while the phase-matrix approach
typically yielded errors less than 103,

This work was done by H. A. Zebker, D.
N. Held, J. J. Van Zyl, P. DuBois, and L.
Norikane of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 37 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-17184.

...the most versatile math software ever built

MACSYMA does for you what no other software can; it saves you
days or weeks of valuable time by automating your complex mathematical
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MACSYMA has greater depth than any other system.
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You can visualize results with 2-D and 3-D graphics. You can even mix MACSYMA
code with Fortran or ‘C’, and generate code to use in your existing programs.

Call for your copy of the MACSYMA Quick Reference Card, and see
how easily you can start automating symbolic and numerical mathematics with

a few simple commands.
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Paradigm for
Statistical Analysis of
Threshold Detection

Relative values are assigned
to double mistakes and
changed iteratively.

NASA'’s Jet Propulsion Laboratory,
Pasadena, California

A method for the statistical analysis of
threshold detection saves experimental
time by enabling the use of the same set of
measurements with respect to two thresh-
olds. The method accounts for double mis-
takes, which are unresolvable by the thresh-
old-detection technigue used heretofore.

The method is best explained by the ex-
ample of an x-ray reading test in which a
subject is asked to decide whether a spot
target is darker or larger than a reference
spot. Data are to be taken with the target
either darker or larger than (but never both
and never equal to) the reference spot. The
data are used to construct two receiver op-
erating characteristic (ROC) curves, one
for the detection of darkness differences
and one for the detection of size differ-
ences.

The problem is how to evaluate data
points at which the subject says “larger”
when the target is darker, or vice versa.
Does such a point represent a miss for the
darker case and/or a false positive for the
larger case, or vice versa? In the conven-
tional method, one avoids the problem by
taking two sets of data, one with the target
darker and one with the target larger.

In the new method, the two ROC curves
are constructed from the same set of data,
which includes both the darker and the
larger cases. Instead of attempting to dis-
tinguish between misses and false posi-
tives, one treats such double mistakes by
assigning a probability to each component
mistake, and the probabilities add up to 1.
Thus, both mistakes are weighted and
counted probabilistically, and, in effect, one
sidesteps the problem of double counting
of data points.

The weights are assigned relative to the
parameters of each double mistake, and
the ROC curves are computed iteratively.
Once the first ROC curve is computed, the
values of the independent variables (dark-
ness and size) are anchored from the
curve, and new weights are assigned to
the component mistakes, subject to the re-
quirement that they add up to 1. A new
ROC curve is computed, and so on until the
ROC curves converge.

This work was done by Daniel B. Diner
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
106 on the TSP Request Card.
NPO-17529
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93 Functional Microspheres

Functional Microspheres
Tiny beads develop from an aqueous solution.

vi

| N

NASA's Jet Propulsion Laboratory, Pasadena, California

A new process forms beads of polyglu-
taraldehyde directly from a solution. Thus
far, beads (“microspheres”) of 0.5-t0-1.0-
micron diameter with fluorescent or mag-
netic properties have been made. They are
useful in biology, clinical chemistry, and bi-
ochemistry since they readily attach to red
blood cells when combined with suitable
antibodies. The fluorescent or magnetic
properties allow such marked cells to be
traced and identified.

Previously, glutaraldehyde was poly-
merized in an aqueous solution. In the new
process, a surfactant is added to the aque-
ous solution, and microspheres are formed.
The diameters are uniform and controlla-
ble, depending on the glutaraldehyde con-
centration, the emulsifier concentration,
and the pH (see figure).

In this process, a solution of 5 percent
glutaraldehyde and 1 percent selected sur-
factant is polymerized in a mechanical
shaker for several hours at pH 11.0 and
room temperature. The beads thus formed

Tomake fluorescent microspheres, 1mg
of fluorescein isothiocyanate is reacted with
ethylene diamine. The product is added to
the solution in the shaker. For magnetic
microspheres, 2 percent ferrofluidic solu-
tion is added to the aqueous solution in the
shaker. The magnetic beads are separated
from the other reaction products by a mag-
net.

This work was done by Alan Rembaum
and Shlomo Margel of Caltech for NASA’s
Jet Propulsion Laboratory. For further in-
formation, Circle 79 on the TSP Request
Card.

Title to this invention, covered by U.S.
Patent No. 4,267,235, has been waived
under the provisions of the National Aero-
nautics and Space Act [42 U.S.C. 2457(f)]
Inquiries concerning licenses for its com-
mercial development should be addressed
to

Edward Ansell

Director of Patents and Licensing

Mail Stop 301-6
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A portable, battery-powered sound
intensity meter from Caldon Inc., Pitts-
burgh, PA, pinpoints sound sources
and measures sound levels, even in
the presence of background noise in
factories. Sound intensity can be
measured over the 50 Hz to 4 KHz
range and displayed continuously in
real time on an analog meter that
shows both magnitude and direction.
Called SIM 2000, the meter consists of
an electronic unit containing the
computing circuits and display, and a
probe with twin microphones and
preamplifiers. Applications include
quality control, trouble shooting, field
inspection, predictive maintenance,
and noise reduction.

Circle Reader Action Number 794.

A new software program from the
Electronic Signature Lock Corp., Fall
Creek, OR, improves the security of
computer systems and networks by
denying access to unauthorized
users—even when proper passwords
are entered. It assigns users electronic
signatures based upon their unique
keystroke dynamics and typing pat-
terns. Since patterns can vary with the
same user, the software employs a
statistical filtering routine for analyz-
ing patterns and determining the pro-
bability of proper identity. The
chances of the program granting
unauthorized access are less than one
in a million, according to the manu-
facturer, even when the unauthor-
ized person knows the correct code
or password. Compatible with all
popular operating systems, the pro-
gram runs on microcomputers, minis,
mainframes, LANs, and networks.

Circle Reader Action Number 792.

Togai InfraLogic’s new Fuzzy-C Com-
piler lets software developers apply
the benefits of artificial intelligence to
real-time “‘decision-based” commer-
cial applications such as imaging

systems. Developers can use the
compiler to integrate knowledge
bases directly into applications writ-
ten in C, or to create entirely new ap-
plications. The Fuzzy-C Compiler
features a knowledge representation
syntax that allows users to create
“fuzzy logic” production rules and
membership graphs, an inference
engine which can be configured for
specific solutions, and a debugger for
rapid rule development.

systems and stock trading expert

Circle Reader Action Number 784.
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A new benchtop furnace manufac-
tured by the J.M. Ney Company,
Bloomfield, CT, features a 2.2 cubic
meter heating chamber with adjust-
able air flow rates and automatic air
circulation. An integrally-mounted
programmable controller enables
programming of two ramp/heat rates,
temperature levels, and hold/soak
times. The Model 2-1350A furnace is
suited for ash determinations, heat
treating, thermal cycling, coal
analysis, and many other laboratory
test and quality control functions.

Circle Reader Action Number 788.

A quick and easy method of mechani-
cally splicing fiber optic cable has
been invented by PSI Telecom-
munications Inc., Burbank, CA. Com-
patible with any single or multi-mode
fiber, the Lightlinker™ Splice System
includes a patented glass alignment
guide that automatically aligns fiber
ends for consistent splice losses of less
than .1dB. Fiber end preparation is
achieved using a scribe and cleave
tool that prepares both fiber ends and
negates the need for end polishing.
The splicing procedure typically re-
quires seven minutes to complete, in-
cluding a five minute curing time.

Circle Reader Action Number 778.

Union Carbide’s Advanced Ceramics
Division has introduced a boron ni-
tride aerosol spray for such applica-
tions as high-temperature mold re-
lease, anti-corrosion coating, and
machinery lubrication. In addition,
the spray is effective as an anti-stick
agent for materials processed at high
temperatures. Composed of hexago-
nal crystals of boron nitride in a sol-
vent base, the coating exhibits a high
level of electrical resistivity and a low
coefficient of friction. Each 16-ounce
can provides about 100 square feet of
coverage.

Circle Reader Action Number 800.

Eastman Kodak Company scientists
have developed an ultra-high resolu-
tion electronic image sensor with four
million picture elements (pixels)—
more than double the resolving
power of current commercial sen-
sors. The pixels, each a tiny square
measuring 9x9 microns, sense im-
pinging light, which is converted in-
to electrons and processed by the
device to produce a video signal
representing the image. The new sen-
sor has a photoactive area five times
larger than Kodak's 1.4 megapixel
sensor, the world’s first million-pixel
image sensor, introduced in 1986.

Circle Reader Action Number 790.
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The BUG™ Voice Command System
from Command Corp. Inc., Norcross,
GA, enables CAD workstation users

to say commands instead of typing

them or using other manual input
methods. The BUG system performs
speech recognition continuously and
in real time. It features a starter lex-
icon of commands for popular CAD
software and includes a 25 MHz
microcomputer on an expansion card
that fits any 8- or 16-bit slot in an IBM
PC, AT, '286, or ‘386 compatible.

Circle Reader Action Number 786.
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A new check valve featuring an all-
welded design that ensures safe con-
tainment of system fluid has been in-
troduced by the NUPRO Company,
Willoughby, OH. The valve’s unique
bonded poppet construction enables
accurate, repeatable crack and reseal
performance. Cracking pressure is
nominally two psi or less and the
valve reseals without back pressure.
Made of stainless steel, the valve con-
tains no rubbing parts, lubricants, or
internal threads.

Circle Reader Action Number 798.
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Terfenol-D, a magnetostrictive alloy
offering high strain and energy densi-
ty, is now available from Edge Tech-
nologies Inc., Ames, IA. Useful as a
drive element for transducers and
actuators, the alloy features microse-
cond response time, with strains five
to ten times greater than exhibited by
piezoelectric ceramics, according to
the manufacturer. Terfenol-D comes
in a variety of shapes and sizes.

Circle Reader Action Number 796.

BEECO Inc., Indianapolis, IN, has in-
troduced the FG-B100, a single-
board frame grabber that adds real-
time acquisition and display capabili-
ties to IBM PC/XT/AT and compatible
computers. The FG-B100 instantly di-
gitizes, stores, and accesses images
while providing continuous display of
image memory. Applications include
image archiving, thermal imaging,
surveillance, and x-ray inspection.
The frame grabber retails for $895, in-
cluding manual and demolutility
software.

Circle Reader Action Number 782.

loline Corp., Kirkland, WA, has
\developed a low-cost “personal plot-
ter’’ that operates without a conven-
tional keyboard. Instead, parameters
are plotted using a screen on the host
computer, known as the host keypad.
This function offers the convenience
of having all values appear on a single
screen. Designated the LP3500, the
single-pen plotter accepts media sizes
A-D and emulates the HP-GL and
DM/PL languages. Listed at $3,195,
the LP3500 plots at 10 inches per se-
cond with .001-inch repeatability.

Circle Reader Action Number 780.
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Watlow Electric, St. Louis, MO, is of-
fering a free demonstration disk to
introduce the Series 985 vertical 1/8
DIN temperature controller. The
disk allows users to image the con-
trol face, set operating parameters,
and judge performance of the Series
985, a microprocessor-based con-
troller featuring dual digital displays,
a wide range of inputs and outputs,
and both auto and manual modes
with bumpless transfer. The free disk
requires an IBM PC/XT/AT or com-
patible computer, EGA or VGA dis-
play, and a single 5% inch disk drive.
Circle Reader Action Number 764.

Control Vision Inc., Idaho Falls, ID,
has unveiled the Model PN123 laser-
augmented video camera system for
viewing and controlling electric arc
welding, laser welding, and other
high-luminosity applications. The in-
vention employs a pulsed laser light
source in combination with a high-
speed electronic shutter to handle
the adverse lighting effects associ-
ated with intense electric arcs,
plasmas, and combustion processes.
While typically used as an attach-
ment to a welding machine, the
video system can also be applied to
a variety of other energy-intensive in-
dustrial and laboratory processes, in-
cluding ceramic fabrication, metal-
lurgy, and combustion studies.

Circle Reader Action Number 766.

M1, an all-purpose lubricant/protec-
tant from the Starrett Consumer Pro-
ducts Division, Charleston, SC, fea-
tures a fast-drying agent designed to
prevent dust, dirt, and film build-up.
The lubricant works quickly to free
frozen nuts, bolts, and metal parts
without silicone, and stops rust by
forming a molecular shield that
bonds to the metal. The nonsoluble
product gets beneath moisture to lift
it away from the surface being
protected.

Circle Reader Action Number 768.

In the above photo an engineer is
transcribing test results directly into
a computer using the ScreenWriter,
a transparent tablet designed for
handwriting recognition applications.
Developed by MicroTouch Systems
Inc., Woburn, MA, ScreenWriter
consists of a glass sensor, a stylus,
and a controller. The screen delivers
resolution of 2048 x 2048 points,
while the controller can digitize over
100 points per second. Unlike other
handwriting recognition systems,
ScreenWriter allows users to write
directly on the display, eliminating
the need for a separate graphics
tablet and increasing portability.

Circle Reader Action Number 770.
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The new MC6400 Series of attached
processor boards from Mercury
Computer Systems Inc., Lowell, MA,
brings supercomputing performance
to microcomputer and PC worksta-
tions. Able to perform both 32-bit
and 64-bit math at 20Mflops, the
MC6400 serves as an application ac-
celerator, .where the user simply
writes a program in C or Fortran that
contains /O statements. The pro-
gram is then compiled and run on
the processor without the need to
write a task control program for the
host. The MC6400 can also be used
as a subroutine engine. In this mode
of operation, a task control program
running on the host calls on the
MC6400 to perform computations.
The subroutine can be simple, or can
involve a complicated process writ-
ten in higher-level languages.

Circle Reader Action Number 760.
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The Model 1400M video scan con-
verter from RGB Technology,
Berkeley, CA, transforms high-
resolution computer graphics to
television format (NTSC or PAL),
with up to 16 user-selectable
waorkstation inputs. A dedicated im-
age processor, the Model 1400M
features 24-bit color processing, real-
time operation, and sophisticated
flicker filtering, and supports
workstations from Sun, Apollo,
Tektronix, DEC, Silicon Graphics,
and IBM.

Circle Reader Action Number 762.

MINCO PROBLEM SOLVER #21

PRODUCT:

Flexible Thermofoil ™
Heating Elements

DRAWING:

[aPPLICATION: 8
Aerospace, medit

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

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

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

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

MINCO -coucrs. e
554,

7300 C ce Lane/M lis, Mi 32 U.S.A.
Telephone:(612)571-3121/TWX: 910-576-2848/FAX: (612)571-0927
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New Literature

Miniature quartz crystal and crystal
clock oscillators are illustrated in a
new catalog from the Micro Crystal
Division/SMH, New York, NY. De-
signed for both surface mountingand
thru-hole applications, the resonators
cover the 10 kHz to 35 MHz frequen-
cy range. Applications include medi-
cal products, telecommunications,
instrumentation, computers, and
avionics. The free catalog features
various charts listing standard fre-
quencies and calibration tolerances.
Circle Reader Action Number 740.

The new Optical Encoder Design
Guide from the Industrial Encoder
Division of BEl Motion Systems Com-
pany, Goleta, CA, provides basic in-
formation on absolute and incremen-
tal encoder operations, explains the
use of tachometer and quadrature
type outputs, and describes various
count multiplication techniques.
Available free of charge, the guide in-
cludes a section on selecting en-
coders for industrial environments, a
glossary of encoder terms, and ap-
plication notes.

Circle Reader Action Number 714.

The latest issue of “Fiber Optic
Testing News,”” published by Fotec
Inc., Boston, MA, features articles on
controlling modal distribution in test
launch cables and on compensating
for source wavelengths. A product
section covers new test kits for FDDI
and CATV systems, loopback and in-
line attenuators, and low-cost laser
sources for loss testing. The news-
letter also describes how fiber optic
bandwidth is measured.

Circle Reader Action Number 720.

The 1989 Nuclear Products Catalog
published by the LeCroy Corp.,
Chestnut Ridge, NY, illustrates Le-
Croy’s line of electronic research
instruments, including high-density
data acquisition systems, fast pattern
recognition/trigger electronics, and
high-voltage systems. Offered free of
charge, the 340-page catalog features
technical data sheets, application
notes, and a tutorial, complete with
glossary, that provides the scientist or
engineer with a base for under-
standing and using research instru-
mentation.

Circle Reader Action Number 702.

Acculex, Taunton, MA, is offering a
free Industrial Source Book featuring
a wide selection of digital panel
meters (DPMs), including a
battery-powered 10 KHz counter, a
portable LCD voltage input DPM, and
a micro-size RDT input DPM. Also
described in the 64-page publication
are low-cost thermocouples, pressure
transducers, temperature controllers,
programmable controllers, digital
panel instruments, and panel mount
printers.

Circle Reader Action Number 722.

A free catalog from InfraRed Associ-
ates Inc., Cranbury, NJ, features ad-
vanced infrared detectors, including
HgCdTe, InSb, PbSe, PbS, Ge, and
pyroelectrics. Accessories such as
preamplifiers, cooling systems, and
temperature controllers are also de-
scribed.

Circle Reader Action Number 704.

“Shot Peening Applications,” a newly
revised engineering manual from the
Metal Improvement Company Inc.,
Belleville, MI, provides stategies for
preventing metal failures caused by
fatigue, stress, corrosion, cracking,
fretting, and galling. Available free of
charge, the manual illustrates the pro-
cess of peen forming, which is used to
produce the aerodynamic contours
in wing skins for commercial and
military aircraft.

Circle Reader Action Number 718.

“’Fiber Optic Technologies And Ser-
vices,” a new report from the Future
Systems International Corp., Gaithers-
burg, MD, features a compilation of
the latest advances in fiber optic
technology. The report covers fiber
optic applications, components, and
transmission and optical switching
systems. In addition, it reviews
business opportunities and includes
revenue projections.

Circle Reader Action Number 724.
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Lambda Electronics, Melville, NY, is
offering a free 200-page catalog con-
taining specifications, illustrations,
and prices for more than 1,000 stan-
dard power supplies, power sys-
tems, and DC converters. Among the
new products featured in the catalog
are remotely programmable power
supplies for voltage applications up to
120 VDC, and isolated DC-to-DC
converters for aerospace and other
high-density uses.

Circle Reader Action Number 706.

T

More than 1500 pressure, tempera-
ture, and flow controls and gauges
are detailed in a free catalog from
Dwyer Instruments Inc., Michigan Ci-
ty, IN. New products featured include
the Dwyer Model 640 air velocity
transmitter and Model 475-1 hand-
held digital manometer, as well as the
Anderson Model H3 explosion-proof
differential pressure switch. The
catalog contains application notes,
technical data, and reference tables.
Circle Reader Action Number 710.

The CAD/CAE systems market will
continue to grow as new, less expen-
sive 32-bit microprocessor systems
are introduced, according to a recent
report by the Market Intelligence
Research Company, Mountain View,
CA. The report projects CAD/CAE in-
dustry revenues will double by 1994,
to more than $10 billion, with unit
sales surpassing the 1.5 billion mark.
Included in the report are company
profiles, a technology overview, and
a review of industry standards.

Circle Reader Action Number 708.

A new line of linear positioning
tables and programmable controls
are described in a 24-page catalog
from Schneeberger Inc., Bedford,
MA. The linear tables are available
with precision runout accuracy from
0.001 to 0.002 inches per foot of
travel, are modularly constructed,
and are compatible with DC step-
ping, servo, or linear motors. When
combined with Schneeberger’s
SC9000 motion controller, the tables
become turnkey system solutions.

Circle Reader Action Number 712.

A free brochure from Plasma Tech-
nology Inc., Torrance, CA, highlights
the advantages of plasma coating for
the automotive, aviation, marine,
computer, cryogenics, and petro-
chemical industries. The brochure
describes how a plasma is formed, ex-
plains the plasma coating process,
and provides examples of applica-
tions to components such as turbine
engine fasteners, automotive engine
pistons, hydraulic pump wing shafts,
and titanium valves.

Circle Reader Action Number 726.

A four-color brochure describes the
new TurboPS™ Series laser printers
from NewGen Systems Corp., Santa
Ana, CA. Designed for CAD/CAE,
desktop publishing, and other
graphics applications, the printers are
compatible with IBM and Apple per-
sonal computers and feature standard
HP Laserjet Series |I™ and Epson
LQ800™ emulations, menu-based
printer settings, and parallel, serial,
and AppleTalk™ interfaces. The Tur-
boPS units output complex Adobe
Postscript files at 30 times the speed
of other laser printers, according to
the manufacturer.

Circle Reader Action Number 716.
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Engineering Professionals

Cross the :
engineering frontier. . .
INto space.

The Company

At GE Astro-Space, we're crossing the frontiers of
space. . .offering Engineers the kind of rare
opportunities that few are destined to realize.

With over one hundred and fifty satellites currently
circling the globe—and long-term projects such as
the Mars Observer, Space Station and Landsat—we
are strengthening our position as a world leader in
the design and manufacture of satellites for govern-
ment and commercial use.

Experienced
Engineers
with a Vision

If you're the self-motivated Engineer we're seeking,
you're invited to join us in fulfilling an array of
project requirements. . . paving the way for a new
generation of emerging space technology. Our
mission requires the technical proficiency—and
vision—of degreed professionals with a minimum
of 3 years experience in one or more of the
following:

® Comm Systems MW/RF Design
s HV Power Supply Design

m Spacecraft Power Systems

m Software Design-Flt/Grd Support
® Propulsion Systems

= Antenna Mechanical Design

s TT & C/C & DH

m Launch Vehicle Integration

The

Environment

Our East Windsor, New Jersey location offers all
the advantages of nearby Princeton—within easy
access to New York City and Philadelphia.
Additionally, selected positions are open in historic
Valley Forge, Pennsylvania.

The Rewards

As the largest employer of engineers and scientists
in the world, GE can provide competitive salaries
and exceptional benefits including tuition refund
and continuing education programs—providing
constant training in new technologies and
systems. . . S0 your expertise is always current

and expanding,

The T'me
Is Now

Rush your resume, in confidence to: Employee
Relations, Dept. NTB/11-1, GE Astro-Space,
P.O. Box 800, Princeton, New Jersey 08543-0800.

GE Aerospace
Astm-Sps;:e

Equal Opportunity Employer
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CAE/CAD Integrated
Software Package for
IBM PC/XT/AT/PS2

Weigh Cost Against
Performance

When you balance cost and performance, EE
Designer Ill gives you more features per dollar
than any other electronic design software
package. You get full-featured PCB layout
plus schematic capture, analog/digital circuit
simulation, support for EMS memory, 45
degree autorouting, and full postprocessing
functions. EE DeS|gner packages start at $995.

30 day money back guarantee. Full pur-
chase price refunded if not completely satis-
fied. Call 1-800-553-1177 today to order your
package. Bank cards welcome.

CORPORATION
3032 Bunker Hill Lane~3anta Clara, CA 95054
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The new V/SMD 4400 Phoenix SMD disk con-
troller from Interphase is the highest perform-
ing controller for Sun Microsystems worksta-
tions and file servers. It provides full boot sup-
port for Sun 2 and Sun 3/1XX, Sun 3/2XX
and Sun 4/2XX models with OS3.X and 0S4.0
and supports as many as four SMD or SMD-E
drives with data transfer rates to 24 Mb/s. In-
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INTERPHASE Corporation
2925 Merrell Rd., Dallas TX 75229
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students; a vital reference tool for years to
come.

Special introductory price only $95.00 per
volume, including FREE delivery.

Rush me: O 1986 O 1987
Name

Company

Address

City. State

Zip Phone.

Send check or money order to:

NASA Tech Briefs, Bound Volumes Offer
41 East 42nd Street, Suite 921
New York, NY 10017
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of Flight
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| From Kitty Hawk to the Space Shuttle, this I
| exciting videotape chronicles the successes |
| and innovations, the heroes and inventors, in !
) air and space travel. Includes vintage newsreel }
I footage. (VHS, 40 minutes) $19.95 each plus |
1 $3.00 postage and handling. :
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Idl East 42nd Street, New York, NY 10017 |
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Three Things
You Shouldn't

Have To Share At
The Office,.

N

I n the workplace you would never
think of sharing your mug or chair. So
why are you running down the hall to
find out if there is a terminal available
for your mainframe graphics applica-
tions? With TGRAF softwareand your
desktop computer there’s no reason
to ever share a terminal; you can now
have a powerful graphics terminal on
your desk, inexpensively.

TGRAF accurately duplicates a
Tektronix graphics terminal without
sacrificing terminal functionality.
Now mainframe graphics power is
available for your PC, PS/2, Macin-
tosh 1II, or workstation in RS-232 or
networked computer environments,
for only a fraction of what a terminal
would cost.

TGRAF's comprehensive Tektronix
terminal emulation and Grafpoint’s
superior customer support, puts the
terminal sharing blues behind you
forever. Call Grafpoint for the name
of your local distributor and order a
no-risk 30-day evaluation copy.

Current TGRAF users call us for
information on how to upgrade to our
latest product - TGRAF-4200

G GrarFPOINT

1485 Saratoga Avenue
San Jose, CA 95129
1-800-426-2230

In California 408-446-1919

Grafpoint and TGRAF are trademarks of Grafpoint.

PC and PS/2 are trademarks of International Business Ma-
chines Corporation. Tektronix is a trademark of Tektronix,
Inc. Maci isa rk of Apple Computer, Inc.
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WORKSTATIONS X RAYS

Stellar inertlal navigation Plug would collimate
workstation X rays

page 68 MSC-21093 page 77 MFS-29343
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The word implies bold
vision, new heights. The
reality provides more
services for less cost.

At GE Astro Space we
have enhanced value
through technology for
thirty years. Building
upon scientific advances
in materials, devices and
computer programs, we
have engineered three-
axis stabilized attitude
control, cross-polarized
antenna systems, space-
craft autonomy, all
composite-based struc-
tures and high-electron
mobility transistor low-
noise amplifiers. These
advances have increased
spacecraft lifetime, reli-
ability and capability

while decreasing weight,

complexity and cost.

With our current
innovations in satellite
servicing, batteries,
structures, mission
analysis, attitude con-
trol and propulsion, our
customers will experi-
ence more services for
less cost well into the

next century.




THE X-30 IS KID STUFF.

To build higher and stronger. To shape an idea into reality that
reaches the sky. For a kid, that's the stuff dreams are made of.

Kid stuff, because it’s your kids, and ours, who will gain most
from the advances in materials technology required to build the
X-30 National AeroSpace Plane, forerunner of the Orient Express.

New materials will be needed to withstand the enormous
heat and stress of X-30 flight. They’ll be stronger materials,
much lighter than those available today, with uses far beyond
space flight.

The X-30 is kid stuff, because it is our children who will move
from Earth to space and back at far less cost than we do today.
And who will one day fly from Los Angeles to Tokyo in two hours
aboard an Orient Express. —

It is our children who will have—
or not have—world leadership in
aerospace as a result of our decisions today:

We can do no less than begin the task.

MCDONNELL DOUGLAS Nt
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