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Hardcover Handbook. ..
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Change is constant.
Depend on .

Our world is evolving beyond imagination. Toward the
hope of global freedom and security. Toward preserving
our unique and fragile planet. Toward future exploration
of our earth, the moon and Mars.

The aerospace industry is evolving also. Redirecting
strategies and resources. Forming new alliances. And
sharing knowledge to create new opportunities.

For the thousands of men and women at Ford
Aerospace, our company is evolving, too. We are ready
for the challenge. Managing our diversified programs
in space systems, satellite and ground communications,
information systems and electronics. Leveraging
technologies to provide real value where it counts.
Continuously improving.

Our name may change, but the fundamentals will
remain the same. The depth and breadth of our talent.
The quality of our work. The long-term commitment
to our customers. The dedication to the future.
Depend on it.

Ford Aerospace



THE CHALLENGE:

“MACHINE HIGHLY COMPLEX
AEROSPACE COMPONENTS WITH PRECISE REPEATABILITY.
AND REDUCE COSTS SIGNIFICANTLY.”

because at Howmet we work
closely with our customer-partners.
Our engineer-to-engineer
approach allows us to take charge
from concept through prototype

to finished product and provide
our customers with capabilities our
competitors can’'t match.

ECM equipment is integrated with
customer CAD/ICAM data.

GREATER DESIGN FREEDOM
AND COST EFFECTIVENESS.

At our New England Aircraft
Products Division, in Farmington,
CT, we produce airfoils up to 14"
in length by electrochemical
machining (ECM). As a “stress-
free” process, ECM permits thin-
ner, more complex shapes which
are otherwise extremely costly or
impossible to manufacture. And
our CAD/CAM technology permits
your design to be duplicated
precisely. With no final polishing
required and a low scrap rate,
manufacturing costs are reduced
as much as 10%.

ECM'd fan and compressor
blades for P&W jet engines.

We were able to meet this challenge

Howmet's Winsted Machining
Center, in Winsted, CT, special-
izes in small to medium airfoils.
Our state-of-the-art encapsula-
tion system and CNC continuous
dress creep feed grinders triple
the removal rates while improving
accuracy and throughput.

At Whitehall, MI, our Whitehall
Machining Division specializes in
medium to large airfoils and inte-
gral nozzles and rotors. We also
run small lots and prototype work,
offering fast turn time and low
cost for special needs. Our creep
feed grinders reduce machining
time while increasing precision
and flexibility.

CNC-controlled YAG laser performs
cutting, welding and drilling.

IMPOSSIBLE? CHALLENGE US.

At Howmet, we employ the most
advanced technologies to meet

the strict requirements of our cus-
tomer-partners. We will work closely
with you, engineer to engineer, to

These retainer plates are typical of our
precision-machined hardware.

bring your product cost-effectively
from prototype work into pro-
duction. For more information on
our machining capabilities, write
our Sales Department, Howmet
Corporation, 475 Steamboat
Road, Greenwich, CT 06836-1960.
Or phone the Sales Manager at
New England Aircraft Products
Division, (203) 677-1376, Whitehall
Machining Division, (616) 894-5686,
or Winsted Machining Center,
(203) 379-3314.

H HOWMET CORPORATION

Partners. Challenge by Challenge.

New England Aircraft Products Division,
Farmington, CT

Whitehall Machining Division, Whitehall, Ml
Winsted Machining Center, Winsted, CT




ARINC 404, 600, MIL-600.
Just the right selection.
Right when you need it.

Our complete line of intermateable,
interchangeable connector assem-
blies and contacts qualifies to all
relevant ARINC and MIL specs.

And we come through with fast
delivery, in-depth support, and
significant advantages that stretch
from production line to field.

Our low-mating-force signal
contacts and coax contacts both use
crimp termination (and existing
tooling) for productivity gains on
the line and easier on-site repair or

ARINC is a trademark of Aeronautical Radio, Inc.

modification. And both deliver
consistent performance and
outstanding reliability.

Our modular inserts — in a com-
plete range of sizes and configura-
tions — incorporate mechanical
ramps engineered for simple, true-
position field replacement, without
positioning tooling.

And we back you with seasoned
support. Our dedicated ARINC Total
Quality Management Team builds
on the strength of a corporate-wide
formal quality program now in its
tenth year.

Call us at 1-800-522-6752. We'll
come through, fast. AMP Aerospace

& Government Systems Sector,
ARNIP

Harrisburg, PA 17105-3608.
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THE WORLD'S BIGGEST SELECTION
OF HIGH-PERFORMANCE ALLOYS
ISN'TFAR...FROM ANYWHERE.

No matter where you are, there’s
an Inco Alloys International
distributor close enough to bring
you big savings on operating
costs — along with the best
known nickel alloys in the world,
the MONEL, INCONEL, and
INCOLQY series.

Our four distributors are in
over 70 locations nationwide, so
you get fast, dependable delivery
that reduces your inventory costs,
delivery costs, manpower and
equipment costs.

Distributor services include
shearing, plasma cutting, sawing,
threading, leveling, slitting, edging
and deburring. You can order
exactly what you need —

Bdhvw,NY Charloﬂe, NC; Cincinnati, Cleveland

City, St. Louis, MO;
mén

MA,MM : K
NI; Buffalo, Rochesuzr

OK; Portland, OR: kaladelphin PA; Memyins ™™:

Beaumont, Dallas, Fr :uston, TX; Salt Lake

B«tsalm‘ Pﬂﬁburgh, A Buffalo,NY Cnmbndge,

Cincinnati, Cleveland, Columbus, Toledo, OH;
Charleston, WV; Dallas, TX; Louisuille, KY;
Nashuville, TN

Tubesales (pipe & tube products only)

Atlanta, GA; be(c;fo, IL; Cranbury, NJ; Houston,

TX; Los Angeles, CA; and 13 branch offices nationwide

high-nickel alloy sheet, strip, rod,
bar, plate, tube, pipe, wire and
companion welding products —in
alloys to handle practically every
corrosive and/or high-temperature
application.

Call your nearest Inco Alloys
International distributor. He's just
down the road, ready to deliver the
products — and the savings — you
need. Inco Alloys International,
Inc., Huntington, West Virginia
25720.

MONEL, INCONEL and INCOLOY are trade-
marks of the Inco family of companies.

INCO ALLOYS
INTERNATIONAL
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Real Time
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Displays

RGB/View

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

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

« Supports all displays from 768 x 1024
to 1280 x 1024 pixels
« Frame buffer independent

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

« No processing burden on the computer
+100% software compatible
« Full 24-bit color; highest quality video image

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

« Standalone and board level
models available

+Made in the USA

SPECTRUM
2550 Ninth Street Berkeley, CA 94710
TEL: (415) 848-0180 FAX: (415) 848-0971
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Photo courtesy Hercules Aerospace Company

by Randy L. Coggeshall, Larry B. llcewicz,
Peter J. Smith, and W. Thomas Freeman

ver the past two decades, advanced

composite materials have pro-

gressed from a laboratory curios-

ity to a production reality. Com-
posites have demonstrated weight sav-
ings for aircraft structures and outstand-
ing corrosion and fatigue damage resis-
tance. Commercial aircraft applications
have ranged from wide coverage on
small flight control surfaces to a limited
number of primary structures. Tens of
millions of flight hours and cycles have
been generated from these applications,
but from a production standpoint we are
just scratching the surface.

Starting with the existing secondary
structure, including spoilers, flaps, and
other flight controls, we are able to pro-
vide amodest weight reduction by using
composite materials. These components
tend to be relatively small and do not
lend themselves to automated produc-
tion techniques. As a result, they gener-
ally cost more than their metal counter-
parts. These applications have given us
a great deal of production and service
experience, however, and pointthe way
towards larger and more complex com-
posite structures, including empennages,
10

wings, and fuselages. Large structures,
with their large laminate areas, lend
themselves to automated material place-
ment techniques such as numerically-
controlled tape lamination and advanced
tow placement. They also allow designs
that require fewer parts, such as inte-
grally-stiffened co-cured wing panels,
which help lower fabrication and assem-
bly costs.

To assure the timely application of
composites to the next generation of
U.S. aircraft, we mustimprove our tech-
nology and manufacturing tools. Design
and analysis tool capabilities are in their
infancy, and cost-effective manufactur-
ing techniques and materials have not
been fully characterized. A number of
service-related issues need to be re-
solved, especially for large wing and
pressurized fuselage applications. These
issues include lightning-strike protec-
tion and pressure containment of dam-
aged fuselage structure. While much
progress has been made, a significant
amount of work remains before we will
see an all-composite large commercial
aircraft that is competitive with current
aluminum planes.

Under a NASA ACT contract, Hercules is
investigating the use of multiaxis tow
placement technology to achieve low-
cost manufacturing of complex compos-
ite structural forms.

Improved access to data is needed
to promote efficient technology devel-
opment. Although there has been a
greatdeal of R&D across the aerospace
industry, there exists an inter- and intra-
company attitude of propriety regarding
composites. The result is often duplica-
tion of effort and a proliferation of “point
design” programs which have not pro-
vided the underlying science and tech-
nology needed for large-scale applica-
tions. To rectify this situation, compos-
ites technology must proceed through a
maturation phase. The orderly develop-
ment of a generic knowledge base will
enable significant improvements in air-
craft performance and reductions in
manufacturing costs.

Such research will support numer-
ous classes of aeronautical vehicles.
The foundation laid to address the is-
sues of subsonic aircraft structure will
serve as the basis for the technology
and methodology necessary to support
supersonic and transatmospheric ve-
hicles. Affordable aircraft structure is
the ultimate goal and will be realized as
the technology matures.

NASA Leads The Way

NASA has initiated a program which
should become a model for composite
materials technology development in the
United States. The Advanced Compos-
ites Technology (ACT) program funds
numerous research projects (see side-
bar) with the objective being to develop
and demonstrate an integrated approach
to cost-effective use of composite ma-
terials in aircraft primary structures. It
stresses the development of a basic
understanding of advanced composites,
as opposed to earlier point design ef-
forts.

Photo courtesy NASA

A Langley engineer examines an advanced

composites crippling specimen which
failed during a compression test.
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Photo courtesy Stanford University

The program philosophy centers on
the creation of generic tools which can
be applied to specific structures. Using
the Boeing Company’s portion of the
ACT program as an example, the tech-
nology developed will be applied to-
wards large pressurized fuselage struc-
ture. The application, or verification, phase
will result in an understanding of design
manufacturing trades which are typi-
cally measured in terms of cost and
weight. Structural mechanics and mate-
rial development will promote an under-
standing of the trade between analysis
tool simplicity and accuracy. Data gen-
erated from the fabrication and test of
full-scale components will resultin tech-
nology verification.

The ACT program emphasizes an
integrated approach. At Boeing this in-
tegration is called a “Design-Build Team”
(DBT); members of the materials, manu-

.

. »
Ultrasonic C-scan shows impact damage in a graphite-epoxy laminate.

facturing, structural mechanics, and
design communities work together to
develop new designs. This differs from
the traditional linear approach in which
the design concept is generated, a ma-
terial is selected, the design is analyzed,
and then it is turned over to a manufac-
turer to build. One common result of the
linear approach is that manufacturing is
left out until the end and must build the
structure with a far less than optimum
process in order to stay on schedule.
The key to the DBT is communica-
tion. Members of the various disciplines
can resolve potential problems at any
time during the design development and
find solutions faster than with the linear
approach. While all design development
revolves around customer and struc-
tural guidelines, the linear approach can
make timely access to this information
difficult for some participants. The DBT

allows all team members to be aware of
criteria and guidelines and their impact
on the design development.

Interactions between certain mem-
bers of the team will concentrate on
specific issues. Failure mechanism stud-
ies, for example, must be directed by
both the materials expert, who under-
stands the microscopic behavior, and
the structures expert, who understands
what it means to the mechanics of the
material. Interaction between these two
disciplines centers on development of a
tie between material behavior and struc-
tural performance. The result is a set of
verified analysis tools that accounts for
basic materialbehavior. Thereis atrade
involved as to how these tools are used
during different design phases. Very
accurate and complex tools such as de-
tailed finite-element models can be used
to predict and certify part performance
at the culmination of design efforts. These
often require specialists to operate. The
converse is a simple model such as a
spreadsheet template which may be
less accurate but can be used quickly
during preliminary design work. Simple
models are also inexpensive, which al-
lows them to be employed in an iterative
manner to screen many potential de-
signs. One disadvantage is that the
operator of the simple job must have the
experience and judgement to know when
the tool is not doing the job.

ACT Contracts Aim At Technology Breakthroughs

NASA has teamed with 14 major
aerospace companies and universities
nationwide to develop innovative struc-
tural concepts, materials, and fabrica-
tion techniques as part of the Advanced
Composites Technology (ACT) program.
Researchers are seeking technology
breakthroughs that will allow structures
made of epoxy-type resins and high-
strength carbon fiber to replace metal in
the wings and bodies of future transport
and fighter aircraft. “Our goals are to
reduce structural weight by 40-50 per-
cent, acquisition cost by 20-25 percent,
and the number of individual parts by
half compared to current production
aluminum aircraft,” said John Davis, head
of the Structures Technology Program
Office at NASA's Langley Research
Center, which manages the ACT pro-
gram.

Langley has awarded contracts to
Boeing, Lockheed, McDonnell Douglas,
Northrop, Grumman, Sikorsky, and
Hercules to explore new structural de-
sign concepts and cost-effective manu-
facturing techniques. Hercules, for ex-

ample, is using a multiaxis tow place-
ment technique to build integrally-stiff-
ened fuselage panels. This technology
involves the precise automated place-
ment and in-process consolidation of
ribbonized prepreg tow. Material cut-
and-add “on the fly” offers high produc-
tion rate potential, enhances tailorabil-
ity, and minimizes scrap.

Two contractors are developing novel
materials: BASF is creating commingled
yarns and powder-impregnated tows that
can be used for braiding, 3D weaving,
and other advanced textile processes,
while the Dow Chemical Company is
developing thermosetting resins with
processing characteristics suitable for
resin transfer molding.

Langley has awarded contracts to
several universities—including Delaware,
Cal-Davis, Stanford, and Utah—to de-
velop new analytical models and analy-
sis techniques to better understand the
failure behavior of laminates and woven
material forms. Stanford researchers,
for example, are developing a 3D finite-
element model to calculate stresses,

strains, and displacements in a thermo-
plastic composite during impact based
on Hertzian contact forces. The impact
damage model for delamination size
and location will be used as the basis for
amodelto predict residual compressive
strength and stiffness.

Further, Rockwell International is
developing experimental techniques to
characterize the initiation and growth of
fatigue damage in woven and stitched
composites. Based on the damage char-
acterization, a micromechanical model
that includes mechanisms such as lo-
calized plasticity, microcracking, and fiber
bridging will be created to predict fatigue
behavior of new material architectures.

Present contracts represent about
60 percent of the ACT program. The
balance of the work will be accomplished
through in-house research at NASA's
Langley and Lewis research centers
and through additional contract awards.
Solicitations for new concepts will be
issued throughout the program, which is
expected to extend through 1994. 0
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Analog VME

DATEL offers the broadest line of high-performance A/D and

D/A VME boards for data acquisition and control. One example

is our Model 601 smart A /D giving 12-bit accuracy at 300 KHz
for applications such as FFT's or DSP. All units are ruggedized
for industrial use with direct sensor I/0.

Call (508) 339-3000 or write for DATEL's new VME

brochure.
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INNOVATION AND EXCELLENCE IN PRECISION DATA ACQUISITION
DATEL, Inc, 11 Cabot Boulevard, Mansfield, MA 02048 (508) 339-3000
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Study efforts within the materials and structural mechanics
disciplines concentrate on basic material properties, failure
mechanisms, and constitutive laws development. This re-
search will be tied to efforts in the areas of stiffness and sta-
bility, strength assessment, damage tolerance, and durability.

Design Tools

The design and manufacturing disciplines typically inter-
face in a cost and weight trade. The designer, charged with
concept development, needs the tools supplied by the struc-
tural mechanics and materials communities to perform effi-
cient trade studies. Their input allows design compromises to
be made more efficiently. The point design approach does not
offer this flexibility, asitis tied to past data bases and rigid rules
of thumb.

Manufacturing capabilites are identified by the manufactur-
ing representative through a technology assessment that
includes tooling concepts, material placement equipment, and
processing equipment. Fabrication technology has received
much attention over the past few years, although few new
production-ready concepts have been put in place. Assembly
methods have received less attention, but additional gains
appear possible. Composite structures usually can be manu-
factured with a lower part count than aluminum versions.
Since a one-piece airplane is impractical from a maintenance
standpoint, innovative and cost-effective joining technologies
must be examined.

Fabrication of test hardware and structural testing are
required to validate technology advances. The goal is to
integrate the developed tools through use of the DBT and
enhance them as hardware verification allows.

Ultimately, a set of common design practices will be estab-
lished that will be easily accessible to all DBT members. This
data base will include design curves, computer programs, and
numerous other tools. Integration of the base with CAD data
is another goal. The key, however, is to provide the engineer
with a comprehensive guide to composite development thatis
accurate, cost-effective, and easy to use. O

About The Authors

Randy L. Coggeshall is a lead engineer on structural analysis
of the Boeing 737 fuselage. He has worked 13 years with
Boeing, 11 in composites, and has taught a course entitled
“Advanced Composites Technology” to engineering and manu-
facturing personnel.

Larry B. llcewicz is a senior specialist engineer in the Boeing
Structures Technology Group, which is responsible for analy-
sis of composite damage tolerance and environmental dura-
bility, as well as software development, experimental test
design, and technical report writing. He is currently principal
investigator on the NASA ATCAS Fuselage Structures Re-
search Program.

Peter J. Smith is a principal engineer in Boeing's Structures
Technology Group and serves as technical manager on the
ATCAS project. Mr. Smith has more than 26 years experience
in analysis and test of aircraft structures.

W. Thomas Freeman is an aerospace engineer in the Struc-
tures Technology Program Office, Structural Mechanics Divi-
sion, at NASA's Langley Research Center. He has worked
nine years with NASA developing composite materials hard-
ware and manufacturing processes and serves as contract
technical monitor for two of the ACT program contracts.
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With every project, Grumman Data Systems advances the science
of large-scale systems integration. We've designed and installed

two supercomputer processing systems for
NASA and engineered software to speed
@ machined parts acquisition by the Navy.

We're developing a mobile command center for the Marines. Providing an oceanographic pre-
diction system for the Navy. Consolidating 23 Pentagon data systems into one for the Air

Force. Implementing an MIS to increase productivity at seven Air Force mamtenance depots.
And modernizing a computer-based information system for the Defense Logistics Agency. In

each case, we combine experience and innovation to produce
areliable, cost-effective system. Grumman Data Systems,
Bethpage, NY 11714. (516) 682-8500.

GAUMMAN |

F
Data Systems
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New Product ideas

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

reférenced page in the appro- the end of the full-

h

Perfusion Bioreactor Module

A perfusion bioreactor module monitors
and maintains a cell culture in a growth
or maintenance medium under controlled
conditions. This equipment can support the

cultures of human or other fragile cells for
experiments in basic cell biology or pro-
cess technology.

(See page 113)
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.snmultaneous X Windows capability within Microsoft® Windows,
...System responsiveness approaching expensive workstations,
..graphic communications between MS-DOS and UNIX computers,
..the freedom to switch displays to suit your application, and

...full X11 Release 3 functionality while retaining the use of your
desktop 286 or 386 PC.

Priced at $395
To Order your copy, - Ilrr,rftgggégd
CALL (714) 9786201 | =—===

FAX (714)939-0746 \_ — — oo

X11/AT is a trademark of Integrated Inference Machines, Inc. 1468 E. Katella Avenue, Anaheim, CA 92805
286 and 386 are trademarks of Intel Corporation. Microsoft is a trademark of Microsoft Corporation.
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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

length article or by writing the
Technology Utilization Office of
the sponsoring NASA center (see
page 16). NASA’s patent-licensing
program to encourage commer-
cial development is described on

page 16.

Porous-Floating-Gate
Field-Effect Transistor

A porous-floating-gate, ‘‘vertical’ field-
effect transistor is proposed as a program-
mable analog memory device. The device
is particularly suited for hardware imple-
mentations of massively parallel neural-
network architectures.

(See page 18)

Air-Velocity Sensor
for Helicopter

A new airspeed sensor has been con-
ceived for the accurate measurement of
both the airspeed and the direction of flight
of a helicopter. The direction of motion of
the helicopter is displayed by the lighting
of one of a series of lamps that encircle
a digital display of the airspeed.

(See page 39)

Pressurized-Flat-
Interface Heat Exchanger

A heat-exchanger interface enables the
efficient transfer of heat between two work-
ing fluids without allowing the fluids to in-
termingle. A possible application is in chemi-
cal or pharmaceutical manufacturing when
even trace contamination of the process
stream with water or other coolant could
ruin the product. It may also reduce costs
when highly corrosive fluids must be cool-
ed or heated.

(See page 68)

GTOI/FET Cascode
Three-Terminal Switch

A three-terminal semiconductor switch-
ing circuit features high switching speed,
extremely high turnoff safe operating area,
moderately low forward voltage drop, and
efficient utilization of the silicon in the de-
sign of its components. The circuit requires
no external bias power and contains
neither inductors nor capacitors.

(See page 18)
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After centuries of practice,
mankind perfects engineering

calcu

Announcing MathCAD 2.5:
The Dawn of a New Age.

What the historians will call it,
only time will tell.

Perhaps the Century of Speed, or
the Era of Ease. But whatever the

name, this is the age of MathCAD 2.5,

the only math package that looks
and works the way you think.

avo

MathCAD 2.5 includes 3-D plotting, HPGL sketch
import, and PostScript output.

MathCAD is far and away the
best-selling math package in the
world. Because it lets you perform
engineering and scientific calcula-
tions in a way that’s faster, more
natural and less error-prone than
the way you’re doing them now—
whether you’re using a scratchpad,
calculator, spreadsheet or program
that you wrote yourself.

And now there’s MathCAD 2.5,
a dramatically improved version
that includes three-dimensional plot-
ting, enhanced numerical analysis,
PostScript® printer support, and
HPGL file import from popular
CAD programs like AutoCAD?®

And like before, MathCAD’s live
document interface™ lets you enter
equations anywhere on the screen,
add text to support your work, and
graph the results. Then print your

? biologists and economists.

ations: MathCAD.

analysis in pre-
sentation-quality
documents.

It has over 120
commonly used
functions built
right in, for handling
equations and formulas, as well as
exponentials, differentials, cubic
splines, FFTs and matrices.

No matter what kind of math you
do, MathCAD 2.5 has a solution

for you. In fact, it’s used by over
90,000 engineers and scientists,
including electrical, industrial, and
mechanical engineers, physicists,

UNIX

version now

available.

But don’t take our word
for it; just ask the experts.

PC Magazine recently

described MathCAD as

“‘everything you have ever

dreamed of in a mathemat- 0 o,

ical toolbox.” Best of ’88
And for Macintosh® o

users, we present MathCAD,
rewritten to take full advantage of
the Macintosh interface. Entering
operators and Greek letters into
equations is pure simplicity!

Look for MathCAD 2.5 at your
local software dealer, or give us a
call. For more information, a free
demo disk, or upgrade information,
dial 1-800-MATHCAD (in MA,
617-577-1017).

Available for IBM® compatibles
and Macintosh computers.
Call for UNIX platform availability.

TM and ® signify manufacturer’s trademark or
manufacturer’s registered trademark respectively.

MathCAD

MathSoft, Inc. 201 Broadway, Cambridge, MA 02139
2

U.K.: Adept Scientific 0462-480055; France: ISE CEGOS 1-46092768; Germany: Softline 07802-4036; Japan: CRC 03-665-9762; Finland: Zenex Oy 90-692 7677 PE
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maklnp use of one of the low- and no-cost services provided by
NASA’'s Technology Utilization (TU) Network. But a TECH
BRIEFS subscription represents only a fraction of the technical
information and applications/engineering services offered by
the TU Network as awhole. In fact, when all of the components
of NASA's Technology Utilization Network are considered,
TECH BRIEFS represents the proverbial tip of the iceberg.

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

B B gt

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

ou can contact NASA's network of Industrial Applications Centers (IACs) for assistance in solving a specific technical problem or meeting your
Y information needs. The “user friendly” IACs are staffed by technology transfer experts who provide computerized information retrieval from one of
the world’s largest banks of technical data. Nearly 500 computerized data bases, ranging from NASA’s own data base to Chemical Abstracts and INSPEC,
are accessible through the ten IACs located throughout the nation. The IACs also offer technical consultation services and/or linkage with other experts
inthe 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 Research Triangle Park, NASA/UK Technology NASA Industrial Applications
Center (ARAC) NC 27709-2235 Applications Program Center

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

611 N. Capitol Avenue
Indianapolis, IN 46204

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

Central Industrial Applications
Center/NASA (CIAC)

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

Robert G. Konecny,

Acting Director

Lexington, KY 40506-0057
William R. Strong, Director
(606) 257-6322

NERAC, Inc.

One Technology Drive
Tolland, CT 06084

3716 South Hope Street

Los Angeles, CA 90007-4344
Robert Stark, Director

(213) 743-6132

(800) 642-2872 (CA only)
(800) 872-7477 (toll-free US)

Rural Enterprises, Inc. (412) 648-7000 Dr. Daniel U. Wilde, President NASA/SU Industrial Applications’
P.O. Box 1335 Southern Technology (203) 872-7000 Center

Durant, OK 74702 Applications Center (STAC) Technology Application Center Southern University Department
Dr. Dickie Deel, Director Box 24 (TAC) of Computer Science

(405) 924-5094 Progress Ctr., One Progress Blvd. University of New Mexico P.O. Box 9737

(800) 658-2823 (toll-free US) Alachua, FL 32615 Albuquerque, NM 87131 Baton Rouge, LA 70813-9737
Science and Technology J. Ronald Thornton, Director Dr. Stanley A. Morain, Director Dr. John Hubbell, Director
Research Center (STRC) (904) 462-3913 (505) 277-3622 (504) 771-6272

Post Office Box 12235 (800) 354-4832 (FL only)

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

(504) 771-4950

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 a Technology Utilization
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector.
If you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If aTSP is not available,
you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research. He can arrange for assistance in applying the

technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are interested
in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA reference number

at the end of the Tech Brief.

Ames

Research Ctr. John C. Stennis

Technology Utilization Space Center
Officer: Laurance Milov Technology Utilization

Mail Code 223-3

Moffett Field, CA 94035

(415) 604-4044
Patent Counsel:
Darrell G. Brekke
Mail Code 200-11

Moffett Field, CA 94035

(415) 604-5104

Lewis Research Center

Technology Utilization
Officer: Anthony F.
Ratajczak

Mail Stop 7-3

21000 Brookpark Road
Cleveland, OH 44135
(216) 433-2225

Patent Counsel:

Gene E. Shook

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

Officer: Richard A.
Galle (acting)

Code HA-32
Stennis Space Center,
MS 39529

(601) 688-1929

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

Mail Stop PT-PMO-A
Kennedy Space
Center, FL 32899
(407) 867-3017
Patent Counsel:
James O. Harrell
Mail Code PT-PAT
Kennedy Space
Center, FL 32899
(407) 867-2544

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

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

Technology Utilization
Officer: Donald S.
Friedman

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

Patent Counsel:

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

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

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

Patent Counsel:

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
Space Flight Center
Technology Utilization
Officer: Ismail Akbay
Code ATO1

Marshall Space Flight
Center,

AL 35812

(205) 544-2223

Fax (205) 544-3151
Patent Counsel:

Bill Sheehan

Mail Code CCO1
Marshall Space Flight
Center,

AL 35812

(205) 544-0021

Lyndon B. Johnson
Space Center
Technology Utilization
Officer: Dean C. Glenn
Mail Code 1C-4
Houston, TX 77058
(713) 483-3809

Patent Counsel:
Edward K. Fein

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

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

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

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

542-3265

If You Have a Question. . . NASA Scientific & Technical Infor-
mation Facility can answer questions about NASA's Technology
Utilization Network and its services and documents. The STI 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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When Your Mission C

lis For Video,

Call In The ‘ From Panasonic.

When it comes to industrial video, anyone can deliver a box. But
when your requirements call for a video solution, turn to the
problem solvers at Panasonic.

Panasonic has a proven line of professional/industrial video
products that can be utilized for everything from standard to
specialized applications.

Security/Surveillance—Panasonic delivers one of the industry’s
most extensive selections of innovative, high performance, UL
listed CCTV products and systems. From multipurpose CCD
color microcameras to 400-line resolution time-lapse recorders.
Training—Panasonic offers an assortment of presentation products
from integrated VCR/monitors to large screen multiscan video/
data projectors capable of 1,100 line RGB horizontal resolution.

Documentation—Panasonic covers your ENG/EFP video acqui-
sition requirements with modular camera systems, rugged

camcorder packages, VCR dockable 2 and 3 CCD color cameras,
plus the industry’s largest selection of industrial S-VHS and
VHS recorders.
Scientific—Panasonic manufactures a broad range of products
for special applications, including lightweight cameras designed
to interface with microscopes and non-destructive probes, as well
as cameras and VCRs that assist in high-speed motion analysis
of human and mechanical performance.
Servicing Dealers Coast To Coast—Panasonic has a national
network of trained industrial video dealers who are sensitive to
your everyday requirements. They are a key part of the Panasonic
professional service organization, providing replacement parts,
equipment training and technical support.

When it comes to industrial video, don't just settle for a box.
Call in the team from Panasonic.

Panasonic

Audio/Video Systems Group

For more information contact your local Panasonic Industrial Video Dealer. Federal Government Agencies: For your copy of the Authorized Communications
Schedule Price List call or write the Government Marketing Department, Panasonic AVSG, 52 West Gude Drive, Rockville, Maryland 20850. 301/738-3840.
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GTO/FET Cascode Three-Terminal Switch

Neither external bias nor energy-storage components are required.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A three-terminal semiconductor switch-
ing circuit features high switching speed,
extremely high turnoff safe operating area
(an area in the current-vs-voltage plane),
moderately low forward (“on"-state) volt-
age drop, and efficient utilization of the sili-
con in the design of its components. The
circuit requires no external bias power and
contains neither inductors nor capacitors.
It is suitable for both hybrid packaging and
monolithic integration.

The circuit (see figure) includes a gate-
turn-off thyristor (GTO) and a low-voltage
(low-on-resistance) field-effect transistor
(FET-1) connected in series to form a cas-
code pair. The GTO is turned on via a sec-
ond field-effect transistor (FET-2) connect-
ed between the anode (A) and gate ports of
the GTO. Both FET’s have gates common-
ly connected to form a single control ter-
minal (G). Finally, a Zener diode (D,) s con-
nected between the gate of the GTO and
the source terminal (K) of FET1 to provide
a path for transient negative gate current
during turnoff.

When terminal G is made sufficiently
positive with respect to terminal K (e.g.,
+10 V), both FET1 and FET-2 are made
conductive. The turning on of FET-2 in turn
provides a conductive path from terminal A
to the gate of the GTO, thus turning the
GTO on. Once the GTO is turned on com-
pletely, the current through FET-2 is rela-
tively small because the voltage between
the anode and the gate of the GTO is then
small and the “on" resistance of FET-2 is

FET-2

=
o

The GTO/FET Cascode Three-Terminal
Switch can be made of commercially avail-
able, discrete components, as a hybrid cir-
cuit package or as a monolithic integrated
circuit.

TIDZ

xO-

relatively large.

When the voltage on terminal G is re-
duced sufficiently with respect to terminal
K(e.g.,0V), both FET1 and FET-2 become
nonconductive. When this happens, the
path for current within the GTO is switched
from anode/cathode to anode/gate. This, in
turn, forces minority carriers out of the
lower base and establishes a turnoff
mechanism that is independent of Miller
capacitance. This further results in a fast,

high-safe-operating-area turnoff of the
GTO. Results of tests indicate that this
mode of turnoff includes a voltage equal to
the peak off-state blocking voltage and a
current density of up to 800 A/lcm?2 The
safe-operating-area current density is a
function of the rate of change of current at
turnoff; as the rate of change of cathode
current is increased in magnitude, the
safe-operating-area current density in-
creases.

One of the reasons for the efficient utili-
zation of silicon is that FET-1 experiences
very low voltages (typically less than 10 V
peak, assuming “tight” packaging). This
means that available FET's rated at the
lowest voltages will suffice. This, in turn,
means that both low “on” resistance and
low cost can be achieved simultaneously.
Another reason is that FET-2 can be small
because the GTO provides substantial turn-
on gain, and turn-on current flows only dur-
ing small duty cycles. Finally, D, can be re-
latively small because low voltage (e.g., 3
V)and low duty cycles (typically less than 1
percent at 20 kHz) are involved.

This work was done by Wally E. Rippel of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 125
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 16]. Refer to
NPO-17865.

Porous-Floating-Gate Field-Effect Transistor

A new electrically erasable, programmable, analog memory element is proposed.

NASA's Jet Propulsion Laboratory, Pasadena, California

A porous-floating-gate, “vertical” field-
effect transistor is proposed as a program-
mable analog memory device that is espe-
cially suitable for use in electronic neural
networks. Analog value of the electrical
conductance of the device would repre-
sent a synaptic weight (strength of a synap-
18

tic connection) that could be repeatedly
maodified by application of a suitable writing
or erasing voltage.

The device is particularly suited for hard-
ware implementations of massively parallel
neuraknetwork architectures for two impor-
tant reasons. First, contrary to the conven-

tional three-electrode device configurations
of the field-effect transistors, the proposed
vertical transistor structure requires only two
external electrodes (terminals). This feature
would result in a substantial reduction in the
hardware complexity in implementing large,
high-density arrarys of such analog synap-
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Nicolet 400.

The only DSO with an
expandable 64K-250K
per channel memory

Sometimes, it doesn’t matter what kind of triggering you have.

If your DSO’s memory capacity proves inadequate, missing that rare event becomes a virtual
certainty. And that could prove costly.

This is precisely why we designed the high precision Nicolet 400 DSO Series with expandable
64K-256K memory per channel. (That’s 5 to 10 times more than the nearest competition.) And an
optional 44MB removable hard disk, also only from Nicolet: to make sure the 400 you buy doesn’t
draw a blank when you might need it most.

With seven different models and over 200 configurations, you’re able to choose the number of
channels, memory, speed and resolution right for you. Each 400 features a LEARN mode to help
automate test sequences, along with FFT and averaging for complete waveform processing. Even
an optional dual timebase, or powerful Nicolet-Windows™ PC software for instant remote control.

So learn more about the 400 soon. Send for details now, or call 1-800-356-3090.

.
Nicolet Test Instruments Division N 1CO et

5225 Verona Road, Madison, WI 53711-4495 INSTRUMENTS OF DISCOVERY
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tic-memory elements in cross-bar matrix
designs for neural networks. Second, the
use of tailored amorphous semiconduc-
tors (e.g., hydrogenated amorphous sili-
con, a-Si:H) provides a choice of a very
wide range of low conductivity values, dic-
tated by the overall power dissipation re-
quirements in the massively parallel neur-
al-network circuits.

The active portion of each transistor
(see figure) lies within the volume defined
by the crossing of row and column conduc-
tors (metallic thin-film wires) of a large ma-
_ trix of synaptic memory elements. One of
these conductors constitutes the source
electrode, while the other acts as a drain
electrode. The electrodes are separated
by a layer of a resistivity-tailored amor-
phous semiconductor (e.g., a-Si:H). The
porous “floating” gate is formed within the
amorphous semiconductor layer by em-
bedded insulated metallic particles (e.g.,
magnesium oxide covered magnesium
particles) close to the source electrode.

Typically, the amorphous semiconduc-
tor layer would be deposited by plasma-en-
hanced chemical vapor deposition, or
magnetron sputter-deposition techniques,
on top of the first set of parallel metallic
electrodes, patterned on a suitable sub-
strate (e.g., an oxide-coated silicon wafer).
The incorporation of the insulated metallic
islands in the semiconducting layer would
be accomplished by first depositing a thin
insulating layer over the source electrodes.
This is followed by depositing a discontinu-
ous layer of the selected metal on top of
the first set of electrodes and growing an
oxide over the metal islands prior to em-
bedding them in the semiconductor layer.
The deposition and patterning of the sec-
ond set of perpendicular metallic elec-
trodes on top of the semiconducting layer
would complete the device structure.

The insulated metallic particles would
therefore constitute the porous floating
gate. Because the thin insulating layers in
contact with the source would be quantum-
mechanical-tunneling barriers, they would
have nonlinear conductances. With the ap-
plication of a sufficient voltage (the writing
or erasing voltage) between the source
and the drain electrodes, electrons would
tunnel through the barriers, charging or
discharging the metallic islands. As in con-
ventional floating gate devices, the gate is-
lands retain their charges or remain dis-
charged once the writing or erasing voltage
is removed.

The charge retentivity in such a device
would of course depend on the quality of
the dielectric layer as well as on the nature
and characteristics of the metal-insulator
interface. The floating gate, made up of
several random disjointed islands, could al-
ternatively be formed by more exotic and
accurate lithographic techniques (e.g., elec-
tronbeam lithography). However, it is not
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SECTION A-A MAGNIFIED

Insulated Metallic Particles on the source electrode would constitute a porous floating gate.
The particles would be charged or discharged by quantum-mechanical tunneling during the

application of writing or erasing voltages.

necessary to arrange the islands in any
specific geometrical fashion with close tol-
erance, since even if some of the islands
(particles) were to “short” themselves with
the source electrode, the charge re-
tentivity of the overall porous gate would
not be significantly affected.

The overall conductance of the vertical
“channel” regions between the metallic
islands would be affected by the charges
stored at the islands. This conductance,
representing the content of the memory
element or effectively the synaptic weight,
would be continuously variable because
the charge could be varied continuously by
controlling the polarity, amplitude, and dur-
ation of the write and erase pulses. The
conductance would be sensed (the analog
content of the memory element would be
read) by applying a read voltage that is suf-
ficient to generate a measurable current
but much lower than the write or the erase

voltage, so that the read voltage has a neg-
ligible effect on the stored charges and the
analog memory.

This work was done by Anilkumar P.
Thakoor, Alexander W. Moopenn, and John
J. Lambe of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 131 on the TSP Request Card.

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

Edward Ansell

Director of Patents and Licensing

Mail Stop 305-6

California Institute of Technology

1201 East California Boulevard

Pasadena, CA 91125
Refer to NPO-17532, volume and number
of this NASA Tech Briefs issue, and the
page number.

NASA Tech Briefs, July 1990



Inframetrics infrared 1imaging:
to see, to quantify, to understand.
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Model 600 provides spot temperatures of
components on PC board. Line scan profil-
ing, isotherm contouring and area measure-
ment are all standard, without computer
interface.

Model 600 on the lab
bench. ..stalwart of
sophisticated radi-
ometers.

ThermaGRAM?® image of an automotive brake rotor.

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

7 , flaps; electrical system hot spots or excessive bear-
= ing friction; delamination in composite struc-
tures or shorts in a multilayer printed circuit
L M board...the infrared diagnostic technology
of Inframetrics systems will quickly give

you the answers you need.

Our concentration on practical infrared

imaging and temperature measurement —

the delivery of useful results, under

real-world conditions, at reasonable

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

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

IR signature of a fighter.

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

‘ Model 610 acquires the dual-band

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

Just consider the possibilities.

Inframetrics systems adapt to a wide variety of applica-
tions, including R&D, nondestructive testing, electronic
diagnosis, quality control, facilities maintenance and
medicine.

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

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

inframetrics........

16 Esquire Rd., No. Billerica MA 01862-2598 Offices worldwide
TEL 508-670-5555 « FAX 508-667-2702 « TWX 710-326-0659
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Technology so
advanced it will
change the
evolution of flight.

Superior Flight Speeds. For the high speed
demanded of the next generation of aircraft,
we now offer proprietary thermoplastic/
carbon fiber prepreg systems that can with-
stand operating temperatures of over 300°F.
These thermoplastic composite systems offer
design advantages essential for aircraft that
can fly higher, faster and with more fuel effi-
ciency than ever before.

Revolutionary Toughness. These new ther-
moplastic prepregs, based on polyarylsulfone,
polyamide-imide or polysulfone systems, are
among the most damage-tolerant composites
available. They provide exceptional impact
resistance, stiffness and strength as well as
high temperature resistance.

Processing Breakthroughs. Not only do
these materials offer rapid processability, they
offer the evolutionary advantages of
reformability, usable scrap, fusible parts and
patchable damage repair. Spot heat of 600°F
can be used to make them flow or reflow as
necessary. They will consolidate over a form.
They are available in woven fabrics up to 60"
or more, and as biaxial tapes up to 10’ in width.
Shelf I‘ife of these new materials is indefinite.

Historic Leadership. From the pioneering
years to today's cutting edge, Amoco's R&D
has been on the forefront of thermoplastic
composite technology. We offer one of the
broadest product lines available with operat-
ing temperature ranges from 200°F to 350°F
and beyond.

Call us. Ask us questions. The earlier you
involve us, the more we can help. You can
reach Amoco Performance Products Cus-
tomer Service at [-800-222-2448.

We can help you take flight into the future.

THE ALL AMERICAN SOLUTION

Amoco Performance Products
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Switching X-Ray Tubes Remotely
A convenient switch and relay circuit reduce the risk of accidents.
Marshall Space Flight Center, Alabama

A proposed switching circuit for an x-ray
inspection system would enable an opera-
tor to change electrical connections to
x-ray tubes remotely. Without the switching
circuit, the operator has to climb to an
equipment shelf 9 ft (3 m) above the shop
floor to change low-voltage cables and
coolant lines during a switch between
160KV and 320-kV x-ray tubes. With the cir-
cuit, the operator would simply change the
position of a switch (see Figure 1).

The switch would be mounted in a se-
lector box about 4 ft (1.2 m) above the floor.
There would be no need to climb a lad-
der — and perhaps fall from it — while
changing connections.

A cable would connect the selector box
to a changeover box on the equipment
shelf. Relay switches in the changeover
box would make the necessary powerline
connections to provide —160kV and water
coolant for the lower-voltage tube and both

160-kV X-Ray O,
Tube

—160 and +160 kV and oil coolant for the
higher-voltage tube (see Figure 2). The
chance of making the wrong connections
and thereby damaging the equipment —a
real possibility with a manual change-
over — would be eliminated.

This work was done by Ronald V.
Bulthuis of Rockwell International Corp. for
Marshall Space Flight Center. For fur-
ther information, Circle 27 on the TSP Re-
quest Card. MFS-29357
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Figure 1. An Operator Would Simply Flip a Switch on the
conveniently-located selector box to change x-ray heads. Indi-
cator lights on the selector box would show whether the 160
or 320- kV head is connected. Relays in the changeover box
would provide the proper voltages and coolants.

Figure 2. Relays in the Changeover Box would switch the low
(powerline) voltages to the high-voltage generators and cooling
units. Indicator lights on the selector box would show whether
the 160- or the 320-kV x-ray tube is connected.
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GaAlAs Traveling-Wave Electro-optical Modulators
Microwave signals modulate optical signals in a unit integrable with GaAs and GaAlAs devices.

Lewis Research Center, Cleveland, Ohio

Experimental GaAlAs electro-optical
modulators have been designed and built
for operation at a wavelength of 0.82 ym.
Unlike LINbO, devices, these modulators
are expected to be easily integrable with
GaAs monolithic microwave integrated cir-
cuits. Unlike modulators of pure GaAs,
these modulators do not exhibit the ex-
cessive absorption at 0.82 um that would
prevent the use of them with GaAs/GaAlAs
laser diodes.

Each modulator is configured as an opti-
cal-waveguide Mach-Zehnder interferom-
eter. Microwave modulation is applied to
two arms of the interferometer via travel-

24

ing-wave electrodes that constitute a co-
planar waveguide (see upper part of fig-
ure). Because the characteristic impedance
of the waveguide is 50 Q — a standard
value — no impedance-matching network
is required.

The modulator is fabricated on a GaAs
substrate. The problem posed by the ab-
sorption of 0.82-um light in pure GaAs is
solved by adding more than 10 percent of
aluminum to three layers of the modulator.
This forms GaAlAs, which shifts the ab-
sorption edge of the compound semicon-
ductor to a shorter wavelength. As a result,
all three GaAlAs layers are transparent at

0.82 um. The effect of the aluminum on the
electro-optical response is believed to be
insignificant.

The optical waveguides have the strip-
loaded ridge structure shown in the lower
part of the figure. Three layers of GaAlAs
with differing aluminum concentrations
were grown over a semi-insulating sub-
strate. The upper layer was etched to form
the loading ridge, but the optical signal
propagates in the middle layer. This config-
uration concentrates the light away from
the etched edges of the loading ridge,
reducing the intensity of light scattered by
the edges and thereby reducing the propa-

NASA Tech Briefs, July 1990
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gation losses. To prevent additional losses,
the first layer above the semi-insulating
GaAs is made thick enough to prevent the
extension of the signal into the substrate,
where it would otherwise be absorbed by
the GaAs.

The dimensions and placement of the
metal electrodes are chosen in combina-
tion with the dielectric properties of the
GaAs substrate to provide the required
modulating microwave field and the char-
acteristic impedance of 50 Q. Because
there is no doping, the substrate and the
three GaAlAs layers are semi-insulating,
there is no significant ohmic or rectifying
behavior in the waveguides, and all the

layers can be considered to be dielectrics.

The Ga, _ Al As layers were grown on
the GaAs, substrate by molecularbeam
epitaxy. The structures on the surface were
formed by standard photolithography using a
mask generated by an electron beam. The
wave-guiding ridges were defined by wet
chemical etching to a height of about 1,400
A. The electrodes were made by lift-off
techniques, using metals evaporated by an
electron beam.

Modulators performed as intended in
tests with light from a GaAlAs diode. Di-
rect-current measurements showed that
the turn-off voltage of a modulator is about

Intensity-Modulated
0.82um Light Out

MODULATOR

3-dB bandwidth+length product of 11.95
GHz for 100-percent modulation depth.

This work was done by Kul B. Bhasin of
Lewis Research Center and Christopher
M. Chorey and Altan Ferendeci of Case
Western Reserve University. Further infor-
mation may be found in NASA TM-100970
[N88-28240] “A High Frequency GaAlAs
Traveling Wave Electro-optic Modulator at
0.82um.”

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

30 V. Theoretical calculations indicate a by calling (800) 336-4700.  LEW-14866
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SECTION A-A

Integrated Optical and Microwave Waveguides in electro-optical materials constitute a traveling-wave electro-optical modulator in
the configuration of a Mach-Zehnder interferometer.

Tunable Quantum-Well Submillimeter-Wave Oscillators
Frequencies would be adjusted via applied voltages.

NASA's Jet Propulsion Laboratory, Pasadena, California

Tunable (Al/Ga)As electronic devices of
the proposed type would oscillate at fre-
quencies from 300 to 3,000 GHz. Hereto-
fore, it has been necessary to operate
relatively inefficiently in that frequency
range by generating harmonics from de-
vices that oscillate at lower frequencies;
and, to obtain higher powers, it has been
necessary to use arrays of such harmonic
generators. The new device concept offers
the potential to make relatively compact,
efficient local oscillators for heterodyne
mixers in submillimeter radar and imaging
systems, nondestructive testing, diagnosis
of plasmas, airborne spectroscopy of the at-
mosphere, detection of weapons and other
contraband, and communications.

A representative device would have the
layered structure shown in Figure 1. The
layers could be deposited by molecular-
beam epitaxy, with appropriate grading of
the Al composition of (Al/Ga)As to produce
the energy-band structure with two partial-
ly-exponentially-shaped quantum wells illu-
strated in Figure 2. Near the bottom of
each well, electron-energy levels would be

26
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Figure 1. The Tunable Submillimeter-Wave Generator would be a layered (Al/Ga)As device.

like those of the well-known harmonic os-
cillator, separated by an interval (the pho-
ton energy) proportional to the square root
of the curvature of the well at the bottom.

An electron current would be introduced
along the wells (parallel to the layers) from
the source contact. Electrons would be ac-

celerated to higher quantum levels above
the bottoms of the wells, then return to
lower levels, emitting monochromatic radi-
ation at the energies of the transitions be-
tween levels. The particular shape of the
wells shown in Figure 2 is chosen so that
the locations of the bottoms of the wells

NASA Tech Briefs, July 1990



AI&I’s DSP3 Parallel Processor:
N every cubic foot, a gigatlop.
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Give the AT&T DSP3* Parallel Proces- 25 megaflop processing engine, the powerful processing with the density
sor your toughest tasks—image pro- DSP3 can handle multi-gigaflop com- you need, look to the AT&T DSP3. It
cessing and object recognition, putational loads in a network configu- can cut your algorithm problems

ration of over 100 down to size. For more information,
With 1 gl‘ﬁ-’,zlll( p per gl_lbl(‘ foot, it (Igl;\'crs %rsoéezfg;z’: S : e f&ggour
the Lil:( I )lllh P ):: er and ldm'Tlll'\ you you extreme We've g( it solutions s
need 1 mplement your algoritnms flexibility: it can i 0 CO1ONCE Systems
in a variety of tactical hardware. be populated down to a science. Account
with one to Execu-
beamforming, neural networking, eight boards, each with 16 tive, or 1800 553-8805. (N.C. residents,
speech recognition, synthetic aper- processing nodes, providing call collect: 919 697-9580.)
ture radar—and it'll handle the prob- 400 megaflops of power and four *Developed in part under 2 DARPA sponsored contract
lem with speed and ease. megabytes of memory.

The DSP3 delivers 1gigaflop per AT&T’s DSP3 gives you access to
cubic foot of active area (up to 3.2 high-level language software such as a
gigaflops in a single array). With an C compiler and a wide library of sig-
advanced package that gives you 800 nal processing subroutines. And it
megaflops in only 9 cubic inches. leads the industry in price per

Speed? 40 megabytes/second megaflop. Plus, of course, you get the
on each of four channels for an unparalleled support and service of
aggregate bandwidth of up to 160 AT&T Bell Laboratories and AT&T Field
megabytes/second. Applications Engineers. : -

Capacity is also maximized. Using a So, for realtime parallel processing, The rg ht choice.
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and the curvatures of the wells at those
locations depend on the electric field.
Thus, a change in the electric field would
change the photon energy; that is, the fre-
quency of the output could be tuned by ad-
justing the electric field.

To generate the frequency-controlling
electric field, the voltage —Vg would be ap-
plied between the common gate/drain con-
tact and the ground (substrate) terminal.
The voltage —Vg—Vs would be applied at
the source contact to inject electrons into
the wells.

The radiation would travel outward
along the planes of the quantum wells (per-
pendicular to the plane of Figure 1). The
radiation could be collected or focused
with conventional quasi-optical antennas
or reflectors. If the device were placedina
cavity with appropriate reflectors and if
there were sufficient gain through stimu-
lated emission, the device might act as a
laser that could be tuned through numer-
ous cavity modes over a wide spectral
range.

This concept was proposed by Joseph
Maserjian of Caltech and Arthur C. Gossard
of the University of California for NASA’s
Jet Propulsion Laboratory. For further
information, Circle 143on the TSP Request
Card.

NPO-17754

Figure 2. The Energy-Band Structure of
the device of Figure 1 could include two
(or more) quantum wells that could be ad-
justed via the applied electric field to ad-
just the frequency of radiation emitted by
excited electrons.

Circuit Regulates Speed of dc Motor
Two nested feedback loops maintain speed within 1 percent of a constant value.
Lyndon B. Johnson Space Center, Houston, Texas

Adriving circuit regulates the speed of a
small dc permanent-magnet motor in a
tape recorder. The circuit (see Figure 1),in-
tended for use where the motor is not
equipped with a tachometer and more-ela-
borate speed-controlling measures are not
justified, maintains the speed of the motor
within 1 percent of a constant value.

As shown in more detail in Figure 2, ana-
log circuits in feedback loops 1 and 2 cal-
culate the speed of the motor and com-
pare it with the desired speed.to obtain the
speed error. The error signal is then used to

Figure 1. Two Nested Feedback Loops
regulate the speed of a motor. The inner
loop provides coarse regulation, while the
outer loop removes most of the variation
in speed that remains in the presence of
regulation by the inner loop.
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If youre wondering how fast
a data recorder can be,

Just how fast is fast? It's a concept
that can change rather quickly. But in the
field of data recording, the definition of fast
is the Sony DIR-1000 high density digital
data recorder.

Because its revolutionary, compact
design utilizes the ANSI ID-1 rotary head
recording format, the DIR-1000 can fransfer
an enormous amount of information in a
surprisingly short fime.

It can also record and play back data

let usbring you up tospeed.

at six distinct speeds. Ranging from 10.7
to a blindingly fast 256 Mbits per second.
Which means the DIR-1000 can offer time
based expansion or contraction. With a cor-
rected bit eror rate of 1x10-"

The DIR-1000 can record on small, me-
dium or large cassettes. And because of its
high density recording format, it can record
up to 770 Gbits per large cassette.

Best of all, the DIR-1000 is a Sony.
Designed and built from the ground up by an

The Sony DIR-1000 utilizes standard
19mm digital tape cassettes
available in either small,
medium or large.

» 256 Mbits/sec.

* With a top speed
. 0f 256 Mbits/sec.,

the Sony DIR-1000
breaks new ground in

ye
- the field of data recording.

Sony’s single cassette is an easy, cost-
efficient way to store 100 GBytes of data.
acknowledged leader in digital technology.

To leam more about the DIR-1000, just
call 1-800-328-SONY.

After all, with the DIR-1000 top speed
of 256 Mbits per second, you won't be sur-
prised at how fast it makes Sony a leader in
the field of data recording.

SONY.

Sony Communications Products Company, 1600 Queen Anne Road, Teaneck, NJ 07666. © 1990 Sony Corporation of America. Sony is o registered rodemark of Sony.

DATA RECORDING
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adjust the current fed to the motor. In loop
1,R,and R, constitute a voitage divider be-
tween V,,and Vo4, and the resulting divided
voltage is applied tothe positive input of the
operational amplifier. Similarly, R; and R,
constitute a voltage divider between Vg
(the counterelectromotive force of the
motor) and Ve, and the resulting divided
voltage is applied to the negative input of
the operational amplifier. When R, is prop-
erly adjusted, R4/R, = R4/R, and Vet is
forced to equal V,,. However, Vo is direct-
ly proportional to the speed of the motor.
Therefore, the speed is made directly pro-
portional to V,,. Furthermore, the circuit
would be expected to smooth out varia-
tions in the speed by negative feedback
from the motor through R, and R to the
negative input of the operational amplifier.

In practice, the circuit of inner loop per-
mits some residual variation in speed, ne-
cessitating the addition of loop 2. In this
loop, the voltage at A is proportional to the
current through the 1-Q resistor, and the
constant of proportionality is chosen so
that this voltage is numerically equal to the
instantaneous voltage drop across the
motor resistance, R, when the motor is
running. The voltage at B is proportional to
the difference between the motor-terminal
voltage and the voltage computed at A.
This difference equals Vemy, Which is direct-
ly proportional to the instantaneous speed
of the motor. Thus, the voltage at B is pro-
portional to the speed of the motor. Be-
cause, in practice, the voltage at B has
large negative spikes that increase the var-
iations in speed, a peak-holding circuit is
added. This makes the voltage at C a
smooth analog of the speed.

This voltage is applied as input to an in-
tegrator and summer. “ — Vspeeq” IS propor-

PART OF LOOP 1
= AAA
Ry
Vin 75V oke |
Rz
100 ke,
Adjusted
to 417 k@ l
)
470 = | Vou
— _|_ S — —
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I Integrator
21e Test and Summer
5.62 ko 215k 7 A
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Equivalent | l 3
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Figure 2. The Motor-Driving Circuit compares the speed of the motor (as manifested in a
voltage) with a commanded speed (as expressed in a command voltage, — V,ee4) and ad-
justs the current supplied to the motor accordingly.

tional to the commanded speed and has to
be negative because the voltage at point C
is positive and the loop acts to null out the
voltage at the summing point.

_ Itis necessary to set the 100k poten-
tiometer for the best stability of the loops.
This is done by monitoring the “test” point
while adjusting this potentiometer. The op-
timum setting is on the edge between sta-
bility and instability, but it should be set a lit-
tle into the range of stability away from the
edge to protect against drift in the values of
components.

It is necessary to pick the exact value of
the series current-sampling resistor labeled
as 1 Q. This resistor is wound from copper
wire and is picked to be as close as prac-
tical to one-twentieth of the stalled-motor
resistance, R,,. This special resistor com-
pensates for variations in R, caused by
changes in temperature.

This work was done by Charles Weaver,
Robin Padden, and Floyd A. Brown, Jr., of
SRI International for Johnson Space
Center. For further information, Circle 53
on the TSP Request Card. MSC-21345
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AlAs Diffusion/Schottky Barrier on GaAs

Epitaxial semiconductor and metal contact films are deposited without interruption of vacuum.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

An ultrathin epitaxial film of AlAs can be
deposited on a GaAs substrate to serve as
a Schottky barrier and/or as a barrier to dif-
fusion. This barrier film is deposited without
interrupting the processing vacuum in
which the substrate was deposited and in
which any subsequent layers are to be de-
posited.

Rectifying metal/semiconductor con-
tacts, which are Schottky barriers, are
essential to most electronic devices based
on GaAs. Because such devices are sensi-
tive to contamination and handling during
fabrication, epitaxial growth techniques
(e.g., molecular-beam epitaxy) compatible
with ultrahigh vacuum are preferred. Un-
fortunately, when gold (the contact metal of
choice) is deposited directly on an epitaxial
GaAs film, the gold and GaAs interdiffuse,
causing the contact to become ohmic in-

30

stead of rectifying. Diffusion can be pre-
vented by exposing the substrate to air be-
fore depositing the gold, but this subjects
the substrate to corrosion, contamination,
and the risk of breakage.

In the new technique, the epitaxial film
of AlAs is deposited directly on the GaAs
substrate to a depth of only two atomic
layers — less than 1 nm thick. The film is

~ thin enough so that it does not constitute

an electronic barrier, but thick enough so
that it is expected to act as a barrier to the
interdiffusion of gold and GaAs. Such a film
might also be used as a barrier to the inter-
diffusion of dopants at heterojunctions.

In a demonstration, a substrate of GaAs
1 um thick was grown by molecular-beam
epitaxy. Without interruption of the vac-
uum, the two-monolayer AlAs film was de-
posited on the GaAs. The specimen was
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The Measured Current-vs.-Voltage curve of
the contact deposited with the AlAs barrier
indicates the presence of a Schottky barrier
0.85 V high. The straight current-vs.-voltage
line of a similar contact deposited without
the AlAs barrier indicates that this contact
is ohmic.
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Last Year, This Is How They Won The
IBM Supercomputing Competition.

Ist Place: 3-D reconstruction
of cochlea structure.
Car S. Brown and
Alan C. Nelson,
University of Washington.

Ist Place: Gas dynamics and
star formation in merging galaxies.
Kevin M. Olson,
University of Massachusetts.

N

XOPOLLAA /IOWAAb

category:adj | | category:n
gender: f gender: f
case: nom case:nom

Ist Place: Stretching and bending
of material surfaces in turbulence.
Stephen B. Pope and
Sharath Girimaji,

Cornell University;
Pui-Kuen Yeung,
Pennsylvania State University.

Ist Place: A dependency parser for
variable word order languages.
Michael A. Covington,
University of Georgia.

This Year, This Is How You Can.

r-------------_1

IBM Corporation

Danbury, CT 06811

Name

For information and an entry form, write to:
Supercomputing Competition Administrator

36 Mill Plain Road, Suite 404

Affiliation

Address

City
Phone

State Zip
FAX

L---—----------

Last year, the response was overwhelming.
So this year, the IBM Supercomputing Competi-
tion, with a new division, returns.

Created to discover, acknowledge and reward
gifted American and Canadian scientists and
engineers, this prestigious competition honors
those whose papers describe innovative
approaches to large-scale analysis and modeling.

Each paper must describe work using an
IBM 3090™ Supercomputer and/or the paper
must describe distributed or cooperative process-
ing in which IBM technical workstations are
linked to IBM mainframes.

The papers will be judged in five divisions:
Physical Sciences and Mathematics; Engineering;
Life and Health Sciences; Social Sciences,
Humanities and the Arts; and Computer Sci-

NTB

ences— Distributed and Cooperative Processing
(new division). Each division will receive a first,

second and third prize of $25,000, $15,000 and
$10,000, respectively. Also, a “PROCEEDINGS”
of selected papers will be published.

Contestants must register an abstract of their
paper by October 16, 1990. Those who have regis-
tered their abstracts must forward their papers by
January 15, 1991.

To select winners, IBM will retain a panel of
independent authorities in each division. Winners
will be announced by March 30, 1991.

For more information, contact your IBM
marketing representative or call the IBM Super-
computing Competition Administrator at (203)
794-1355, FAX: (203) 792-7507 in the U.S.;

(416) 758-4136 in Canada.

®

The competition is open to any individual or team working or living in the US. or Canada, excluding employees of the IBM Corporation, IBM Canada Ltd. and IBM-related companies and their
families. IBM is a registered trademark and 3090 is a trademark of International Business Machines Corporation. © 1990 I1BM Corporation.
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transferred under ultrahigh vacuum to a
metallization chamber, where a gold dot 10
nm thick was deposited from a filament.
The specimen was then removed from the
chamber.

The current-vs.-voltage curve of the
contact showed the desired rectifying be-
havior (see figure). The height of the barrier,
as deduced from this curve, is characteris-
tic of GaAs. This indicates that, as ex-
pected, the AlAs film is too thin to affect the
transport of electrons significantly. By use
of ballistic-electron-emission microscopy,
it was found that the spatial uniformity of

this diode is better than that of a Schottky
barrier formed on material exposed to air,
where the contaminated, oxidized surface
layer constitutes a nonuniform barrier to
diffusion and a barrier to electronic con-
duction.

This work was done by William J. Kaiser,
Frank J. Grunthaner, L. Douglas Bell, and
Michael H. Hecht of Caltech for NASA’s
Jet Propulsion Laboratory. For further in-
formation, Circle 127 on the TSP Request
Card.

In accordance with Public Law 96-517,
the contractor has elected to retain title to

this invention. Inquiries concerning rights
for its commercial use should be ad-
dressed to

Edward Ansell

Director of Patents and Licensing

Mail Stop 305-6

California Institute of Technology

1201 East California Boulevard

Pasadena, CA 91125
Refer to NPO-17796, volume and number
of this NASA Tech Briefs issue, and the
page number.

High-Voltage Digital-to-Analog Converter
Resistors in series are bypassed by optically isolated switches.
Marshall Space Flight Center, Alabama

A high-voltage 10-bit digital-to-analog
converter operates under computer con-
trol to put out voltages up to 500 V at cur-
rents up to 35 mA. The circuit includes a
high-voltage power supply which is used to
generate a high-voltage square wave at a
frequency set by the computer at a value
between 0.2 Hz and 10 Hz (see Figure 1).
The circuit is used to drive a 0.02-uF, 1-kV
capacitor at a slewing rate of 1 Vius to pro-
vide a signal for a robotic imaging system.

The circuit (see Figure 2) includes a
series string of resistors that controls the
regulated high-voltage supply. The high-
voltage-regulator section evolved from a
design in the National Semiconductor
Linear Applications Databook LB47. To set
the output voltage, the resistors are by-
passed as needed by ten optically isolated
electronic switches (photovoltaic relays)
controlled by the computer.

Figure 1. This Block Diagram illustrates
the use of the fast high-voltage regulator
to generate waveforms.

The power supply is protected against
short circuits by switching circuitry (not
shown in the figures) that turns it off when
the output current exceeds 35 mA. In addi-
tion, the circuit includes a “kill” switch to
deliberately blow the dc power fuse, if

necessary.

This work was done by Steven W. Huston
of Rockwell International Corp. for Mar-
shall Space Flight Center. No further
documentation is available. MFS-29605

Figure 2. The High-Voltage Digital-to-
Analog Converter, shown here in more
detail, corresponds to the portion of
Figure 1 bounded by the dashed lines.
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Electronic Switches -

A circuit is wrapped around a transformer core.

Marshall Space Flight Center, Alabama

Awelding-current indicator will be made
r surface-mounted components on a flex-

32

ible circuit board. The surface-mounted
devices make it unnecessary to drill holes

Small, Lightweight Welding-Current Indicator

in the circuit board to accommodate com-
ponent leads. The use of small surface-
mounted devices will result in a lightweight,
compact indicator circuit. To make the cir-
cuit even more compact, the flexible circuit
board will be wrapped around the trans-
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33-mA Constant-
Current Regulator

Secondary Winding 5
of Transformer
~ 2
TMPZ 5250
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ECG LED
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5334 ~20V Z:
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e o —t 50 mf,
’P 50 V
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Bridge Rectifier in
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The Flexible Circuit Board will hold a variety of components on its surface. After assembly, the flexible circuit will be wrapped to fit around the

transformer core.
former core used to sense the welding cur-
rent.

The surface-mounted devices are to be
bonded to the flexible board with solder
and/or epoxy. After the assembled circuit

(see figure) will have been tested, it is to be
wrapped on the transformer core and pot-
ted in a medium-viscosity room-tempera-
ture-vulcanizing compound.

This work was done by Steven W.

Huston of Rockwell International Corp. for
Marshall Space Flight Center. No fur-
ther documentation is available.
MFS-29622

Multiple-Dynode-Layer Microchannel Plate

Improvements include better performance and easier manufacture.

Goddard Space Flight Center, Greenbelt, Maryland

An improved microchannel-plate electron
image amplifier is made of a stack of dis-
crete microchannel-plate layers. In compari-
son with conventional microchannel plates,
the new plates are easier to manufacture
because there is no need to etch long, nar-
row holes, to draw and bundle thin glass
tubes, or to shear the plates to give the mi-
crochannels the curvatures necessary for
reduction of undesired emission of ions. Fur-
thermore, whereas the high electrical resis-
tance of a conventional microchannel slows
the rate of recharging after each signal pulse
so that a typical photon counter in which
it is used is limited to a few tens of counts
per second, the new design provides for
relatively fast recharging of the microchan-
nel dynodes, with consequent enhance-
ment of performance.

Each layer consists of an insulating plate
perforated with a complete two-dimensional
array of microchannel holes, aligned with
a conductive plate containing a matching
set of holes. Typically, the holes in the insulat-
ing plate taper from larger diameter on the
cathode side to smaller diameter on the

NASA Tech Briefs, July 1990
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Guide Bar for Stacking

“ 4 7 !
W =
N

W

PARTIAL CROSS SECTION OF MULTILAYER STACK

Discrete Dynode Layers Are Stacked with a
slight offset from layer to layer to form a micro-
channel plate with curved channels.

anode side. The conductive plate is attached
to the anode side, and the holes in it are
smaller than those in the insulating plate (see
figure). The holes in the insulating and con-
ducting plates can be made by well-known
photolithographic and etching techniques.
Alternatively, the conductive layer can be
made by depositing metal on the anode sur-
face of the insulating plate. In that case, de-
position can be performed at a shallow angle
while the plate is rotated so that the con-
ductive material is deposited part way into
the holes to the optimum depth for accelera-
tion of electrons.

A secondary-emitting surface is formed
in the holes by deposition either before or
after stacking the layers. If the insulating
layer is made of glass, gradients of electro-
static potential and secondary-emission char-
acteristics can be modified by treatment in
a hydrogen furnace before, or instead of,
coating with a secondary-emitting layer.

The layers are stacked in staggered fash-
ion to effect the required curvature (see fig-
ure). This can be done easily; for example,
by aligning the edges of the layers with a
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guide bar. The layers can be simply clamped
together, fused together by hot pressing, or
perhaps bonded with adhesive to form the
multilayer microchannel plate. The conduc-
tive layers are connected to the source of
accelerating potential by a resistive voltage
divider, with the most-negative voltage tap
connected to the conductive layer nearest
the input (cathode) side and the most-posi-
tive voltage tap connected to the conduc-
tive layer nearest the output side. The resis-
tors in the divider can be chosen to allow
rapid recharging after each signal pulse.

This work was done by Bruce E. Woodgate
of Goddard Space Flight Center. For fur-
ther information, Circle 114 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 page16].
Refer to GSC-13203.

Spectroscopic Analysis of Insulating

Crystal Fibers

i

A new method provides rapid characterization

of optical properties.

Langley Research Center, Hampton, Virginia

Crystal fibers can be grown more rapid-
ly and less expensively than can crystals
produced by more conventional methods.
However, because they are smaller and
less uniform, measurements of their opti-
cal properties are more difficult. Accord-
ingly, a new technigue for determining the
optical properties of insulating single-
crystal fibers has been developed and ap-
plied to sapphire, spinel, and YAIO crystal-
line host fibers doped with triply ionized
titanium.

The fibers, grown by use of a pedestal
heated by a laser, were about 1 mm in

Delta ll

Floating Point Processor

= 3 Science Applications
! termtional Corporation
~

34 Circle Reader Action No. 692

diameter and 5 cm long. Two faces were
polished parallel to the axis of each fiber
studied. Laser light was injected perpen-
dicular to the axis, and the laser-induced
fluorescence emerging from the ends of
each fiber was measured. Measurements
were also made of the absorption spectra
and of the fluorescence lifetimes of these
fibers. Typical fluorescence spectra are
shown in the figure.

The variety of defects found in large
single crystals is also found in the crystal
fibers, wherein the effect on the transmis-
sion of light is exaggerated because of the
sizes of the fibers. Furthermore, these fi-
bers are large enough to support the prop-
agation of multiple modes. Thus, signifi-
cant scattering may be expected. One
would also expect interference and con-
version of modes, both caused by defects
and nonuniformities in the cross sections
of the fibers, to complicate the measure-
ments of absorption.

Astatistical treatment of the transport of
radiation through fibers was performed to
account for multiple scattering and in-
terference. In this analysis, the effects of
multiple scattering were treated as those
of a length-dependent reflection from the
bulk and combined with Fresnel surface
reflection to enable the prediction of ab-
sorption and emission characteristics.
Analysis of the data indicated that this new
technique can provide rapid characteriza-
tion of the optical properties of single-
crystal insulating fibers.

This work was done by A. M. Buoncristiani
of Christopher Newport College and Addison
T. Inge and C. E. Byvik of Langley Re-
search Center. For further information,
Circle 5 on the TSP Request Card.
LAR-13831

YAIO Spinel

Sapphire

Intensity, Arbitrary Units
T

|
750 1,000
Wavelength (nm)

g

These are Typical Fluorescence Spectra of
single-crystal fibers of the indicated ma-
terials. The fibers are doped with triply ion-
ized titanium.
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Neural-Network Computer Transforms Coordinates
Complicated transformations can be learned from few examples.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A numerical simulation has demonstrat-
ed the ability of a conceptual neural-net-
work computer to generalize what it has
“learned” from a few examples. The ability
to generalize is achieved with even a sim-
ple neural network (relatively few neurons)
and after exposure of the network to only a
few “training” examples.

One general concept calls for layers of
neurons, the collective function of which

X 01
Inputs Outputs
y B2
Input Hidden Output
Layer Layer Layer
(2 Neurons) | (32 Neurons) | (2 Neurons)

| Y

End Point x, y

Figure 1. The Three-Layer Neural-Network
Computer was simulated in a test of its
ability to “learn” to transform pairs of
Cartesian (x, y) coordinates to correspond-
ing joint-angle (,, 6,) coordinates.

Figure 2. Random Points on a Circle in
Cartesian coordinates were mapped into
joint angles by the simulated neural net-
work of Figure 1 after “training” the net-
work with various numbers of examples
of mappings. The ability to obtain fairly
accurate mappings after only a few train-
ing examples might be used to provide
solutions to otherwise intractable map-
ping problems.
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Close-up demonstrates one of many
analysis functions exclusive in this
price range to the Fluke PM 3323. Input
is uppertrace. Lower trace is dV/dt.
Cursors show input slewrate.

Herés the picture Tek &

For the full picture, true high per-
formance DSOs must provide superior
signal capturing, exceptional analytical
power, plus automation. The Fluke

PM 3323 does. The competition doesn’t.

Digital Storage Oscilloscopes promise
great advantages over analog scopes.

But fuffilling that promise means carefully
choosing the best DSO performance for
your budget.

With the PM 3323 you get all the acquisi-
tion and analytical power you need to extract
a wealth of information from your signals.

Try getting the information pictured above
with the Tek 2440 or HP 54502A, and you'd
need them both. Plus, the PM 3323 can give
you all this performance within your current
automated test environment.

Signal Acquisition.

Before you can analyze signals you have
to capture them. Here the PM 3323 stands
alone. You get a wide 300 MHz bandwidth
for capturing repetitive signals. You get
500 MS/s real-time sampling for single-
shot events, even to a fast 50 MHz*

For even the fastest transient signals,
you get 2 ns horizontal resolution,
a1.17 ns risetime, and a 3 ns
glitch capture function.

Added features including
automatic dc offset and digital
delay let you really zero in
on the signal you want. All
with precise 10 bit vertical
resolution and easy-to-use
AUTOSET.

*At 10 samples per period

Signal Analysis.

With the processing power of 2 AT-type
computers, the PM 3323 lets you analyze
signals, not just look at them.

Going far beyond amplitude and time
measuiements like RMS, Rise/Fall time, and
frequency, the PM 3323 provides advanced
functions such as integrate for area, differen-
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exhibits properties typical of real neural
systems. The first layer is the input layer,
the last layer is the output layer, and the in-
termediate layers are called “hidden”
layers. The total excitation of the /th neuron
in the nth layer is given by

En,i =Z 7'n, I,[Un—1./'

where U, _4, j represents the output of the
jthneuroninthen —1stlayer,and T, ; ;rep-
resents the strength of the connection be-
tween the ith neuron in the nth layer and
the jth neuron in the n —1st layer. The out-
put of the /th neuron in the nth layer is given
by
U, ;= [1+exp(-E, h gl

These equations describe a signal as it
“feeds forward" through the network. That

is, when the network is given some input, it
responds with some output based on the
values of its connections.

Many different learning rules have been
developed for the self-organization of
neural networks. The rule used here is a
modification of a back-propagation algo-
rithm. The difference between the desired
output and the actual output of a neuron in
the output layer for a given input to the net-
work is added to a cumulative error signal
that is used to reassign the connections T.
During the learning phase, these connec-
tions are adjusted so that the differences
between the outputs of the network and
the desired outputs are eventually mini-
mized in a least-squares sense.

The simulation was conducted to test
the ability of the conceptual neural network

to generalize to obtain a two-degree-of-
freedom topological transformation from
the Cartesian coordinates of the end of a
two-dimensional, two-rotary-joint robot
arm to the joint-angle coordinates of that
arm (see Figure 1). The network was given
a few “training” examples of sets of cor-
responding coordinates, then asked to
compute the joint angles that correspond-
ed to points not in the original training set.
Figure 2 shows how well the simulated net-
work mapped a set of random coordinates
on a circle, for various numbers of ex-
amples used to train the network.

This work was done by Gary M. Josin of
Neural Systems, Inc., for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 142 on the TSP Request Card.
NPO-17753

Multibeam 1.4-GHz Pushbroom Microwave Radiometer

An airborne prototype radiometer exhibits high spatial resolution.

Langley Research Center, Hampton, Virginia

The measurement of multiple geophysi-
cal parameters from orbiting spacecraft
that achieve high spatial resolution, global
coverage, and frequent revisits is very im-
portant and useful in agriculture, hydrology,
and weather- and climate-forecasting ap-
plications. In particular, such geophysical
parameters as soil moisture, sea-surface
temperature, windspeed, rain rate, amounts
and properties of snow and ice, and atmos-
pheric parameters can be measured by
use of microwave radiometers. High spa-
tial resolution and wide across-track cover-
age can be achieved simultaneously by
use of multiple narrow beams, which can
be either scanned across track or fixed
across track in the so-called “pushbroom”
configuration. An airborne prototype of a
multiple-beam pushbroom microwave ra-
diometer (PBMR) has been developed by
the NASA Langley Research Center to ad-
vance the radiometric technology neces-
sary for remote sensing of geophysical pa-
rameters.

The figure shows a simplified block dia-
gram of the PBMR. The antenna is a 64-
element (8 by 8) array of Vdipoles with a
stripline feed network for producing multi-
ple beams. The V-dipole was selected as
the element of the array because its radia-
tion pattern is nearly circularly symmetri-
cal about the axis of the beam and be-
cause its projected length at resonance is
shorter than that of a linear dipole, allowing
closer physical spacing of the elements.

An L-band front end provides the equip-
ment for injection of noise, input filtering,
Dicke modulation, and amplification. The
mixer-and-amplifier stage is used to down-
convert the desired frequency band to dc
(homodyne receiver). A 1.413-GHz local
oscillator is used to perform the down-con-
version.
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The PBMR Was Developed To Demonstrate Technologies that may be desirable in
pushbroom radiometry and to demonstrate the pushbroom concept in an airborne

prototype.

The amplifier/square-law-detector stage
provides an output voltage proportional to
the input noise power. The analog signal
processor then performs band-pass filter-
ing and Dicke correlation of the noise
signal, as well as low-pass filtering, before
sampling by the digital processor. The digi-
tal signal processor provides the appropri-
ate algorithm for optimum loop filtering and
estimation of data. The digital signal proc-
essor also provides timing for Dicke switch-
ing and sampling of data.

The PBMR was designed to conform to
requirements developed in conjunction
with NASA Goddard Space Flight Center
personnel involved in the study of the re-

mote sensing of soil moisture. The instru-
ment has been used in several joint Langley
Research Center/Goddard Space Flight
Center/United States Department of Agri-
culture soil-moisture flight experiments in
Virginia, Texas, and California. The PBMR
data from those experiments are being used
to modify, develop, and verify the algo-
rithms used to predict soil moisture from
remote-sensing measurements. The im-
age data obtained from those flights may
also be useful in the study of the effects of
characteristics of beams on radiometer
imaging data.

A study using theoretical models and
PBMR images to quantitatively link spatial
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characteristics of antennas to the accura-
cy of radiometric soil-moisture-image data
would be extremely beneficial and is sug-
gested as a future subject of research.
Thus, in addition to the demonstration of
possible pushbroom technologies, the
PBMR is a useful remote sensing tool and
engineering “testbed" for research in radi-
ometry.

This work was done by Roland W.
Lawrence, Marion C. Bailey, Richard F.
Harrington, Chase P. Hearn, and John G.
Wells, Jr, of Langley Research Center
and William L. Stanley of Old Dominion Re-
search Foundation. Further information
may be found in NASA TM-89005 [N87-
11105], “Design and Development of a
Multibeam 1.4 GHz Pushbroom Micro-

Air-Velocity Sensor for Helicopter
The speed and direction of motion are measured accurately, even when the speed is low.
Langley Research Center, Hampton, Virginia

Because of the multidirectional capabili-
ty of a helicopter and the invariable pres-
ence of the rotor downwash, it is difficult to
measure the true airspeed of a helicopter.
A typical method involves the use of an
airspeed indicator that senses and indi-
cates the difference between impact pres-
sure and static pressure as measured by a
pitot-static tube assembly. Because these
pressures are extremely low at the low
airspeeds at which helicopters often oper-

ate, speeds below 40 kn (21 m/s) are diffi-
cult to measure accurately. Also, a pitot-
static tube assembly is usually installed in
the rotor downwash, leading to inaccurate
readings; and the airspeed is defined only
in the direction in which the tube assembly
is pointed, while a helicopter can move
sideways and backward as well as for-
ward. Consequently, a new airspeed sen-
sor has been conceived for the accurate
measurement of both the airspeed and the

wave Radiometer.”

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-14023

direction of flight of a helicopter.

The figure illustrates the concept. A
pressure transducer measures the differ-
ence between the impact and static pres-
sures at the tip of the rotor blade by use of a
conventional pitot-static-tube assembly.
This assembly is oriented to face in the
direction of the tangential velocity vector of
the tip of the blade. The impact pressure
sensed by the pitot tube consists of two
components: a steady component due to
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The Direction of Motlon of the helicopter is displayed by the lighting of one of a series of lamps that encircle adigital display of the airspeed.
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the rotational velocity of the rotor and an
alternating component due to the linear
velocity of the helicopter, because the
linear velocity of the helicopter is added to
the velocity of the tip as the tipmovesin the
direction of helicopter motion and is sub-
tracted as the tip moves in the opposite di-
rection.

The alternating component is extracted
from the total-pressure signal and used to
drive an indicator that shows the airspeed
of the helicopter. The phase of the alter-
nating signal, when compared to the rota-
tional position of the rotor with respect to
the frame of the helicopter, is used to drive
another indicator that shows the direction
of motion of the helicopter. Since the
pressure sensed by the pitot-static tube is
the sum of the tangential velocity of the tip
of the rotor and the horizontal velocity of
the helicopter and since this pressure is a

squared function of the velocity of the tube,
the amplitude of the cyclic pressure com-
ponent due to the horizontal velocity of the
helicopter is several orders of magnitude
greater than the steady pressure that
would be obtained from a pitot-static tube
fixed to the airframe. This feature greatly
improves the sensitivity of the instrument
to very low airspeeds.

In the system shown in the figure, the
electrical output from the transducer is first
passed through a passive high-pass filter to
remove the steady component. It is then
amplified to a usable level and passed
through a digital band-pass filter to remove
noise and clean up the signal. The center
frequency of the digital band-pass filter is
set by its clock frequency, which is a large
multiple, typically 100, of the desired cen-
ter frequency. The clock frequency is gen-
erated by a digital pickoff on the shaft of the

rotor so that the center frequency of the
filter is always set at the rotor frequency.
The filtered signal is rectified, passed
through a linearizing circuit, and presented
to the pilot on appropriate displays.

An analog-to-digital converter trans-
forms the dc signal from the rectifier into a
digital format that is displayed to the pilot
on a conventional light-emitting diode or
liquid-crystal display as the airspeed of the
helicopter. The direction of motion of the
helicopter is displayed by a series of indica-
tor lamps selected by logic that measures
the phase angle of the pressure signal with
respect to the angular position of the rotor.

This work was done by H. Douglas
Garner and Richard F. Hellbaum of Lang-
ley Research Center. No further docu-
mentation is available.

LAR-13598

Fast, Real-Time, Animated Displays
A fourfold increase in the update rate is achieved.
Langley Research Center, Hampton, Virginia

The realistic simulation of the environ-
ment of an aircraft cockpit in a flight sim-
ulator requires dynamic instrument-panel
displays that provide flight information to
the pilot. These displays, consisting of
dynamic lines, polygons, and alphanumer-
ic characters, must have an animation-
update rate sufficiently high to provide a
realistic simulation of actual flight displays.

The displays for the Advanced Con-
cepts Simulator (ACS) at the NASA Langley
Research Center are generated on the
Adage Raster Display System 3000 (RDS
3000). Originally, the display programs
were written by use of straightforward
sequential programming techniques in
the IKONAS Display Language (IDL2).
(“IKONAS” was the former designation of
the RDS 3000.) The resulting animation-
update rate of 4 frames per second for the
primary flight displays was insufficient to
provide a realistic simulation.

To remedy this deficiency, an extensive
study of the programming techniques, lan-
guage implementations, and hardware
characteristics was carried out. Improved
programming techniques were developed,
and revisions to the language implementa-
tion were made. Both types of changes
took better advantage of the high-speed
characteristics of the RDS 3000 hardware.

Each of the three processors (see fig-
ure) in the RDS 3000 is designed to per-
form certain specialized tasks. The main
processor, the Bipolar Processor System
(BPS), is the master processor of the sys-
tem and is normally used to draw lines, pol-
ygons, and characters, as well as to per-
form system-control functions. The Matrix
Multiplier (MA1024) is a slave processor
that is designed to perform coordinate-axis
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The Speclal-Purpose Parallel Processor enables the rapid generation of characters.

transformations at high speed. The Aux-
iliary Graphics Generator (AGG4) is a sec-
ond slave processor that can be used to
draw characters at a rate higher than that
of the BPS.

Increases in speed have been achieved
primarily by operating the processors and
certain hardware functions, such as “bit-
map erase,” in parallel with each other
whenever possible and by revising the mi-
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crocode of the system. The revisions of the
microcode focused mainly on increasing
the speed of generation of characters. The
increases in speed resulted from (1) utiliza-
tion of the parallel-processing capabilities
of the AGG4 and (2) use of the AGG4 to
take advantage of certain high-speed
characteristics of the display memory that

were not previously used. The result was a
fourfold increase in the animation-update
rate to 16 frames per second.

This work was done by William M.
Kahlbaum and Katrina Ownbey of Langley
Research Center. Further information
may be found in NASA TM-4095, [N8%
19899] “High-Speed, Real-Time, Animated

Displays on the ADAGE®
Raster Graphics System."”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra fee
by calling (800) 336-4700. LAR-14140

RDS 3000

Programmable Cadence Timer
An electronic metronome would pace the users through a wide range of exercise routines.
Lyndon B. Johnson Space Center, Houston, Texas

A conceptual programmable cadence
timer would provide rhythmic aural and vis-
ual cues for exercisers. The timer would
automatically change its cadence accord-
ing to a program entered by the user. It
could also function as a clock, stopwatch,
or alarm.

The timer would have a variety of uses
in rehabilitative medicine, experimental
medicine, sports, and gymnastics. In physi-
cal therapy, for example, it would give pa-
tients flexible pacing for repetitive range-of-
motion exercises. It could also be used in
intermittent positive-pressure breathing
treatment, in which a patient must rhythmi-
cally inhale and retain medication delivered
under positive pressure; and in incentive
spirometer treatment, in which a patient
must inhale maximally at regular intervals.

The timer would consist of two modules
that could be joined as a unit or separated
for remote control (see figure). When
joined, the modules would be connected
by a single thin electrical cable. When sep-
arated, the modules might be connected
by the cable or by a line-of-sight infrared
data link. With the infrared data link, the ex-
ercise area could be kept free of wiring.
The modules would contain their own re-
chargeable-battery power supplies, and
the base module could also operate on ex-
ternal direct current or rectified alternating
current.

The base module would contain a con-
trol microcomputer, a touch-sensitive lig-
uid-crystal display (LCD) for programming,
a real-time clock, optical and audio drivers,

timers, memory, and hard-wire and wire-
less transmitting circuitry. It would have
controls for adjusting the brightness and
contrast of the display and an on/off switch
for power.

The audio-visual module would contain
a beeper for audio cues and a light-emit-
ting-diode (LED) blinker and an LED bar
graph for visual cues. The blinker and
beeper could be activated simultaneously,
signaling the user to perform a prescribed
movement. (The beeper could be silenced
if the user prefers.) The 10 segments of the
bar graph would light up in sequence to
prepare the user for a cue. For example, if
the cue cadence were set at a rate of 60
beats per minute, one LED segment would
light up every 6 seconds so that, at the end
of a +-minute cycle, all segments would be
lit and the blinker would flash. The bar
graph would then be reset, and the se-
quence would be repeated. (The bar graph
would not function unless the cable were
used to connect the two modules. Like the
beeper, the bar graph could be deactivated
if the user wants.)

Auser could program a block of up to 30
cadence regimes by entering the rate and
duration of each regime on the touch-sen-
sitive LCD. The timer could store up to 25
such blocks in its nonvolatile memory.
When the user selected a block, the timer
would execute each regime in the block in
the order entered and display on the LCD
the elapsed time for the regime and the
current clock time.

This work was done by William A. Hall

and John Gilbert of KRUG International for
Johnson Space Center. For further infor-
mation, Circle 450n the TSP Request Card.
MSC-21551
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General-Purpose Data-Formatting Input/Output System

Standardized modules connect a host computer to sources and sinks of data.
Langley Research Center, Hampton, Virginia

Amultiplexable input/output (1/0) system
has been developed as an interface be-
tween a host computer and a real-time,
fixed-base simulator cockpit. However, the
unit was designed to be a general-purpose
interface and can be operated through vir-
tually any 8- or 16-bit, transistor/transistor-
logic-level, parallel-//O port with or without
handshaking. It accepts byte-coded data in
the form of data blocks from a host compu-
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ter and routes the data to various system
I/0 modules like discrete outputs, lamp dri-
vers, and seven-segment-display drivers. It
also formats and routes data from input
modules back to the host computer.

The total system comprises a main cen-
tral-processing-unit (CPU) board, an inter-
face board, and the /0 modules (see
figure). The printed-circuit modules are
standard 5 by 7 inches (12.7 by 17.8 cm)in

size and fit into a standard 44-pin edge-
connector-card cage. The two main mod-
ules, the CPU and the interface board,
carry out the data formatting and data
transfer between the /O system modules
and the host computer.

The CPU module is based on an 8085
8-bit microprocessor with a bidirectional
data bus. It is served by 32K of read-only
memory for the operating system — so it

NASA Tech Briefs, July 1990



can be expanded — and 128K of random-
access memory with an address-decoding
mechanism for memory mapping of the
system |/O modules. This addressing
mechanism consists of three 8205 1-of-8
binary decoders that generate 24 chip-
enable signals corresponding to 24 preset
memory addresses. Each chip-enable sig-
nal selects an 8212 8-bit I/O port (there are
two per /O module), providing a maximum
capability of 12 /O modules per system.
The interface module is based on an
8255 programmable peripheral interface
configured for tristated outputs and serves
as an interface between the 1/O system
and any host computer with a parallel port.
This module also generates both pulse and

logic-level handshaking as well as micro-
processor interupts.

The 1/0 modules plug into a memory-
mapped bus structure that accommo-
dates up to 12 modules, in addition to the
CPU and interface modules, in any con-
figuration. Each 1/O module takes up 2
memory locations out of the 24 provided by
the addressing circuitry. Several individual
I/0 modules have already been designed
and implemented for this system, including
a discrete output or lamp-driver module, a
seven-segment-display-driver module, and
a discrete input module with switch-de-
bouncing circuitry that reads in such exter-
nal inputs as those from switches, and en-
codes the data for transmission back to the

host computer. Other modules are being
designed to drive alphanumeric displays
and communications interfaces and to
serve as analog-to-digital and digital-to-
analog converter modules.

This work was done by Anthony M.
Busquets and Thomas W. Hogge of Lang-
ley Research Center. No further informa-
tion is available.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Langley Research Center [see
page 16]. Refer to LAR-13529.

Data Bus

=)

<l

r ' Data

Data Peripheral
B Interface
Module

To and
From Host <

Computer
Handshake

8085

k l Signals |

24 Chip-Select Signals

(Memory-Mapped) A

Module ;,

il |

CPU

Address Bus

b Module

| 8212 I | 8212 l

I 8212| |8212 I

(e}
Module

Input/Output Modules Form a Multiplexor with a standard interface to the host computer.

Fiber-Optic Frequency-Transfer Link

Frequency is stabilized by phase conjugation.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A system for the distribution of a 100-
MHz reference signal features transmis-
sion through optical fiber to a station 22 km
away and stabilization of frequency by the
radiofrequency phase-conjugation meth-
od. The system compensates for varia-
tions in phase (caused mostly by changes
in temperature along the optical fiber) of
the signal arriving at the remote station. In
preliminary tests, a “breadboard” version
reduced the phase variations caused by
temperature changes of 20 °C by a factor
of 45. The goal for the fully developed sys-
tem is to maintain a stability of 1 partin 1017
during a 1,000-second averaging time.

In this system, the 100-MHz signal is
transmitted as modulation of an optical
signal. Part of the signal arriving at the re-
mote station is reflected back to the refer-
ence station (see Figure 1). The 100-MHz
signal undergoes a phase delay 6, during

NASA Tech Briefs, July 1990

transmission through the cable. The prob-
lem is to make the phase 6, of the
100-MHz signal at the remote station equal
the phase 6, of the reference 100-MHz
signal by advancing the phase of the trans-
mitted signal to compensate for the phase

delay in the fiber. In the phase-conjugation
method, this is done by measuring the
phase 6, of the transmitted 100-MHz signal
and 6, of the return 100-MHz signal and ad-
justing 6, until (6,+ 6,2 = 6,.

The system is shown schematically in
Figure 2. The reference station includes a
phase conjugator, a fiber-optical transmit-
ter, a fiber-optical receiver, a phase-locked

REFERENCE STATION REMOTE STATION
Phase Delay in Fiber = 84 Reflection
6t—~60 — 64
P———— _—
o~ S— ‘\/‘
660 + 61 =
61 /
Optical
Fiber

Figure 1. Stabilization by Phase Conjugation involves the measurement and control of the
phases of the transmitted and reflected signals at the reference station to obtain the refer-

ence phase at the remote station.
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loop (PLL), and a fiber-optical coupler. A
synthesizer supplies a 100-MHz signal and
a 20-MHz signal to the first mixer, which
multiplies these signals to produce 80-MHz
and 120-MHz signals. The first power split-
ter separates the signal out of the mixer in-
to two signal paths. A filter in each signal
path passes only one frequency so that
120 MHz is the output from one signal path
and 80 MHz is the output from the other
signal path.

The second mixer multiplies the 80-MHz
signal and the 100-MHz signal from the
voltage-controlled oscillator (VCO) to pro-
duce a 20-MHz intermediate-frequency
(IF) signal, which contains the instan-
taneous difference in phase between the
VCO signal and the 80-MHz reference.
Similarly, the third mixer multiples the 120-
MHz signal and the 100-MHz signal com-
ing from the remote unit to produce
another 20-MHz IF signal, which contains
the instantaneous difference in phase be-
tween the 100-MHz return signal and the
120-MHz reference signal.

The phase detector receives the two
20-MHz IF signals and produces a voltage
proportional to the difference in phase be-
tween them. The voltage is applied to the
VCO error input through the inner loop filter
(ILF). Changes in the delay in the optical fi-
ber result in changes in the control voltage.
This voltage thus controls the phase of the
VCO relative to the original 100-MHz refer-
ence signal. The second power splitter
divides the output of the VCO into two sig-
nals. The second mixer receives one of the
signals, while the other signal modulates
the optical carrier emitted from the laser
transmitter.

The modulated optical signal passes
through a two-way optical coupler into the
fiber. A 50/50 mirror at the remote station
reflects half of the optical signal back
toward the reference unit. The other half of
the optical signal passes through the mir-
ror to the receiver, which demodulates the
optical signal and amplifies the resulting
100-MHz radio-frequency signal. A PLL fil-
ters the signal, which is used as the remote
reference frequency. The reflected optical
signal returns to the reference station,
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Figure 2. The Phase Conjugator compares the phase 6, at the transmitter and 6, at the
receiver and uses a voltage-controlled oscillator to maintain the phase at the remote station

as close as possible to the reference phase §,.

where it passes through the optical coupler
and is detected by its optical receiver and
filtered by its PLL. The third mixer receives
the resulting 100-MHz signal, and this
closes the phase-control loop of the sys-
tem.

This work was done by L. E. Primas, R. L.
Sydnor, and G. F. Lutes of Caltech for
NASA’s Jet Propulsion Laboratory. For

further information, Circle 93 on the TSP
Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, NASA's Resident Office-JPL [see
page 16]. Refer to NPO-17703

Flux-Feedback Magnetic-Suspension Actuator
Flux density is maintained substantially constant.
Langley Research Center, Hampton, Virginia

The flux-feedback magnetic-suspension
actuator provides magnetic suspension
and control forces that have a linear trans-
fer characteristic between force com-
mand and force output over a large range
of gaps. Hall-effect devices are used as
sensors for an electronic feedback circuit
that controls currents flowing in the elec-
tromagnetic windings to maintain the flux
linking the suspended element at a
substantially constant value independent
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of changes in the length of the gap. This
technique provides an effective method for
the maintenance of a constant flux density
in the gap and is simpler than such previ-
ous methods as calculation of the current
required to produce a given flux based on
measurement of the gap.

The simplified schematic diagram shown
in the figure can be used to describe the
basic approach. Upper and lower electro-
magnets with currents /,, and /; produce

forces F,and F, on an element suspended
in the middle between the electromagnets
at a gap distance G, from the pole at the
face of the upper electromagnet. Because
this type of electromagnet produces an at-
tractive force only, two such magnets are
required to produce a bidirectional force. A
position sensor measures the displace-
ment G of the suspended element with
respect to the centered position. Informa-
tion on this position is required for active

NASA Tech Briefs, July 1990



control of the suspended element.

Under the customary simplifying as-
sumptions, the flux, @, in an electromagnet
is directly proportional to the current in the
coil of the electromagnet. The force pro-
duced by the upper and lower elements

can then be expressed as

Using these equations, the equations for
the flux-feedback approach can then be
developed. For a bearing-element pair of
electromagnets with differential control of
flux, the total force is expressed by
which can be rewritten as

Fr = K(®? —9?)

With differential control about a bias flux
®,, the fluxes in the upper and lower gaps
become

®,=d+d,

®, =0p=%
where &, is the commanded change in
flux. The substitution of these expressions
into the equation for the total force yields
Fr = K{[®3+ 20+ ®2] -

[®2 20,0+ ®2]}

which simplifies to

Fr = 4Ko b
By making the definitions
and
4Kd, = K¢

the total actuator-force output, F, as a
function of the command-force input can
be expressed by

Fr = KeFe

Applications include magnetic actua-
tors for control of the shapes and figures of
antennas and of precise segmented reflec-
tors, magnetic suspensions in devices for
the storage of angular momentum and/or
kinetic energy, and systems for the control,
pointing, and isolation of instruments.

This work was done by Nelson J. Groom
of Langley Research Center. Further in-
formation may be found in NASA TM-
100672 [N89-21135], “A Magnetic Bearing
Control Approach Using Flux Feedback.”

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

This invention is owned by NASA, and a
patent application has been filed. In-
quiries concerning nonexclusive or ex-
clusive license for its commercial de-
velopment should be addressed to the Pa-
tent Counsel, Langley Research Center
[see page 16].Refer to LAR-13785
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~ A Automatic Refilling System for Liquid Heli
Cryogenic experiments can be left unattended for days.

- Goddard Space Flight Center, Greenbelt, Maryland

A system automatically replenishes lig-  apparatus, experiments can run unattend-
uid helium in a cryogenic experimental ap- ed — during weekends, for example —
paratus as the liquid evaporates. With the  with less risk that the temperature will rise

um

To Helium-Gas To Helium-Gas

Cylinder Cylinder
To Storage To Storage
Dewar Dewar
Valve Positions:

A: Transferring Liquid Helium
B: Venting Helium Gas

Vent
Computer
_‘ Solenoid-Operated
L__ Transfer Tube O / Valve

Liquid-Helium-Level
Sensors: Silicon
Resistance
Thermometers

Liquid
Helium

Cylinder Containing
Pressurized Helium
Gas

Storage Dewar

Experimental Dewar

above the 4.2-K bailing point of helium for
lack of coolant.

A microcomputer monitors the level of
helium in the Dewar vessel in the experi-
mental apparatus (see Figure 1). When the
liquid helium falls to a preset level, the
computer commands the transfer of liquid
from a storage Dewar to the experimental
Dewar by commanding the pressurization
of the storage vessel with helium gas from
a cylinder. When the level of the liquid
helium in the experimental Dewar rises to
a preset maximum, the computer com-
mands the flow of gas to the storage
Dewar to stop and thus stops the transfer
of liquid to the experiment.

o

—
=

Avwb
Measuring
( ) Resistor

Figure 1. The Automatic Filling System transfers liquid helium from a storage vessel to an
experimental apparatus under computer control. Gaseous helium from a cylinder supplies
the pumping pressure.
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Figure 2. This Circuit Senses the Level of
Liquid Helium by sensing the voltage
across measuring resistors in series with
silicon resistance thermometers (SRT’s). A
low voltage indicates that an SRT is
covered, while a high voltage indicates that
it is uncovered.
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Six silicon resistance thermometers
(SRT’s) sense the level of liquid helium for
the computer. The SRT's are mounted
about 5 in. (12.7 cm) apart on a vertical rod
in the experimental Dewar. The SRT's are
connected in parallel to a source of volt-
age, and each is connected in series with a
measuring resistor (see Figure 2). The
SRT's immersed in liquid helium are colder
and, therefore, have resistances higher
than those of the SRT's above the liquid.
Consequently, the currents through the im-
mersed SRT's and the voltages across
their measuring resistors are less than
those of the SRT's above the liquid.

The minimum allowable level of liquid is
programmed into the computer. When the
SRT's signal that the liquid has fallen to that
level, the computer activates a solenoid

valve through a digital-to-analog interface,
which, in turn, activates the solenoid valve
that pressurizes the storage Dewar. The
pressure of the gas pushes liquid helium
out of the storage vessel, through a trans-
fer tube, and into the experimental Dewar.

As the liquid helium fills the experimen-
tal Dewar, it covers the SRT's in succes-
sion until it reaches the programmed maxi-
mum level. At this point, the computer cuts
power to the solenoid valve, and a spring
returns the valve to its nontransfer position,
where it connects the storage Dewar to a
vent. The excess helium gas then leaves
through the vent, and the flow of liquid
helium ceases. The valve remains in the
vent position so that vapor evolving from
the liquid can escape; because the valve is
spring-loaded, the vent stays open even if

electrical power fails.

If the storage Dewar runs out of liquid,
the computer continues to send warm heli-
um gas into the empty storage vessel. It is,
therefore, necessary to be sure that
enough liquid is stored for the expected
period of unattended operation. Alterna-
tively, the computer can be programmed to
stop the flow of pressurizing gas if the
SRT’s indicate that the level of liquid in the
experimental Dewar is falling during an at-
tempted refill.

This work was done by Aristides
Serlemitsos, Mark SanSebastian, Jay
Geagen, and Brent Warner of Goddard
Space Flight Center. For further informa-
tion, Circle 80 on the TSP Request Card.
GSC13270

Improved Radiography of Wooden Parts
Low-toxicity liquid penetrant increases absorption in defect regions.
Langley Research Center, Hampton, Virginia

A technique has been developed to in-
crease the radiographic contrasts of in-
herent latent defects in wood. Radiograph-
ic inspection of items fabricated of wood
has been traditionally very difficult be-
cause of the basic inhomogeneity of this
material. Local discrete changes in density
in the form of earlywood and latewood
growth bands selectively attenuate the
penetrating radiation and cause corre-
sponding variations in density on radio-
graphic films. When delaminations, cracks,
or other latent defects transcend the in-
spection areas, their images are superim-
posed on the already-confusing radio-
graphic images, making interpretation of
the images very difficult.

The new technique involves the intro-
duction of a radiopaque substance into the
defect site and subjecting the site to pene-
trating radiation. Radiopaque penetrants
have been used for many years toincrease
the contrasts of internal defects. However,

most of the penetrants used are severely
restricted in application because of two
basic disadvantages: toxicity, which can
make the penetrant extremely hazardous
for handling, and residual contamination,
which causes local staining and could
hinder any repair scheme. The radiopaque
penetrant that has been used successfully
for this technique is a commercially avail-
able fluorocarbon cleaning solvent, trichlo-
rotrifluoroethane, which has a favorable
toxicity-threshold-limit value of 1,000 parts
per million.

In the improved technique, an x radio-
graph is first made of the area of interest.
Then the low-toxicity penetrant is intro-
duced by the flooding, gravity-feed, capil-
lary action, or forced flow. The defect strata
are filled with the radiopague penetrant, in-
creasing the absorption of radiation only in
the defect region. The area is again radio-
graphed, and the “before” and “after” im-
ages are interpreted.

This technique has been successful in
depicting interlaminar shear cracks in a
large laminated spruce wind-tunnel fan
blade. These cracks, which were radio-
graphically invisible before the penetrant
was introduced, were detected through a
section thickness of up to 28 in. (71 cm).
The technigue could be applicable in the in-
spection of wooden aircraft components,
fan and wind-turbine blades, marine parts,
insulators, and other wooden components,
assemblies, and structures.

This work was done by Maggie L. Berry
and Robert F. Berry, Jr, of Langley Re-
search Center. For further information,
Circle 49 on the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Langley Research Center [see
page 16]. Refer to LAR-13724

Detection of Gas-Phase Polymerization in SiH, and GeH,

Inelastic scattering of light reveals conditions unfavorable
for the deposition of amorphous SiGe:H.

NASA's Jet Propulsion Laboratory, Pasadena, California

Inelastic scattering of laser light has been
found to indicate the onset of gas-phase
polymerization in the plasma-enhanced
chemical-vapor deposition (PECVD) of
photoconductive amorphous hydroge-
nated silicon/germanium alloy (a-SiGe:H)
film. In this PECVD process, the film is de-
posited from a radio-frequency glow-dis-
charge plasma of silane (SiH,)and germane
(GeH,) diluted with hydrogen. Gas-phase
polymerization is undesirable because it
causes the formation of particulates and

NASA Tech Briefs, July 1990

defective films.

The inelastic scattering of laser light
was first observed as a spurious broad-
band signal during in situ coherent anti-
Stokes Raman spectroscopy (CARS) meas-

The Abrupt Changes in the Intensity of
scattered light on each plot indicate the on-
set of formation of particles at the indi-
cated power levels. The formation of parti-
cles can be prevented by keeping the power
low.
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urements that were being performed to
determine closed-chamber disappear-
ance kinetics and steady-state (in flowing
gas) depletions of SiH, and GeH, in plas-
mas of pure and mixed gases. Although the
exact scattering mechanism was not es-
tablished, it was nevertheless observed
that the scattering signal gives a sensitive
indication of the formation of particles in

the radio-frequency plasma. For example,
the figure shows the intensity of scattered

light as a function of the radio-frequency
power for silane plasmas with various
rates of flow.

With the help of the CARS and inelastic-
scattering diagnostics, the conditions for
the deposition of a-SiGe:H films have been
optimized in the parameter space of radio-
frequency power density, rates of flow of
gases, and dilution with hydrogen. The opti-
mum conditions include low power density
(20 mW/cm?), high pressure [0.55 torr (70

Pa)], high rates of the flow of SiH,and GeH,
(28 and 5.6 standard cm3min), and a rate
of flow of hydrogen sufficient to provide
high dilution (100 standard cm3min).

This work was done by Yuh-Han Shing,
Joseph W. Perry, and Camillo E. Allevato of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 4
on the TSP Request Card.

NPO-17779

Improved Analysis of Heat-Pulse Data

Calculations of thermal diffusivity and heat capacity take
account of exponential pulses and losses of heat.

NASA's Jet Propulsion Laboratory, Pasadena, California

Equations have been derived toimprove
the analysis of experimental data in the

flash method for the measurement of ther-
mal diffusivity and heat capacity. In the
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Thermal Diffusivities as functions of temperature were calculated from flash-method meas-
urements on p-type Slo :G€, 2 specimens of five different thicknesses. The upper curve was
calculated from the experimental data under the assumptions of no loss of heat and zero-
duration pulse. The upper curve includes the corrections for the loss of heat and the ex-

ponential decay of the pulse.
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flash method, a pulse of radiant energy
from a flashlamp or other source is de-
posited on the front face of a small, thin
specimen, and the temperature of the rear
face is monitored as a function of time.
Previous analyses have accounted for
losses of heat from the specimen and for
pulses of various shapes and finite dura-
tions. The new equations account for both
losses and exponentially decaying pulses.

The mathematical model is based on a
flat slab specimen of thickness d of infinite
lateral extent. The rate of loss of heat to the
surroundings is considered to be propor-
tional to a dimensionless heat-loss param-
eter L and to the difference between the
temperature of the surface of the speci-
men and the ambient temperature. The
thermal parameters of the specimen are
the thermal diffusivity a and the thermal
time constant, t, = d?e. The difference
between the final temperature that the
specimen would attain if there were no loss
of heat (if L were zero) and the ambient
temperature is represented by T. The
pulse on the front face of the specimen
begins at time t = 0 and decays exponen-
tially with a time constant .

For this model, the exact solution of the
one-dimensional heat-diffusion equation is

i, =2

n=0

Bn cos(Bp) + L sin(Bp)
B2+12+2L

Bn

exp(—f2t/t,)—exp(— th)
LA pznmc

where T({) is the difference between the
temperature on the rear surface of the
specimen at time t and the ambient tem-
perature, and the f3,, are the positive roots
of

(B%2—L2tan (B) = 2LP

If /t .is small and when t/ris sufficiently
large, the exact equation can be used to
derive the following equations for the ap-
proximate thermal diffusivity , and for the
approximate value T, of the maximum
temperature rise T,

a,/d? = 0.13875[1 —
exp(1.8078 — 1.2407x)]ly
and

Tna/Tew = 1—exp(2.608 —1.2841x)
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wherex = (t,,—t,,—1.y =t, -1,
is the time at which T = T, and t,, is the
time at which T = T/2. The heat capacity

of the specimen can be calculated exactly -

from C = Q/T, or estimated from C =
(Tna T)Q/T,,, where Q is the amount of
heat deposited in the specimen.

The figure shows the results of meas-
urements taken on five specimens of p-
type SiggGey,. In the lower curve, where
the data are corrected for the loss of heat
and the finite duration and decay in the
pulses, the scatter in the calculated values
of thermal diffusivity is only 2 percent.

This work was done by C. B. Vining, A.
Zoltan, and J. W. Vandersande of Caltech
for NASA’s Jet Propulsion Laboratory.
For further information, Circle 139 on the
TSP Request Card.

NPO-17729

Programmable Multizone Furnace

Moving thermal gradients are created without mechanical motion.
Marshall Space Flight Center, Alabama

A furnace that has multiple, individually
programmable heating zones is being de-
veloped for use in experiments on direc-
tional solidification. The furnace holds a
rod specimen and generates thermal gra-
dients (see Figure 1) that move along the
specimen. Unlike in prior directional-
solidification equipment, the specimen and
furnace remain in fixed positions relative to
each other during the experiment. The
elimination of the translation mechanism
makes the furnace more compact and re-
duces vibrations, which can disturb the ex-
periment.

The furnace, shown schematically in
Figure 2, includes a cylindrical stack of
ring-shaped heating assemblies that in-
clude electrical heating elements, sup-
ports, and thermal insulation. The inner di-
ameter of the rings is 1.125 in. (28.6 mm)
and is intended to accommodate a speci-
men witha diameter upto 0.5in.(12.7 mm).
Pairs of adjacent heating assemblies are
connected in series electrically and physi-
cally, each pair constituting a program-
mable temperature-control zone. The
working core of the furnace [the electrody-
namic gradient (EDG) section] consists of
the middle 16 time-programmable zones.
The eight constant-temperature program-
mable zones on the ends (four at each end)
serve as buffers. Eight water cooling tubes
connect all the heating assemblies.

The furnace creates a moving tempera-
ture gradient by the coordinated control of
the temperatures in the heating zones. This
coordination is accomplished by use of a
commercially available process controller
executing a proportional/integral/deriva-
tive control algorithm, using the tempera-
ture measured in each zone by a thermo-
couple as feedback. The temperature in
each zone can be programmed to ramp
linearly to or from a set value in a specified
time or to remain at a set value.

Tests of a prototype revealed the advan-
tages and some disadvantages of this type
of furnace. Its flexibility is unquestionab-
ly an advantage; that is, the availability
of many different temperature profiles
through programming makes it a versatile
tool for research at low thermal gradients
[6 to 75 °Ciin. (2.4 to 30 °C/cm)] that travel
at moderate speeds [up to 10 in./h (25
cm/h)]. The principal disadvantages are

NASA Tech Briefs, July 1990

Temperature
Gradient High Temperature
®
Solidification Kot o 4
Temperature ~
: | Gradent = 1 4
Low Temperature '
L N RN i

' '

: 1

1

' ~——_Later

! ' Location

f 1
1
: Specimen
]
1
1
I
: Liquid
1

Liquid/Solid
Interface

Figure 1. This Moving Solidification Front is only one of many simple or complicated moving
temperature profiles that can be generated in the programmable multizone furnace.
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Figure 2. The Time-Programmable Temperature Controller regulates the temperature in
each of the middle 16 heating assemblies as a function of time to generate a moving temper-

ature profile.

high power consumption (typically > 3 kW)
and the high dependence of the gradient
and its motion on the control system.

This work was done by Edmund Y. Ting
and David J. Larson, Jr., of Grumman Cor-

porate Research Center for Marshall
Space Flight Center. For further informa-
tion, Circle 161 on the TSP Request Card.
MFS-28375
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Calibrator Blocks for Computerized Tomography (CT)
Holes of known size and location enable calibration of CT systems.
John F. Kennedy Space Center, Florida

Sets of calibrator blocks have been de-
veloped for use with industrial computer-
ized tomography (CT) systems. A set of
blocks (or a number of stacked sets of
blocks)is placed on the object table of a CT
system and scanned in the usual way (see
Figure 1). The blocks include holes of
known size, shape, and location. The ap-
pearance of these holes in the output im-
age of the CT system can thus be used to
verify the operation of the system.

Each set of blocks consists of three
nested rings surrounding a central disk
(see Figure 2). The rings and disk contain
square holes. In addition, each ring con-
tains a round hole of diameter equal to the
length of the side of the square. Plugs are
made to fit in the square and round holes.

Figure 1. ACT Sys-
tem Scans the cali-
brator blocks (e.g.,
with x rays ory rays)
in the same way in
which it scans an
unknown object.

Figure 2. The Set of
Calibrator Blocks in-
cludes plugs and
smaller inserts that
can be removed to
make round or
square holes of
known sizes and
locations.

Thickness (Perpendicular
to Page) 3/8 in. (10 mm)

I‘-HMT e
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Each plug contains smaller square holes of
three different sizes. Smaller plugs are also
made to fit in the smaller square holes.
Thus, by removing and inserting rings and
plugs, one can provide tomographic fea-
tures over a range of sizes to test and cali-
brate an industrial CT system. One can
also test axial resolution (the thickness of
the tomographic “slice” — typically, 1
mm) by scanning between two stacked

blocks with (or without) inserts at partial fill
from the interface.

The blocks, plugs, and inserts can be
made of any of a variety of materials — for
example, various metals and plastics. It is
desirable to have sets made of different
materials to cover the range of densities
that the CT system is expected to scan.

This work was done by H. Peter Engel of
EG&G Florida, Inc., for Kennedy Space

Center. For further information, Circle 39
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 Coun-
sel, Kennedy Space Center [see page 16].
Refer to KSC-11397

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.

Temperature Rises in
Pumps for Superfluid
Helium

The characteristics of
centrifugal and fountain-
effect pumps are compared.

A report discusses the increases in the
temperature of superfluid helium in cen-
trifugal and fountain-effect pumps. Such
pumps are intended for use in transfers of
superfluid helium in outer space. The in-
creases in temperature significantly affect
losses during transfers and are, therefore,
important in the selection of the tempera-
tures of supply tanks.

For the purpose of this study, the in-
crease in temperature in the fountain-ef-
fect pump is calculated on the basis of
thermodynamic considerations, starting
from the assumption of an ideal pump. The
results of recent tests of the ceramic ma-

product of this analysis is three equations:
one for the increase in temperature as a
function of the increase in pressure, the
measured efficiency of the pump, and the
temperature at the inlet; one for the effi-
ciency as a function of the rate of flow of
mass and the speed of rofation of the
pump; and one for the speed of rotation of
the pump as a function of the fate of flow of
mass and the increase in pressure.

The comparison of the equations for the
two pumps reveals four principal differ-
ences. First, the increase int turein
the centrifugal pumpis less than that in the
fountain-effect pump except at very low
flows and high increases in . Sec-
ond, the temperature at the t of the
fountain-effect pump depends only slightly
on the temperature at the inlet. Third,
under the conditions expected during the
cooling of a warm receiving tank, the cen-

trifugal pump has an operating character-
istic better than that of a fountain-effect
pump. Fourth, the centrifugal pump has an
optimum operating curve, near the curve
of maximum thermodynamic efficiency, for
which the increase in temperature is
minimized. Overall, the centrifugal pump is
more effective because it produces a
smaller rise in temperature.

This work was done by Peter Kittel of
Ames Research Center. Further informa-
tion may be found in NASA TM-100997
[N88-27507], “Temperature Rise in Super-
fluid Helium Pumps.”

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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Heré’s an Easier Way
to Do DSP!

For an easier way to do DSP,

consider our way: an integrated

And, for those really tough
problems, ask us about our

group of DSP products based on
the AT&T® DSP32C floating point
processor, Burr-Brown’s high
performance A/D converters, and
our DSP development and analysis
software.

application engineering services.

® Easy-to-use, fully integrated
system

® Single vendor source

® Smooth transition from prototype
to production

e Worries about DSP and analog
I/O are removed—attention can

terial intended for use in such pumps sup-
port this assumption.

The basic equations that describe the
thermodynamic characteristics of the
ideal fountain-effect pump are those of the
thermomechanical effect. The mode of op-
eration is assumed to be that of a constant
rate of input of heat. The combination of

_ : J be concentrated on solving the
the two basic equations for this mode problem

yields a new pair of equations that express ® Clear results—you know when
the operating characteristics of the pump: your design works.

(1) an equation for the increase in pressure
as a function of the rate of input of heat,
rate of flow of mass, and the temperature -
at the inlet to the pump and (2) an equation
for the increase in temperature as a func-
tion of the increase in pressure and the
temperature at the inlet.

The increase in temperature in the cen-
trifugal pump is also calculated on the
basis of thermodynamic considerations,
but ideal behavior is not assumed. Instead,
the measured operating characteristics of
a prototype centrifugal pump are inserted
in the equations to obtain an estimate. The

For complete details, write:
Burr-Brown Comp., P.O. Box 11400
Tucson, AZ 85734, Or, call toll-free
1-800-548-6132.

AT&T® DSP32C, AT&T Corp.

Signal Processing Solutions
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Equations for Isocaloric
Fountain-Effect Pumps

Operating characteristics of
leaky pumps are derived.

A report presents equations for the ther-
modynamical characteristics of leaky foun-
tain-effect pumps operating at constant
rates of input heating. The equations differ
from those developed previously for foun-
tain-effect pumps operating at constant dif-
ferences of temperature, in which the
pressure heads and rates of flow are inde-
pendent of each other.

The fountain effect, also known as the
thermomechanical effect, is the tendency
of superfiuid helium to flow through a capil-
lary tube in the direction of increasing tem-
perature. One stage of a fountain-effect
pump contains a porous plug, which sepa-
rates a source of superfluid helium at a
lower temperature, 7, from a region at a
higher temperature, T;, into which the fluid
is to be pumped.

The analysis begins with the basic equa-
tions of the thermomechanical effect. As-
suming that the rate of input heating is con-
stant, that the flow through the pump is
subcritical (below the onset of quantized
vorticity), that the temperatures vary slow-
ly, and that the viscosity and the ratio of
specific heat at constant chemical poten-
tial to entropy are independent of tempera-
ture, the author derives the equations for
the mass-flow rate and pumping pressure
of an ideal single-stage pump. This line of
analysis is then extended to describe an
ideal pump in which multiple stages are
connected by partially-heat-sunk vortex
tubes and the flows in the tubes are highly
turbulent.

Next, an effective thermal conductivity
is introduced to account for the heat car-
ried by the viscous leakage of normal (non-
superfluid) helium backward through the
pores of the plug(s). The equations of the
ideal single- and multiple-stage pumps are
modified to include this effect. The result-
ing equations can be used to calculate var-
ious measures of performance of a leaky
fountain-effect pump; e.g., pressure head

as a function of mass-flow rate, hydro-
thermodynamic efficiency, and transfer ef-
fectiveness (the fraction of pumped mass
remaining after a portion has been evapo-
rated to keep the process at constant tem-
perature). The following conclusions can
be drawn from the equations:

* The pressure head decreases monotoni-
cally with increasing rate of flow.

* The pressure head and rate of flow of a
leaky pump are always less than those of
an ideal pump.

* At low rates of flow, multistage pumps give
higher pressure heads than do single-
stage pumps. At high rates of flow, single-
stage pumps give higher pressure heads.

* The performance of a fountain-effect pump
improves dramatically as its temperatures
decrease.

This work was done by Peter Kittel of
Ames Research Center. 7o obtain a copy
of the report, “Operating Characteristics of
Isocaloric Fountain-Effect Pumps,” Circle
159 on the TSP Request Card.

ARC-11850

Astrometric Telescope
Facility for the
Space Station

The telescope would be
used to detect planets
outside the solar system.

A paper discusses the proposed Astro-
metric Telescope Facility, which would be
installed on the Space Station to study the
motions of stars other than the Sun and
thereby possibly detect planets around
them. The measurements are expected to
verify, modify, or refute current theories
about accretion of interplanetary clouds in-
to stars and planets. They may also help to
answer the question “Are we unique, alone?”

In addition, the Astrometric Telescope
would measure motions and distances be-
tween stars and star clusters in nearby
galaxies and in our own galaxy.

The facility would be constructed in
three parts that could be placed in orbit by
a single Space Shuttle mission. It could be

assembled in the service bay of the Space
Station, then moved and attached to the
coarse pointing system or assembled di-
rectly on the coarse pointing system. It
would be controlled from the Earth, requir-
ing only maintenance and repairs by the
Space Station crew.

The system would consist of six subsys-
tems (optics, structure, thermal control,
command and data, pointing and control,
and power and harness) in addition to the
focal-plane instrument composed of a
Ronchi ruling and drive assembly, folding
and field optics, multichannel astrometric
photometer, and visible imager. These
elements would be able to measure the rel-
ative motions of stars with an accuracy of
10 microarcseconds.

Raw data from the system would normal-
ly be transmitted to the ground for proc-
essing. However, there may be intervals
of several weeks when the Space Station
would not provide the necessary data-
transmission capacity of 1.75 megabits per
second. When this happens, a computer
on the Space Station would reduce the
data.

The image of a star field would be fo-
cused on the Ronchi ruling by the parabo-
loidal primary mirror of the telescope. The
ruling would modulate the image. A diago-
nal mirror would direct the modulated light
to the side of the telescope tube, where a
relay-lens assembly would magnify the im-
age from 5 to 12.5 cm, to make it large
enough for the 32 movable pickups of the
multichannel astrometric photometer.

According to a preliminary analysis, the
viewing required for the detection of
planets can be accomplished in about two-
thirds the total time available for viewing.
This would leave about 2,000 hours per
year for other astrophysical investigations.
The system would be designed for a life-
time of 20 years, with maintenance by the
Space Station crew at intervals of 5 years.

This work was done by K. Nishioka, J.
Scargle, and J. Givens of Ames Research
Center. To obtain a copy of the report, “An
Astrometric Facility for Planetary Detec-
tion on the Space Station,” Circle 158 on
the TSP Request Card.  ARC-11842
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Eagle found the answer.

Actually, they started working on the answers to our
stainless steel tubing problem before we had even
started to formulate the questions.

EAGLE STAINLESS TUBE CORP.

10 Discovery Way e Franklin Industrial Park
P. O. Box 596 * Franklin, MA 02038

1-800-528-8650
FAX: 508-520-1954
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TDU-1200F . TDU-1950F

We’re widening the
scope of hard copy
recording.

Raytheon has added a series of wide “flatbed” models to
its quality line of thermal hard copy recorders. The new
TDU-1950F and TDU-1200F units, in 19.5 inch (49.5 cm)
and 12 inch (30 cm) configurations, respectively, provide
enhanced vertical integration of data for a broad range of
specialized applications.

The flatbed models join Raytheon’s established family of
“free fall” thermal recorders — the TDU-850, with an 8.5

inch (21 cm) printing width, and the TDU-1200, witha 12

inch (30 cm) priating width.

Raytheon’s thermal recorders produce high resolution TDU-850

copy at high speeds and can generate full tonal images up
to 256 multi-shade levels of true grey. Alternately, they
can display digital data in crisp graphic or alphanumeric
form using an optional IEEE 488 interface.

Traditional uses include CRT hard copy, military surveil-
lance, spectrum analysis, LOFAR gram displays, ultra-
sonic production control, and facsimile transmissions.
New and evolving applications include support for
computer assembly testing and chromosome analysis

in genetic research.

TDU's print on paper, plastics or transparencies. They
feature clean, odor-free, maintenance-free operation.

Make hard copy easy with today’s most versatile and
reasonably priced thermal recorders. Call or write
Marketing Manager, Production Components,
Raytheon Company, Submarine Signal Division,
1847 West Main Road, Portsmouth, RI, USA
02871-1087. Phone 401 847-8000.

Raytheon
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Enhancement of Pt/SnO, Catalysts by Addition of H,0

Water vapor in pretreatment gas restores essential hydroxyl groups.

Langley Research Center, Hampton, Virginia

Platinum on tin oxide (Pt/SnO,) is a good
catalyst for the oxidation of carbon monox-
ide (CO) at temperatures from about 25 °C
to 100 °C. The activity of Pt/SnO, for CO ox-
idation is significantly enhanced by pre-
treating it at approximately 225 °C with a
reducing gas such as CO. However, such
pretreatment frequently causes an initial
dip in the activity of the catalyst before
the enhanced steady-state activity is
achieved, as shown in the figure.

The initial dip in the activity of the
catalyst is caused by dehydration of the
surface of the catalyst during the pretreat-
ment. Dehydration converts reactive hy-
droxyl (OH) groups on the surface to less
reactive doubly-bonded oxygen atoms.
The downward portion of the dip shows the
initial loss in catalyst activity as the few re-
maining hydroxyl groups are used up. The
ensuing upward portion results from re-
hydration of the surface by migration of
H,0 (or OH) from the bulk of the catalyst.

The dip in the activity of the catalyst can
be eliminated by rehydrating the catalyst
prior to use. The rehydration is accom-
plished by exposing the catalyst to a hu-
midified inert gas between pretreatment
and exposure to the CO/O,, reaction mix-
ture or by humidifying the reaction mixture
itself.

As the figure also shows, the humidifica-

tion of the catalyst not only eliminates the
initial dip in activitiy but also enhances the
steady-state activity as well. The possibility
that these observations apply to other
noble-metal/reducible-oxide catalysts is
currently being investigated. Such cata-
lysts are needed to maintain high output in
CO, lasers and are, therefore, of great
technological importance. This technique
would be useful in the manufacture of high-

power CO, lasers for industrial and scien-
tific uses.

This work was done by David R. Schryer
and Barry D. Sidney of Langley Research
Center; John D. Van Norman, Kenneth G.
Brown, and Jacqueline Schryer of Old
Dominion Research Foundation and Billy
I. Upchurch of Science and Technology
Corp. No further documentation is
available.

LAR-14084

Catalyst Pretreated With CO in He at 225°C
Reaction Gas Humidified With 0.1 Percent HpO

Yield of CO2

Catalyst Pretreated With CO in He at 225°C, Reaction Gas Dry

Catalyst Not Pretreated, Reaction Gas Dry

in He carrier

Pt/SnO2
1 Percent CO + 0.5 Percent O =——— CO2

Time

Pretreatment of a PtISnO2 Catalyst with humidified gas results in an improvement in the ac-
tivity of the catalyst, as manifested in the yield of CO, in the catalyzed reaction between CO

and 02.

High-Temperature Polyimide Resin

This material combines thermo-oxidative stability with autoclave processability.
Lewis Research Center, Cleveland, Ohio

An improved polyimide resin can be used
at continuous temperatures up to 700 °F
(371 °C)— 100 °F (56 °C) higher than previ-
ously possible with autoclavable resins.
The material, PMR-1-50, serves as a matrix
for fiber-reinforced composites.

With its high temperature rating, the ma-
terial can be used in such turbine engine
components as air-bypass ducts, vanes,
bearings, and nozzle flaps. Other potential
applications include wing and fuselage
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skins on high-mach-number aircraft and
automotive engine blocks and pistons.
PMR-II-50 is based on PMR-ll resin,
which was introduced in 1976. In the older
material, thermo-oxidative stability was
sacrificed for processability so that parts
could be formed from the material in an
autoclave. In the new material, a high-mo-
lecular-weight prepolymer is used to en-
sure thermo-oxidative stability in the
finished product. Moreover, the prepoly-

mer cures by an addition reaction and thus
readily yields void-free parts after process-
ing in an autoclave.

The new resin is available from two com-
mercial suppliers. At $400 per pound (1988
prices), it costs about three times as much
as do PMR-15 resins.

This work was done by Raymond D.
Vanucci and Diane C. Malarik of Lewls Re-
search Center. For further information,
Circle 65 on the TSP Request Card.
LEW-14923
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LARC:I-TPIl: a New Thermoplastic Polyimide

Improved properties enhance usability as an adhesive or in composite matrices.

Langley Research Center, Hampton, Virginia

“LARC-I-TPI" denotes an improved ver-
sion of the LARC-TPI class of thermoplastic
polyimides, which are high-performance
polymers developed for the manufacture
of strong, lightweight aircraft structures.
The melt-flow and adhesive properties of
the new polymers make them attractive for
use as matrix resins for composites, mold-
ing powders, adhesives, and coating films.
The new polymers are also less toxic: un-
like the polymers of the original version, the
improved LARC-I-TPI polymers are formu-
lated without 3,3"diaminobenzophenone,
which is mutagenic and commercially un-
available.

The original LARC-TPI polymers have un-
dersirably broad distributions of molecular
weights and contain amine and anhydride
functional end groups; these features re-
sult in poor molding properties and low
melt stability. The LARC-I-TPI polymers (see
figure) are high-molecular-weight 4,4"iso-
pthaloyldiphthalic anhydride-metaphenyl-
enediamine polymides, the molecular
weights of which are controlled through
selective end-capping to improve their ad-
hesive and melt-flow properties. An LARC-
I-TPI polymer is readily synthesized from
the isopthaloyldiphthalic anhydride mono-
mer (which is, itself, readily synthesized
and inexpensive) and metaphenylene-
diamine (which is commercially available,
nonmutagenic, and only slightly toxic).

The LARC-I-TPI polyimides have glass-
transition temperatures, film-forming abili-
ties, solubilities, and isothermal thermo-
gravimetric weight losses similar to those
of the original LARC-TPI. However, by pre-
paring LARC-I-TPI polyimides with suitable
end-capped and non-end-capped compo-
nents, one can obtain composite-matrix
resins, neat-resin moldings, and coating
films that have properties identical or
superior to those of the original LARC-TPI
polyimides.

In experiments LARC-I-TPI polyimides of
both end-capped and non-end-capped ver-
sions were dissolved in dimethyl aceta-
mide, and the resulting solutions used to
coat graphite fibers. After drying at a tem-
perature of 175 °C, the coated fibers were
consolidated into fiber/matrix composites
at 350 °C under a pressure of 300 psi (2
MPa). The end-capped version exhibited
superior melt flow. In other experiments,
films, adhesives, and adhesive tapes were
prepared.

This work was done by Terry L. St. Clair
and Donald J. Progar of Langley Re-
search Center and J. Richard Pratt of
PRC, Inc. For further information, Circle
163 on the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
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concerning nonexclusive or exclusive
license for its commercial development

should be addressed to the Patent
Counsel, Langley Research Center [see
page 16]. Refer to LAR-14101.
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The LARC-I-TPI Polyimides are isomers of the original LARC-TPI polyimides. The newer
LARC-I-TPI polyimides are made from less-toxic ingredients and have better and more con-
trollable processing properties.

ALGOR FEA—Design
and Stress Analysis $889*

For 286 or 386 desktop computers

* Finite Elements: truss, beam, 2-D solid, 3-D
solid, membrane, plate/shell, pipe, boundary,
rigid link, non-linear gap, thin and thick shell/
plate composites.

« Stress Analysis: point load, pressure, tem-
perature, accelerations, centrifugal ioads,
deflections.

* Dynamic Analysis: mode shapes, frequen-
cies, time stress history, response spectrum,
direct integration, random vibration.

* Heat Transfer Analysis: 2-D/3-D conduction,
convection, radiation, heat source, tempera-
ture, steady state and transient.

* Graphics: 3-D models; hidden line removal;
light source shading animation; stress,
displacement, temperature and flux contours
w/optional shading; deformations; pan; zoom;
node/element numbers; color.

* Modeling: 2-D/3-D mesh, cylinders, extru-
sions profile-path, warped surfaces; bound-
aries, loads, materials. SUPERDRAW Il and
parametric model generation.

*Full Capability, no size restrictions: 3-D
drawing, Computer Aided Design, solid
modeling, design visualization, finite element

stress analysis, and graphic post-processing.

GSA Contract #GS00K89AGS6270

Design the
future with

Stress contour on clip

Algor has the largest base of installed FEA
software in the world!

TEL: (412) 967-2700 FAX: (412) 967-2781

VYALGOR &

ALGOR INTERACTIVE SYSTEMS, INC.
260 Alpha Drive, Pittsburgh, PA 15238
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Reducing Run-in Wear of Ceramic-Based Coatings

A silver surface layer helps a rough ceramic slide smoothly.
Lewis Research Center, Cleveland, Ohio

Athin film of silver applied over the finish
ground surface of a plasma-sprayed, me-
tal/ceramic solid lubricant coating signifi-
cantly reduces the wear of counterface
materials during initial break-in or run-in
sliding.

The film is magnetron-sputtered onto
PS200, a selflubricating composite coat-
ing that contains a mixture of chromium
carbide, silver, and barium fluoride/calci-
um fluoride eutectic. The carbide in PS200
provides wear resistance, while the silver
and fluorides provide lubrication. The silver
in the coating is a good low-temperature
lubricant because of its low shear strength,
and the fluoride eutectic, which undergoes
a brittle to ductile transition at tempera-
tures above 500 °C, provides high-temper-
ature lubrication. Thus, the PS200 coating
is intrinsically lubricious from room tem-
perature to about 900 °C. However, the
PS200 coating exhibits high counterface
wear during an initial run-in period of
sliding. By applying additional silver as a
sputtered top coat over the PS200, the ini-
tial counterface wear is dramatically re-
duced. Also, because both the silver top
coat and PS200 are thermally and chemi-
cally stable in oxidizing and reducing en-
vironments to 900 °C, the combination is
appropriate as lubrication for cylinder-
wallfpiston-ring contacts in Stirling engines
and for backup lubrication for gas lubri-
cated journal bearings. These two applica-
tions have been successfully tested at
Lewis Research Center.

In the current research program, silver
films of various thicknesses were sput-
tered onto PS200-coated test disks. The
disks were tested in a pin-on-disk tribo-
meter. Friction and wear were measured
at temperatures of 760, 350,and 25°Cina
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The Pin-Wear Volume is reduced by more than half when the disk is lubricated with a layer of
silver 1,000 A thick. These data were taken at a sliding speed of 2.7 m/s and a force of 4.9 N be-

tween the pin and the disk.

helium atmosphere. Films between 1,000
and 1,500 A thick were found to provide the
best lubrication of the counterface (pin)
material (see figure). In this application, the
additional silver film acts as a break-in lubri-
cant, reducing the initial abrasivity of the
finish gound coating to the metallic coun-
terface (pin) material.

This work was done by Christopher
DellaCorte, Harold E. Sliney, and Daniel L.
Deadmore of Lewis Research Center.

Further information may be found in NASA
TM-100783 [N88-15885], “Sputtered Silver
Films To Improve Chromium Carbide
Based Solid Lubricant Coatings for Use Up
to 900°C.”

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-14834

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.

Polymeric Additives for
Graphite/Epoxy Composites

Brominated additives
can improve mechanical
properties.

A report describes experimental studies
of the properties of several graphite/epoxy

composites that contain polymeric addi-
tives as flexibilizing or toughening agents. It
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emphasizes the effects of brominated

polymeric additives (BPA's) with or without

carboxy-terminated butadiene acrylonitrile
rubber. (BPA's are of interest because bro-
mine introduces flame retardancy.) The re-
port reviews the effects of individual and
combined additives on the fracture tough-
nesses, environmental stabilities, hotiwet
strengths, thermomechanical behaviors,
and other mechanical properties of the
composites.

The experimental data lead to the
following conclusions, among others:

* With or without rubber added, the higher
the molecular weight of the BPA, the more
deterioration of mechanical properties is
observed.

* The lower the molecular weight of a BPA,
the lower is its thermal stability in the un-

cured state. However, once a BPA is com-
bined in an expoxy polymeric matrix, the
molecular structure of the epoxy and the
ratios between the aromatic and aliphatic
constituents of the three-dimensional
cured polymer network dominate the ther-
mal stability.

*BPA's that have been prereacted with
carboxy-terminated butadiene acryloni-
trile (CTBN) rubber increase the impact
strengths of composites.

* The introduction of BPA's into composites
that contain CTBN seems to increase
shear strengths. An optimum formulation
for this purpose contains 8 to 19 percent
CTBN and 19 percent bromine.

¢ Although BPA's increase the flexural
moduli of composites, they seem to de-
crease slightly the flexural strengths and
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fracture energies of the composites in
comparison with those of composites that
contain only CTBN rubber additives.

This work was done by D. A. Kourtides
of Ames Research Center and Z. Nir of
Makhteshim Chemical Works. To obtain a
copy of the report, “A Review of Polymeric
Additives Used for Toughening of Graphite
Composites,” Circle 110 on the TSP Re-
quest Card.

This invention has been patented by
NASA (U.S. Patent No. 4,550,129). In-
quiries concerning nonexclusive or ex-
clusive license for its commercial de-
velopment should be addressed to the Pa-
tent Counsel, Ames Research Center [see
page 16]. Refer to ARC-11427.

Fiber-Reinforced
Superalloys for
Rocket Engines

Features include increased
service lives and

higher allowable

operating temperatures.

Areport discusses experimental studies
of fiber-reinforced superalloy (FRS) com-
posite materials for use in turbine blades in
rocket engines. The FRS composites are
intended to withstand extreme conditions
of high temperature, thermal shock, at-

WE
STILL
ARE

Providing superior
indium solders.

cientists around the world look
to indium solders to solve their
most difficult joining and
bonding problems. Because unlike
tin-lead solders, indium solders
won't scavenge or leach metalliza-
tions of precious metals. Their
strength is derived from outstanding
ductility which also accommodates
mismatches in thermal coefficients
of expansion, severe thermal cy-
cling and physical stresses. They’ll
even wet glass, quartz and glazed
ceramics.

For free technical literature and con-
sultation, call 800-448-9240.

INDIUM CORPORATION
OF AMERICA
1676 Lincoln Avenue » Utica, NY 13502 » Telex
93-7363 Toll Free 1-800-448-9240 - In NY State
Call Collect 315-768-6400 « FAX 315-768-6362
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mospheres that contain hydrogen, high cy-

cle fatigue loading, and thermal fatigue, all

of which tax the capabilities of even the
most-advanced current blade material —
directionally-solidified, hafnium-modified

MAR M-246 [MAR M-246 (Hf) (DS)].

Tungsten-alloy wire was selected as the
reinforcing fiber for the composites. Three
iron-base alloys (Incoloy* 903, FeCrAlY,
and 316L stainless steel) and the nickel-
base superalloy Waspaloy were chosen as
matrix materials. Monofilament tapes of 40
volume percent fibers were made by arc
spraying. The tapes were hot-pressed into
composite panels 50 mm wide, 150 mm
long, and 1.5 mm thick, with the fibers
parallel to the length.

The composite panels were subjected
to tensile, thermal-shock, thermal-fatigue,
low- and high-cycle-fatigue, and embrittle-
ment-by-hydrogen tests. The estimated
and measured behaviors of the compos-
ites were contrasted with that of MAR
M-246 (Hf) (DS) at a temperature of 870 °C.
In addition, the properties of the com-
posites intended for use in advanced
rocket engines (which are slightly different
from the composites tested here) were
projected for 1,100 °C from the results of
these tests.

On the basis of the projections it was
concluded that FRS turbine blades offer
the potential of operating lives of the order
of 1,000 times those of MAR M-246 (Hf)
(DS) blades, as well as the capability to
operate 200 °C hotter. In addition, the FRS
blades are expected to undergo smaller
strains induced by thermal transients dur-
ing the starting and stopping of engines.

The following other conclusions were
also drawn:

* The resistances of FRS composites to
thermal shocks are two to nine times that
of MAR M-246 (Hf) (DS).

* The resistances of FRS composites to
thermal fatigue equal or exceed that of
MAR M-246 (Hf) (DS).

* The tensile and cycle fatigue strengths of
the FRS composites equal or exceed
those previously estimated.

* Prior damage by thermal shock has
negligible influence on the cycle fatigue
behavior of FRS composites.

* The FRS composites exhibit negligible em-
brittiement when exposed to hydrogen at
a pressure of 6.9 MPa.

* No ductile-to-brittle transition is observed
in FRS composites at temperatures from
—196 to 1,100 °C.

Thus, the FRS composites have an attrac-

tive combination of properties for use in the

turbopump blades of advanced rocket en-
gines at temperatures from 870to 1,100 °C.

*“Incoloy” is a registered trademark of the

Inco family of companies.

This work was done by Jack R. Lewis
and Jim L. Yuen of Rockwell International
in cooperation with Donald W. Petrasek
and Joseph R. Stephens of Lewlis Re-

search Center. Further information may
be found in NASA TM-100880 [N89-15990)],
“Fiber Reinforced Superalloys for Rocket
Engines.”

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-14871

High-Temperature Creep
Behavior of Fiber-
Reinforced Niobium

Tungsten fibers reduce
creep and mass in
advanced power systems.

Reinforcing niobium alloys with tung-
sten fibers increases their resistances to
creep by factors of as much as 10, a study
has found. The study, conducted to deter-
mine the feasibility of using the composite
materials in advanced space power sys-
tems, is described in a 22-page report.
Such systems require a service life of
greater than 7 years in the presence of lig-
uid alkali metals at temperatures above
1,350 K. Under these conditions, long-term
resistance to creep is a prime concern.

The materials tested were niobium and
niobium with 1 percent zirconium, both re-
inforced with unidirectional tungsten fibers.
Specimens of these composites were
made by arc spraying the niobium alloys
onto a single row of fibers to produce a
tape, followed by hot isostatic pressing of
several layers of tape to produce a panel.
Microscopic examinations showed that
there was little or no adverse chemical
reaction between the tungsten fiber and
niobium matrix.

The composite specimens were tested
in vacuum at 1,400 and 1,500 K, in tension
along the fiber axes. When each specimen
ruptured, it triggered a switch, and the time
to rupture was recorded automatically.
(Tungsten fibers were also tested in this
manner.) The creep strain of each compos-
ite specimen was determined by using a
cathetometer to measure the increase in
distance between two marks.

The creep behavior of the composite
materials could be described by an empiri-
cal power-law equation, in which the rate of
creep is proportional to the nth power of
the stress on the reinforcing fibers and is
inversely proportional to the nth power of
the fiber content, where n typically ranges
from 5 to 6. The minimum rate of creep is
inversely proportional to the time to rupture
of the composite.

The composites are heavier than are
unreinforced niobium or niobium with 1
percent zirconium. However, the high-tem-
perature creep strengths per unit density
of the composites are greater than those of

NASA Tech Briefs, July 1990



the unreinforced alloys by an order of
magnitude. Thus, thinner sections of the
composites can be substituted for unrein-
forced material in power systems, with
significant decreases in mass and creep at
high temperatures. Alternately, the poten-
tial for increased service temperature of
components can be considered.

This work was done by Donald W.
Petrasek and Robert H. Titran of Lewis
Research Center. Further information
may be found in NASA TM-100804 [N88-
18707], “Creep Behavior of Tungsten/
Niobium and Tungsten/Niobium-1 Percent
Zirconium Composites.”

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 anextra fee
by calling (800) 336-4700:

LEW-14831

Stability of a Carbon-
Dioxide-Removing Resin

Trimethylamine, which is
toxic, is emitted in small

only 2.7 percent.

A total of 36 organic chemicals were
found in the desorbed CO,, and seven of
these were found in the process air. Those
emitted during the early cycles were pre-
sumed to be contaminants, while those
emitted during the later cycles were as-
sumed to result from breakdown of the
resin. During the first 80 cycles, trimethyla-
mine was present in the process air down-
stream of the resin bed in concentrations
at or above the maximum allowable for the
spacecraft. Because trimethylamine was
still present after 569 cycles, it is believed
to be a principal product of the breakdown

of the resin. It could be removed by post-
treating the process air with phosphoric
acid on charcoal. The other chemicals
could be removed by the trace-contami-
nant-control subsystem of the Space Sta-
tion.

This work was done by Theodore
Wydeven of Ames Research Center and
Peter Wood of San Jose State University.
To obtain a copy of the report, “Stability of
IRA-45 Solid Amine Resin as a Function of
Carbon Dioxide Absorption and Steam De-
sorption Cycling,” Circle 152 on the TSP
Request Card.

ARC-12129

ADVANCED
COMPOSITE
PRODUCTS
FOR AEROSPACE

Tiodize has developed a wide range of

composite products made from
carbon and glass chopped fibers, or
three dimensional weave, contain-

amounts during desorption.
A report describes experiments to de-

termine the long-term chemical stability of
IRA-45, a commercial ion-exchange resin
that is a candidate for use in removing CO,
from the atmosphere of the Space Station.
In the proposed system, the cabin air
would be passed through the resin, and the
acidic CO, would be absorbed by weakly-
basic hydrated diethylenetriamine bonded
to the porous resin substrate. When the
resin had adsorbedall the CO, that it could,
it would be disconnected from the air-
stream and heated with steam to desorb
the CO,. The resin could than be reused.

The experiments were conducted in an
automated laboratory flow-test facility
designed to simulate the conditions in the
cabin of the Space Station. Packed col-
umns of the resin were tested for 569 ab-
sorption/desorption cycles to determine
the decrease in capacity for the absorption
of CO, and the amounts and kinds of
volatile organic compounds released from
the resin during heating by steam, both as
functions of the number of cycles. The ca-
pacity for CO, was measured in real time
during each cycle. Organic volatiles in the
CO, desorbed from the resin were trapped
on graphitic carbon adsorbents. The trapped
volatiles were analyzed by gas chromatog-
raphy and mass spectrometry.

The capacity of the resin for absorption
of CO, decreased gradually with time, but
the rate of decrease also decreased signif-
icantly. After a 43-percent loss of capacity
during the first ten or so cycles, the addi-
tional loss during the remaining cycles was
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ing an epoxy or polyimide resin.
Tiodize can make more com-
ponent parts to your specifica-
tions. Let us meet your needs.
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compatible, gold seal
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® 2,000 psi maximum inlet
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s National
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COSMIC: Transferring NASA Software
COSMIC, NASA’'s Computer Software Manage-
ment and information Center, distributes software
developed with NASA funding to industry, other
government agencies and academia.

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

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

Computer Programs

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

Physical Sciences

FREE video demo.

Primavera introduces some important
new project management terminology.

Primavera Project Planner® 4.0 works like you think. Visually. Graphically.
Intuitively. As quickly as “pop”, “click”, “zoom”! Keeping you in touch with the
big picture while giving you instant access to all the details.

Create an activity? Point, click-click. Define a relationship? Two clicks and
done. Updates? Double click and enter progress. P3® 4.0 gives you copy, cut and
paste, group and mark, and dozens of other powerful scheduling tools.

Now, the world's best high-performance project management software is even
easier to use, and offers more capability. And it's available now, running under DOS.

See Primavera Project Planner 4.0 in action. Call 1-800-423-0245 today for your

o>

Two Bala Plaza o'Bala Cynwyd, PA 19004 # (215) 667-8600 ® FAX: (215) 667-7894

PRIMAVERA SYSTEMS, INC.

Project Management Software
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review of programs in your area of interest. You
can also purchase the annual COSMIC Software
Catalog, containing descriptions and ordering in-
formation for available software.
COSMIC is part of NASA's Technology Utiliza-
tion Network

COSMIC® — John A. Gibson, Director,

(404) 542-3265

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

Birefringent-Filter Model

An interactive computer
program aids in the design
of solid-state lasers.

Birefringent filters are often used to nar-
row spectral lines (that is, as band-pass
filters)in solid-state lasers. The Birefringent
Filter Model computer program imple-
ments a stand-alone mathematical model
of a birefringent filter for use in the design
and analysis of a birefringent filter. It was
originally developed to aid in the design of
solid-state lasers to be used on aircraft or
spacecraft in remote sensing of the atmos-
phere. The model is general enough to en-
able the user to address such problems as
temperature-stability requirements, manu-
facturing tolerances, and alignment toler-
ances.

The input parameters for the program
are divided into seven groups: (1) general
parameters that refer to all elements of the
filter; (2) parameters related to wavelength;
(3) filter, coating, and orientation parame-
ters; (4) parameters of input rays; (5) speci-
fications of output devices; (6) parameters
related to components; and (7) parameters
of transmission profiles. The program can
analyze a birefringent filter with as many as
12 different components, which may in-
clude polarizers and Brewster-angle
plates, and can calculate the transmission
and summary parameters for multiple
passes as well as for a single pass through
the filter.

The Jones matrix, which is calculated
from the input parameters of groups 1
through 4, is used to calculate the trans-
mission. Output files containing the calcu-
lated transmission or the calculated Jones
matrix as a function of wavelength can be
created. These output files can then be
used as inputs for programs written by the
user. For example, to plot the transmission
or to calculate the eigentransmittances
and the corresponding eigenpolarizations
for the Jones matrix, the appropriate data
are written to a file.

The Birefringent Filter Model program is
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written in Microsoft FORTRAN 2.0. The for-
mat of the program is interactive. It was
developed on an IBM PC XT equipped with
an 8087 math coprocessor and has a cen-
tral-memory requirement of approximately
154K. Since Microsoft FORTRAN 2.0 does
not support complex arithmetic, matrix
routines for addition, subtraction, and
multiplication of complex, double-precision
variables are included. The Birefringent
Filter Model program was written in 1987.

This program was written by Patricia L.
Cross and Clayton H. Bair of Langley Re-
search Center. For further information,
Circle 106 on the TSP Request Card.
LAR-13945

Mathematics and
Information Sciences

Managing Information
on Costs

A mathematical model of
costs incorporates flexibility
and many capabilities.

The Cost Management Model, CMM, is
a software tool for planning, tracking, and

reporting costs and information related to
costs. The model is capable of estimating

costs, comparing estimated costs to ac-
tual costs, reporting costs, performing
“what-if” analyses on estimates of costs,
and providing a mechanism to maintain
data on costs in a format oriented to
management. A number of supportive cost
methods are built in: escalation rates,
production-learning curves, activity/event
schedules, unit production schedules, a
set of spread distributions, tables of rates
and factors defined by the user, and a full
arithmetic capability. Import/export capa-
bility is also possible with the 20/20 Spread-
sheet available on Data General equip-
ment.

The user provides names to files, cost
elements, cases, and reports. The user
must also determine the structures of files,
reports, and cost-element hierarchies.
Data and output can be reviewed without
having to make printouts to enable focus
on the analysis of data.

The user puts data into two modules.
One module is the Input Processor, which
accepts the rates, factors, and tabular
data; the other is the Cost Input Processor,
in which the user enters costs and builds
the costing structure with algorithms. The
main module runs the cases set up by the
user with little interaction with the user, and
the Report Writer enables the user to gain
access to the data files produced during
the run and to assemble the data into re-
ports for printing. There are three major

categories of reports: cost by time, cost by
unit, and cost by unit by time.

CMM is a software tool that requires a
competent analyst for effective applica-
tion. The relationship between cost ele-
ments and other elements and the interre-
lationships between the characteristics of
cost elements must be understood for ef-
fective use of the model. Incorporation of
many capabilities and flexibility for the user
has also resulted in a fairly complex model.
That complexity has been substantially off-
set by providing the user with a “user-
friendly” screen-input system. CMM pro-
vides a “starter set” of case selection, in-
put files, and output reports.

The CMM program requires the AOS/VS
operating system available on the Data
General MV series computers. The pro-
gram is written mainly in FORTRAN 77 but
uses SGU (Screen Generation Utility). The
user must have a Data General package,
PRESENT, as the Report Writer module if
CMM is used for reports. The user must
have at least 10,000 free blocks before at-
taching CMM to the ID. The host user must
have approximately 100,000 blocks free to
attach the entire contents of the tape.
CMM was developed in 1988.

This program was written by Zoe A.
Taulbee of ECON, Inc., for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 66 on the TSP Request Card.
MFS-28361

SCIENTIFIC

81 MODEL 74000

Features
* Flame detection exceeding
150 feet (45.7 meters)
* Explosion proof housing
» Designed for use in hazardous locations
¢ Environmentally-sealed enclosure
* Rugged plug-in electronic module

Scientific Instruments, Inc.

Approvals

* NASA Kennedy Space
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Managing Mobile/Satellite
Propagation Data

Data from experiments are
converted into standard
and more useful forms.

The “Data Management System for
Mobile Satellite Propagation” software
package is a collection of FORTRAN pro-
grams and UNIX shell scripts designed to
handle the huge amounts of data resulting
from mobile/satellite radio-propagation ex-
periments. These experiments are designed
to assist in defining channels for mobile/
satellite radio-communication systems. By
understanding multipath-fading character-
istics of a channel, Doppler effects, and
blockage due to artificial objects as well as
natural surroundings, the channel can be
characterized. Experiments in propagation
are then performed, using a prototype of
the system that simulates the ultimate prod-
uct environment. After the data from these
experiments are generated, the researcher
must gain access to these data with a mini-
mum of effort and use the data to derive
some standard results.

The programs included in this software
package manipulate the data files gener-
ated by the NASA/JPL Mobile Satellite prop-
agation experiment on an interactive basis.
Inthe experiment, a transmitter operating at

869 MHz was carried to an altitude of 32 km
by a balloon. A vehicle within the line of sight
of the transmitter was then driven around,
splitting the incoming signal into inphase
and quadrature channels and sampling the
strength of the resulting signal 1,000 times
per second. The data were collected at
various antenna-elevation angles and dif-
ferent times of day. The angles and times of
day constitute ancillary data.

This software package contains a pro-
gram to convert the binary format of the
data into standard ASCII format suitable for
use with a wide variety of computing-ma-
chine architectures. Also included is a
UNIX shell script designed to parse this
ASCII file into those records of data that
match the researcher’s desired values for
the ancillary-data parameters. In addition,
four FORTRAN programs are included to
obtain standard quantities from the data.
Such quantities as the probability of signal
level greater than or equal to a specified
signal level, probability densities of the
signal levels, frequency of duration of fade,
and Fourier transforms of the sampled
data can be generated from the data from
the experiment on propagation.

All programs in this package are written
in either FORTRAN 77 or UNIX shell
scripts. The programs were developed in
1987 for use with a UNIX operating system
on a DEC MicroVAX computer.

Floating Point Array Processor

m Dramatically increases the Library of 473 powerful mi- m The PL1250 with software...
dynamic range and speed of cro-coded functions and pre- $2,695.

desktop computing with IBM  written support routines.

PC, XT, AT and other com-
patibles.
m Ideal for image processing,

sis, surface defect detectionand
vibration analysis.

grams. Includes ‘Tool Box’

® Accelerates compute-bound
C, Fortran or Pascal programs
P with a processing rate of 12.5
neural networks, seismic analy- MFlops per PL1250... Runtime
software supports up to eight .

PL1250s running in parallel gg;)lggilc(;;ly' BN apans
m Saves time writing pro- within a single PC providing
100 MFlops performance.

2. 2.
C /y/////// C //////
Zatnratoned
1247 Tamarisk Lane

1-800-888-1119

62 Circle Reader Action No. 675

This program was written by Anil V. Kantak
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
11 on the TSP Request Card.

NPO-17269

Cumulative Poisson
Distribution Program

Overflow and underflow in
sums is prevented.

The Cumulative Poisson Distribution
Program, CUMPOIS, is one of two compuit-
er programs that make calculations involv-
ing cumulative Poisson distributions. Both
programs, CUMPOIS (NPO-17714) and
NEWTPOIS (NPO-17715), can be used in-
dependently of one another. CUMPOIS de-
termines the cumulative Poisson distribu-
tion, which can be used to evaluate the
cumulative distribution function (cdf) for I
distributions with integer shape parame-
ters and the cdf for X2 distributions with
even degrees of freedom. It can be used by
statisticians and others concerned with
probabilities of independent events occur-
ring over specific units of time, area, or
volume.

CUMPOIS calculates the probability
that n or fewer events (i.e., cumulative) will
occur within any unit when the expected
number of events is given as A. Normally,
this probability is calculated by a direct
summation, from / = 0 to n, of terms that
involve the exponential function, A, and in-
verse factorials. This approach, however,
eventually fails because of underflow for
sufficiently large values of n. In addition,
when an exponential term is moved out-
side of the summation for simplification,
there is a risk that the terms remaining
within the summation, and the summation
itself, will overflow for certain values of /
and A. CUMPOIS eliminates these possibili-
ties by multiplying an additional exponen-
tial factor into the summation terms and
the partial sum whenever there is a threat
of overflow or underflow. The reciprocal of
this term is then multiplied by the com-
pleted sum to obtain the cumulative proba-
bility.

The CUMPOIS program is written in C. It
was developed on an IBM AT computer
with a numeric coprocessor using Micro-
soft C 5.0. Because the source code is writ-
ten using standard C structures and func-
tions, it should compile correctly on most C
compilers. The program format is interac-
tive, accepting A and n as inputs. It has
been implemented under DOS 3.2 and has
a memory requirement of 26K. CUMPOIS
was developed in 1988.

This program was written by Paul N.
Bowerman, Emest M. Scheuer, and Robert
Nolty of Caltech for NASA’s Jet Propul-
slon Laboratory. For further information,
Circle 151 on the TSP Request Card.
NPO-17714

NASA Tech Briefs, July 1990



Mechanics

Hardware, Techniques,
and Processes

67 Simulation of Unsteady, Books and Reports
Viscous, Incompressible 73 Simulation of Turbulent,

63 Silicon Nitride Balls for Flow Oscillating Boundary Layer
Cryogenic Bearings 68 Pressurized-Flat-Interface 74 Simulated Hypersonic

63 Improved Insert for Variable __Heat Exchanger Flows About a Blunt Body
Mach Number 68 Jam-Resistant Cutters for 74 Propagation of Pulse

64 Double-Swivel Mechanism Emergency Separation Vibrations in Large
for Reliable Release 2 Safe-Egress Pole for Structures

Vehicle in Motion

Silicon Nitride Balls for Cryogenic Bearings
Resistance to wear is greater than that of 440C steel.

Marshall Space Flight Center, Alabama

Experiments have shown that the lives
of ball bearings immersed in liquid nitrogen
or liquid oxygen are increased significantly
when the 440C steel balls (runningon 440C
steel races) are replaced by balls of silicon
nitride. The silicon nitride ball material was
developed previously for use at high tem-
peratures, where lubrication is poor or non-
existent.

The wear lives of ball bearings in cryo-
genic environments are limited because
cryogenic coolants provide little or no Iu-
brication. In this respect, the operating
conditions of such bearings are similar to
those of bearings in hot environments. The
low friction and resistance to wear of ce-
ramics makes them attractive as candi-
date materials for use in bearings, but the
brittleness of most ceramics is a disadvan-
tage in applications in which high reliability
is required. The silicon nitride balls are suit-
able for use in rolling bearings because, un-
like many other ceramics, the silicon ni-

tride of the grade used to make the balls
(Norton grade NDB-100 or equivalent) fails
by spalling rather than by fracturing.

Prior to tests of full-scale ball bearings,
the wear of bearing materials in liquid oxy-
gen was evaluated in a subscale testing rig
that included a cone and three balls 0.5 in.
(127 mm) in diameter to simulate the
operation of the high-pressure-oxidizer tur-
bopump of the Space Shuttle main engine.
The specimens were tested for 6 h at a
maximum Hertzian stress of 450 kpsi (3.1
GPa). The silicon nitride balls showed no
measurable wear, indicating better re-
sistance to wear than that exhibited by
balls of 440C steel.

Silicon nitride balls 0.8125in. (20.64 mm)
in diameter for the thrust bearing of the
low-pressure-oxidizer turbopump and 0.5
in. (12.7 mm) in diameter for the turbine-
end bearing of the high-pressure-oxidizer
turbopump of the Space Shuttle main en-
gine have been acquired. The thrust bear-

Improved Insert for Variable Mach Number
A nozzle insert lowers a wind-tunnel mach number while maintaining excellent flow quality.

Langley Research Center, Hampton, Virginia

The Langley Research Center 8-ft
(2.4-m) HTST wind tunnel provides flight-
simulation conditions from mach 6 to
mach 7 at altitudes of 80 to 130 kft (24.4 to
39.6 km). With its large test section, it can
accommodate full-scale, airframe-inte-
grated scramjet engines, missiles, and
other components. However, these en-
gines and missiles operate over a large
mach-number range beginning at approxi-
mately 4. A nozzle insert has been de-
signed to lower the mach number to this
level without significant degradation of the
uniformity of flow and without excessive
loss of total pressure.

This nozzle insert is actually an improve-
ment of a prior design that lowered the op-
erational mach number but degraded the
quality of the flow toan unacceptable level.
The essential components of the improved
design (see figure) include a sonic first
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throat, an expansion surface, a variable
boundary-layer bleed, the insert itself, and
the existing, unchanged, contour of the
nozzle. The modification involves the crea-
tion of the secondary throat and the critical

ing was tested in liquid nitrogen, which was
used because it is nonreactive and be-
cause its temperature, density, and viscosi-
ty are similar to those of liquid oxygen. The
bearing completed 27,000 seconds of op-
eration under conditions representative of
the environment in the low-pressure-oxidiz-
er turbopump in 8-minute duty cycles and
in steady-state operation at high levels of
thrust. The results of the test showed that
the combination of the silicon nitride balls
running against the 440C steel races had
the best wear life of any bearing tested to
date and that the ball material spalls
without fracturing. Plans for future tests
call for the use of liquid oxygen as the work-
ing fluid.

This work was done by Myles F. Butner
and Lillian W. Ng of Rockwell International
Corp. for Marshall Space Flight Center.
No further documentation is available.
MFS-29613

v

addition of a boundary-layer bleed path
between the insert and the original tunnel
wall.

With this simple second minimum insert
placed in the expansion region down-
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The Second Minimum Insert lowers the operational mach number without significant deg-

radation of the properties of the flow.
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stream of the first throat, wide ranges of
decrease in the mach number were easily
achieved. The insert has boundary-layer-
flow bleeds to stabilize the compression
shock wave and to alleviate the strength of
the turning shock-wave system at the exit
of the insert.

The compression surface of the insert
generates very strong shock waves and
central mach disks; the reexpansion after
the second (supersonic) throat helps to
attenuate this shock-wave/mach-disk sys-

¥i

tem. In addition, the exit pressure of the
boundary bleed is much higher than the
static pressure of the nozzle and thus
creates a large region of separated flow
that gradually turns the expanding exit flow
from the insert.

This design enables a quick change of
mach number in an existing facility at rela-
tively low cost (less than one-tenth that of
replacing the entire nozzle) and requires no
special contouring of the existing nozzle. It
represents a simple and cost-effective
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method of altering the mach number inany
supersonic wind tunnel.

This work was done by Richard L. Puster
of Langley Research Center. No further
documentation is available.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Langley Research Center [see
page 16]. Refer to LAR-13548

Double-Swivel Mechanism for Reliable Release
This mechanism functions even if two out of three elements fail.

Advanced coating
and laminating
technology

Lyndon B. Johnson Space
Center, Houston, Texas

A double-swivel toggle mechanism re-
leases large, heavy objects reliably. The
double-swiveling action of the mechanism
ensures that it clears restraining pins upon
release.

An upper ball on the toggle fits in a ball
socket on the object to be released while a
lower ball fits in a ball-socket ring. Three
pins retain the ring by its flange (see figure).
When the time comes to release the ob-

DETAIL OF DOUBLE-SWIVEL TOGGLE

Plate Attached
to Load

N mw,
7 , WSS
_____ @__\_4-

S 7,

INITIAL MOTIN AFTER WITHDRAWAL OF ONE OR TWO PIN(S)

Springs (Not Shown)
] Push Load Away

RELEASE

Pins Retain the Toggle and Its Load.
If a pin fails to withdraw at the desig-
nated time for releasing payload, the
toggle swivels about its upper ball, and
the ring swivels about the lower ball so
that the ring flange clears the failed pin.
The double-swiveling action ensures dis-
engagement even if two pins fail to
withdraw.
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ject, the pins are withdrawn by springs or
pyrotechnic devices.

Ordinarily, all three pins are withdrawn
simultaneously, and the toggle and object
are ejected by springs. If a malfunction oc-
curs, however, and one or two pins re-
main(s) in place, the toggle action still re-
leases the object. The toggle swivels so
that it rotates clear of the unreleased pins.
The lower ball cannot transmit a moment

to the object that would cause the mecha-
nism to twist on the remaining pins and
lock on them in a way that would prevent
release.

The pins are straight cylinders. They are
not tapered at their tips, where they meet
the toggle-ring flange. This provision
eliminates forces that would tend to cause
inadvertent or premature release.

This work was done by Guy L. King and

William C. Schneider of Johnson Space
Center. For further information, Circle 60
on the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Johnson Space Center [see page
16]. Refer to MSC-21436
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Simulation of Unsteady, Viscous, Incompressible Flow

Results of computations compare favorably with experiments.
Ames Research Center, Moffett Field, California

A method for the numerical solution of
the Navier-Stokes equations of viscous, in-
compressible flow is developed based on
the use of a fractional-step procedure. The
method is accurate to second order in both
space and time.

The Navier-Stokes equations are put in
integral form and discretized over finite
volumes to yield a fully conservative sec-
ond-order scheme. Finite-volume discreti-
zation is preferred because it usually
results in more accurate and stable solu-
tions for generalized coordinate systems,
especially for meshes with clustered points
and large curvature. Special care is given
to satisfy the “geometrical conservation
laws" to minimize the errors resulting from
the spatial discretization.

The numerical difficulties associated
with the absence of a time derivative of the
pressure in the equation of conservation of
mass are handled by a fractional-step pro-
cedure. In each time step, the equations of
conservation of momentum are solved for
an approximate velocity field that does not
satisfy the equation of continuity. In the
second stage, the velocity and pressure
fields are corrected in such a way that the
equation of conservation of mass is satis-
fied. This step leads to a Poisson equation
with Neumann-type boundary conditions
that may exhibit very poor convergence
properties, especially in generalized coor-
dinate systems. The time consumed in the
solution of the Poisson equation may be as
high as 80 percent of the total computa-
tional time, even in a Cartesian case.

In this method, an attempt is made to
minimize the Poisson-equation difficulties
by choosing the pressures at the centers
and the volume fluxes across the faces of
the computational cells as the dependent
variables instead of the familiar Cartesian
components of the velocity. This choice en-
sures the satisfaction of the discrete equa-
tion of conservation of mass to within
round-off errors in any coordinate system
and has favorable effects on the con-
vergence properties.

A consistent solution to Poisson's equa-
tion is obtained by deriving the Laplacian
operator from the discrete equivalent of
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the operator V+V (where V- and V are the di-
vergence and the gradient operators, re-
spectively), rather than discretizing the
Laplacian operator directly. A novel and ef-
ficient ZEBRA scheme with four-color or-
dering has been devised for the efficient
solution of the nonorthogonal Poisson
equation on vector computers. The solu-
tion of the Poisson equation could be con-
verged to within any specified small error in
all the cases solved so far.

The method has been applied to a two-
dimensional lid-driven flow in a cavity and
to a flow around a circular cylinder with
shedding of vortices (see figure). The
results of the computations have been

found to compare favorably with those of
other numerical studies and, in the case of
the cylinder, with those of experiments.

This work was done by Moshe Rosenfeld
and Dochan Kwak of Ames Research
Center. Further information may be found
in NASA TM-101016 [N88-30085], “Numeri-
cal Simulation of Unsteady Incompressible
Viscous Flows in Generalized Coordinate
Systems.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra fee
by calling (800) 336-4700. ARC-12277

The Flow Around a Cylinder, including the shedding of vortexes, is simulated at various

Reynolds numbers, Re.
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Pressurized-Flat-Interface Heat Exchanger

High thermal conductance is obtained without leakage between loops.
Lyndon B. Johnson Space Center, Houston, Texas

A heat-exchanger interface enables the
efficient transfer of heat between two
working fluids without allowing the fluids to
intermingle. The interface is thin, flat, and
easy tointegrate into a thermal system, un-
like interfaces based on concentric cylin-
ders or pressurized fingers. In a prototype
version made of aluminum, contact con-
ductances of 652 to 729 Btu/h- ft2- °F (3.70
to 4.14 KW/mZ2°C) were achieved.

A possible application is in chemical or
pharmaceutical manufacturing when even
trace contamination of the process stream
with water or other coolant could ruin the
product. It may also reduce costs when
highly corrosive fluids must be cooled or
heated. The corrosive-fluid side of the ex-
changer could be made of special corro-
sion-resistant material while the noncorro-
sive side could be made of standard, less
costly materials. If either side developed
leaks or became fouled, it could be re-
moved without disturbing the other side.

At an interface, a set of contact heat-ex-
changer plates is positioned on the thermal
transport bus, through which ammonia or
other suitable coolant flows (see figure). A
module containing a corresponding set of
water-heated plates is slipped into contact
with the set of ammonia-cooled plates so
that each thermal-bus plate is sandwiched
between a pair of module plates. Bellows
placed between module plates are pres-
surized with nitrogen so that the module

A pyrotechnic emergency-separation
system includes shaped explosive charges
that sever a pair of hinges. In the applica-
tion for which it was conceived, the system
ensures reliable opening of an escape
hatch. Two pairs of cutters are provided for
each hinge so that if one pair of cutters
fails, the other can complete the job. The
pressure of the explosions is vented to pre-
vent the charge holders from fragmenting
and forming sharp edges around the open
hatch. An exit slide can then be deployed
without tearing.

Each charge holder is equipped with a
thin L-shaped retainer wall facing the hinge
(see figure). The detonation of a charge
cuts through a web in the hinge. With both
hinges cut, the hatch door is free and is
ejected by a set of thrustors around the
periphery of the hatch.

At detonation, the thin wall of the L-
shaped retainer collapses, andthe retainer
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Thermal-Transfer

Working Fluids Flow In-
dependently in a heat-
transfer module (right)
and a thermal transport
bus (left). Pairs of plates
in the module slip over
plates on the bus and are
pressed against the bus
plates by inflated bellows.
Many such modules can
be located along a bus.

Heat-Source

Pair of
Module
Plates

Pressurized
Honeycomb
End Structure
Siot for
Bus Plate

Module

plates press firmly against the bus plates,
ensuring good thermal contact. The faces
of the bellows are thin diaphragms that
conform to the surfaces of the module
plates. The flowing water in the module
heats the module plates, which pass their
heat to the bus plates, which in turn trans-
fer the heat to the flowing ammonia.

A further advantage of the interface is
that it can be used to regulate the flow of
heat. To reduce the flow, the bellows pres-
sure can be reduced, reducing thermal
contact between the plates and decreas-
ing the thermal conductance. There is no
need to adjust the fluid flow in either a

module or the thermal bus with valves or
pumps.

This work was done by F. E. Voss, H. R.
Howell, and R. V. Winkler of LTV Aerospace
and Defense Co. for Johnson Space Cen-
ter. For further information, Circle 57 on
the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Johnson Space Center [see page
16]. Refer to MSC-21271

Jam-Resistant Cutters for Emergency Separation
Redundant vented pyrotechnics yield reliable, clean cuts.
Lyndon B. Johnson Space Center, Houston, Texas

Hmo’\‘
; ,// "
'

Before Detonation L-shaped retainers bear on the hinge. After detonation, the retainers
are folded outward to facilitate the egress of the severed hinges.

folds outward under the pressure of the ex-
plosion. This action widens the opening
around the severed hinge so that it can
leave without hindrance.

This work was done by Arturo C.

Ordonez and Ronald N. Yee of Rockwell In-
ternational Corp. for Johnson Space Cen-
ter. For further information, Circle 145 on
the TSP Request Card.

MSC-21474
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NASA invites you to

the high-tech show of 1990!

WHERE INDUSTRY CAN
access technology from NASA and its contractors

meet NASA technology transfer experts
find new partners for R&D projects

learn what's in the pipeline from current NASA
programs

look at the future of applied space-based research

share the experiences of current spinoff companies

ALL ABOUT TECHNOLOGY 2000

High-tech innovation — from the revolutionary to the
incremental, from the million dollar idea to the .05%
reduction in cost — is what TECHNOLOGY 2000 is all
about. Join NASA and NASA Tech Briefs Magazine

as they launch the first annual exposition and conference
of NASA technology and technology transfer.

In two jam-packed days, government and corporate
trailblazers will bring you up to date on the latest in-
novations in telecommunications, robotics, computa-
tional fluid dynamics and other areas — with a focus
on potential commercial applications.

Between and after these sessions, you will visit the
idea-stocked exhibit area, making contact with
experts from all nine NASA research centers as well
as many of the leading-edge companies around the
country. You will have ample opportunity to meet
these leaders, to develop personal contacts with
potential R&D partners, and to learn what's directly
ahead in a variety of high-tech fields.

Many firms have picked up NASA's ideas and run with
them - creating new processes and products both large
and small. Others have used space-based technology to
hone their internal operations or improve their manufactur-
ing systems. All have fulfilled NASA's stated goal of
making American industry more competitive.

You too can benefit from this wealth of government-
sponsored research. Join NASA, its leading contractors
and spinoff companies at TECHNOLOGY 2000.

THE SPONSORS -
TECHNOLOGY 2000 is sponsored by NASA, NASA Tech
Briefs Magazine, and the Technology Utilization Foun-
dation, a not-for-profit organization dedicated to
technology transfer.

EXHIBITS

Exhibits will be open from 11 a.m. to 5 p.m. on Tuesday
and Wednesday, November 27 and 28.

WHO SHOULD ATTEND

Top management, research directors,
project leaders, senior/design engineers,
scientists and technology transfer agents
from public and private organizations.
The industries represented include:
aerospace, electronics, computers,
industrial equipment, defense, communi-
cations, bio-medical, materials, power,
transportation and chemicals.

THE PROGRAM

NASA management has invited space
agency researchers and key industry
leaders to address TECHNOLOGY 2000
audiences. Several concurrent ses-
sions are planned for 8:30 - 11 a.m.
and 2:30 - 5:30 p.m. on both Tuesday
and Wednesday, November 27 and 28.
The symposia topics include:

POWER AND ENERGY

ROBOTICS AND ARTIFICIAL
INTELLIGENCE

SOFTWARE ENGINEERING

LASERS/OPTOELECTRONICS

COMPUTATIONAL FLUID DYNAMICS

TELECOMMUNICATIONS

BIO-MEDICINE

MATERIALS SCIENCE

SENSOR TECHNOLOGY

A final list of specific topics and speakers will accompany
registration confirmations; attendees may then choose
the sessions they wish to attend.

THE LOCATION

All sessions will be held at the Washington Hilton Hotel and
Towers, 1919 Connecticut Ave., N.W., Washington D.C.
20036. The hotel is conveniently located near the DuPont
Circle stop on the Metro Red Line, and offers indoor parking.

REGISTRATION AND FEES

The full registration fee is $150, and includes symposia and
exhibits for both days. For those who can attend for only one
day, registration for technical sessions and exhibits is $100.
Attendees may visit the exhibit area only at a cost of $20/day.

Clip the coupon opposite and return with your payment to:
Technology Utilization Foundation, 41 East 42 Street,
Suite 921, New York, N.Y. 10017 (212)490-3999

HOTEL ACCOMMODATIONS

Reservations must be made directly with

The Washington Hilton, Reservations Department ,
1919 Connecticut Ave., N.W. ,Washington, D.C. 20036
(202)483-3000
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3M Announces
Double-Coated
Foil Shielding
Tape

Copper foil base with
electrically-conductive
adhesive on both sides for
reliable point-to-point
grounding.

AUSTIN, Tex. — This new UL Recognized
tape has a multitude of uses in electronic
design, test, and QC laboratories where
good grounding paths are required. Other
applications include shielding of PC
boards, microwave antennas and display
boards; grounding and static charge
draining.
Scotch™ Brand
Electrical Tape
#1182 features a
dynamic range
over a frequency
from 1 MHz to 1
GHz. EMI/RFI

Copper Foil

shielding effec- (adhesive
tiveness  was both sides)
measur,ed n ,the Scotch Brand Foil
Near Field using Shielding Tape #1182 is
a modified Mil supplied on a liner that
. permits easy handling
Std 285 test and dispensing in either
procedure. random or definite

In IC applica- lengths without curling.
tions the copper foil also provides an excel-
lent heat conductive path to protect
sensitive areas from excessive thermal
exposure — Class 155° C continuous oper-
ating temperature.

It is supplied on a liner that permits
easy handling and die-cutting without
seriously wrinkling the foil backing. A
complete line of standard dispensers is
available to increase productivity and the
application of Scotch Brand Foil Shielding
Tapes. They are available with liner take-up
attachments and deliver either random or
definite lengths. Custom application equip-
ment can be designed for automatic or semi
automatic production.

Scotch Brand Foil Shielding Tape #1182
is one in a family of metal foil tapes.

For more information contact a 3M Elec-
trical Specialties Division representative or
authorized distributor or call 1-800-
233-3636.

3M Electrical Specialties Division
PO Box 2963
Austin, TX 78769-2963
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Safe-Egress Pole for Vehicle in Motion !‘

People eject at a safe distance from protruding structures.

Lyndon B. Johnson Space Center, Houston, Texas

A telescoping pole helps people leave a
moving vehicle in‘an emergency. The pole
extends from the vehicle far enough to
guide people away from structural fea-
tures that could strike and injure them.
Such a pole could also be used to deliver
cargo from aircraft without damage to or
by wings or to eject supplies from moving
trucks so that they land off the roadway.

The telescoping-pole concept was devel-
oped to help crewmembers escape from
the Space Shuttle under certain flight con-
ditions. For example, in an aborted launch
or before a crash landing, at an altitude of
about 20,000 feet (6.1 km) the left-side
hatch of the Shuttle would be blown off.
The telescoping pole would be extended
out through the open hatchway (see

- — " — | —

Ynitecr Stareso

— i — - —

Extension
Pole

FRONT VIEW SHOWING POSITION OF EXTENDED POLE

The Escape Pole Extends downward and to the rear so that users can jump clear of the wing,

before releasing themselves.
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figure). The crew would then leave one by
one through the hatch and slide along the
pole on lanyards. At the tip of the pole, they
would be released from the aircraft.

The retracted pole is compact and light-
weight. Unlike other means of emergency
egress such as ejection seats or belly tun-
nels, it does not require drastic structural
modification of the Shuttle. Unlike an ex-
traction rocket, which pulls crewmembers
through the hatch fast enough to clear the
wing, the telescoping pole does not subject
the ejecting members of crew to high ac-
celerations and does not require the
storage of pyrotechnics in the cabin.

At the beginning of deployment, a main
pole extends from the housing, guided by a
bearing block. A kicker-spring mechanism
pushes the main pole out, and an arrester
assembly stops the main pole as it reaches
the limit of its movement, absorbing its
kinetic energy. An extension spring then
pushes the extension pole outward. An en-
ergy absorber stops the extension pole as
it reaches its limit. An antiretraction lock
prevents the extension pole from retract-
ing to the main pole once it has been de-
ployed. A redundant manually operated
mechanism is used to deploy the pole if the
kicker-spring mechanism fails to operate.

This work was done by Winston D.
Goodrich, Clarence J. Wesselski, Timothy
E. Pelischek, Bruce H. Becker, Jon Kahn,
Margaret E. Grimaldi, John McManamen
and Edgar O. Castro of Johnson Space
Center. For further information, Circle 71
on the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Johnson Space Center [see page
16]. Refer to MSC-21461

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.

Simulation of Turbulent,
Oscillating Boundary Layer
Numerical results support
predictions of

simplified theories.

A report discusses aspects of algebraic
and numerical modeling of the flow in the
infinite half space on one side of an infinite-
ly-large, flat plate, with a sinusoidally oscil-
lating free-stream velocity along one axis
of the plate. This flow has a rich variety of
behaviors, including strong gradients of
pressure, points of inflection, and reversal.

The chosen flow is the turbulent version
of a classical problem, known as Stokes'
second problem, for which the exact solu-
tions of the Navier-Stokes equations of
viscous flow are known. The zero mean
value of the free-stream velocity gives rise
to a natural homogeneity along and across
the plate; this justifies the imposition of
periodic boundary conditions in a direct
simulation and improves the statistical
sample considerably. In addition, the Reyn-
olds-averaged quantities are functions only
of the time and of the coordinate perpen-
dicular to the plate. This provides a good
test of the abilities of mathematical models
of turbulence to treat unsteady and inflec-
tional velocity profiles with little numerical
effort and with high numerical accuracy.
This flow also exhibits reversal of the
velocity without the usual difficulties of
coupling between viscous and inviscid mo-
tions and of singularities encountered in
spatially separating flows.

The authors present equations that de-
scribe the shear stress and the mean ve-
locity as a function of distance from the
plate and phase angle. This theory isbased
on dimensional analysis, the Reynolds-
number-similarity hypothesis, and some
plausible assumptions about the forms of
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functions that describe various aspects of
the flow. The theory is tentative in that
these concepts and assumptions are con-
sistent with current thinking but cannot be
proved rigorously. The equations are
known to be applicable only at high
Reynolds numbers and inapplicable near
the phase of reversal of the wall shear
stress.

The predictions of the theory were com-
pared with the results of a numerical simu-
lation via the Navier-Stokes equations of
three-dimensional, viscous, incompressi-
ble flow over a narrow range of Reynolds
numbers. The simulation showed that the
oscillating boundary layer displays a com-
plex behavior, as a function of both the
phase angle and the Reynolds number. Al-
though the flow is believed to be linearly
stable, it exhibits a first transition to a “pre-
turbulent” state just below a Reynolds
number of 600. A second transition, be-
tween 600 and 800, allows it to generate
well-developed turbulence during at least
part of the cycle. During that part of the cy-
cle, it contains a log layer (referring to the
proportionality of the velocity to a logarithm
of a nondimensionalized distance from the
wall) and agrees with other aspects of the
high-Reynolds-number theory described
above. Also, despite the complexity of the
flow, a new algebraic model of turbulence
yielded results in satisfactory agreement
with those of the numerical simulation and
the predictions of the theory.

This work was done by Philippe R.
Spalart and Barrett S. Baldwin of Ames Re-
search Center. Further information may be
found in NASA TM-89460 [N87-24642], “Di-
rect Simulation of a Turbulent Oscillating
Boundary Layer.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra fee
by calling (800) 336-4700. ARC-11858

Simulated Hypersonic
Flows About a Blunt Body

Unsteady and steady flows
are compared.

A report describes a computer numeri-
cal study of two-dimensional, unsteady, vis-
cous, hypersonic flows of air about a blunt
body with an impinging shock. This kind of
flow represents many practical phenome-
na; for example, the interaction of the fluc-
tuating bow shock of a hypersonic airplane
with the shocks of the leading edge of a
wing or of the lip of the cowl at the inlet to
the engine. Such interactions give rise to
complicated, moving shock-on-shock pat-
terns.

The two-dimensional body consists of a
circular cylinder that caps a planar slab.
The flow is represented by the unsteady,
thin-layer, Navier-Stokes equations for a
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perfect gas with laminar boundary layer.
The unsteady interaction is represented by
the downward motion, at constant speed,
of the impinging shock across the bow
shock of the body. The Navier-Stokes equa-
tions are incorporated into, and solved by, a
high-resolution, implicit, second-order-
accurate (in time and space), total-varia-
tion-diminishing algorithm that was devel-
oped for transonic and supersonic flows
and was extended recently to hypersonic
and equilibrium real-gas flows.

Previous studies have shown that in
steady flows, various kinds of shock inter-
actions occur, depending on the freestream
conditions and the angles and locations of
impingement of shocks. Experimental data
on steady supersonic flows have led to the
identification of six different types of in-
teractions, denoted as types | through VI.
The present numerical simulations of
unsteady hypersonic flows predict shock
interactions similar to those observed in
the steady supersonic flows. However, in
these simulations, the peak surface pres-
sures do not seem to occur during the
Type-IVinteraction as they do in the steady
supersonic flows. The significance of this
fact is that the Type-lll interaction occurs
over a range of angles and positions of im-
pingement of shocks much broader than
the range for the Type-IV interaction. Also,
the details within the shock layer differ ap-
preciably. For example, boundary-layer
separation and transient supersonic jets
flowing parallel to the surface of the blunt
body occur in the unsteady, but not in the
steady, shock interactions.

This work was done by P. Kutler and H.
C. Yee of Ames Research Center and G.
H. Klopfer of NEAR, Inc. Further informa-
tion may be found in NASA TM-100096
[N88-22650], “Numerical Study of Un-
steady Viscous Hypersonic Blunt Body
Flows With an Impinging Shock.”

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

ARC-12251

Propagation of Pulse
Vibrations in
Large Structures

Dispersion, damping, and
confinement are studied.

Astudy yields new insights into the prop-
agation of pulse-excited vibrations in large,
complicated structures. Special attention
is paid to the dispersion, damping, and trap-
ping of pulses. The understanding of these
effects can help such endeavors as de-
signing tall, thin buildings to resist high
winds and earthquakes.

A conventional finite-dimensional math-
ematical model of a structure may not

represent adequately the high-frequency
components of vibrational response. Con-
sequently, in this study, the response to a
pulse excitation (which has considerable
high-frequency content) is represented by
a system of small-amplitude pulses propa-
gating as characteristic waves. The dy-
namics of these pulses are represented by
linear equations with delay arguments,
which eguations complement the conven-
tional finite-dimensional model.

The dynamical equations are put in the
customary matrix form, and the general
form of the numerical solution is written in
closed form in terms of the excitations. The
responses to pulse excitations are also
studied analytically with the help of z trans-
forms. Periodic, quasi-periodic, and non-
quasi-periodic excitations are represented
by sums of pulses with various finite or in-
finite numbers of terms with various com-
mensurate or incommensurate delays be-
tween them.

These technigues of analysis are illus-
trated by applying them to structures ex-
cited by harmonically repeated pulses. It is
shown that the vibrational responses of the
structures qualitatively resemble the mod-
al responses to sinusoidal excitations. The
resemblance disappears and new phenom-
ena emerge in the presence of nonperiodic
excitations. For example, when there are
certain similarities between the nonperiod-
ic excitations and the nonperiodic proper-
ties of the structures, resonances can oc-
cur.

The study reaches three main conclu-
sions that are particularly relevant to the
design of structures that can resist dam-
age when excited by pulses:

1. Propagating pulses are dispersed by
such structural irregularities as joints be-
tween members of unequal length. The
effect of dispersion is related to the loss of
periodicity of pulse motion. A pulse is split
irreversibly when it passes such a joint.

2. Pulses can be damped by appropriate
combinations of elastic and dissipative
properties of joints. There is an optimal
relationship between these two proper-
ties that provides the most effective
damping.

3. The nonsymmetrical properties of joints
can be exploited to obtain a pulse-trap-
ping effect that can protect a structure.
More specifically, the reflection and
transmission coefficients for waves com-
ing from one side of a joint are different
from those for waves coming from the
other side. An appropriate selection of
these coefficients leads to localization of
pulses within certain parts of the struc-
ture, where they can be damped later.

This work was done by Michail Zak of

Caltech for NASA’s Jet Propulsion Labo-

ratory. 7o obtain a copy of the report, “Dis-

persion, Damping and Confinement of Prop-
agating Pulses in Large Space Structures,”

Circle 144 on the TSP Request Card.

NPO-17559
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Testing Bearing Balls for Ignition in Liquid Oxygen

Balls are heated in flowing liquid oxygen to simulate behavior in turbomachinery.

Marshall Space Flight Center, Alabama

An inexpensive, safe apparatus has
been built to test cooling by, ignition in, and
nucleate boiling to film boiling of liquid oxy-
gen flowing around ball bearings. The ap-
paratus provides for the heating of bearing
specimens, direct observations, and meas-
urements of temperatures and tempera-
ture distributions by thermocouples and in-
frared sensors. It is used to evaluate the
suitability of various materials and surface
treatments for ball bearings in high-pres-
sure liquid-oxygen turbopumps.

In the apparatus, a specimen ball is held
on the axis of a pipe (see figure). A gland fit-
ting seals the pipe during tests and allows
access to the fixture for the insertion and
removal of specimens. Copper electrodes
pass through holes in the gland fitting to
make contact with the specimen. Four ther-
mocouples are embedded in the ball, and
the thermocouple leads are brought out
through an axial hole in the upper elec-
trode.

During a test, liquid oxygen at a pres-
sure up to 800 Ib/in.2 (5.5 MPa) flows along
the pipe and around the specimen while a
current of up to 4,000 A in the copper elec-
trodes heats the specimen. A viewer can
observe the flow and boiling of the liquid ox-
ygen and the ignition of the ball through a
port extending at an angle from the pipe.
Alternatively, an infrared-sensing device
can be positioned at the port to map the
distribution of temperature on the surface
of the ball. Meanwhile, the thermocouples
provide a record of the temperature at
points in the ball before, during, and after
boiling and ignition.

By reversing the direction of flow of the
liquid oxygen, one can observe either the
upstream or downstream side of the ball.
The thermocouples can be positioned be-
fore the test by rotation of the ball to the de-
sired orientation.

This work was done by William R.
Wagner, Constantine Peroulias, and Louis
H. Pidcoke of Rockwell International Corp.
for Marshall Space Flight Center. No fur-
ther documentation is available.
MFS-29410
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Specimen Ball With
Axial Hole for
Electrodes and Four
Radial Holes for
Thermocouples
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The Ball Rests in the Fixture while liquid oxygen flows around it. The flow can be reversed so
that an observer or an infrared sensor can view the phenomena on the trailing or leading side
of the ball. The ball shown here is 1 in. (2.54 cm) in diameter and is made of 440C stainless
steel.
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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.

Rubbing Between
Rotors and Stators

Dynamical effects that
damage turbomachinery
are described.

A report describes experimental and nu-
merical-simulation studies of the dynami-
cal effects of rubbing between rotors and
stators in turbomachinery. The purpose of
this study was to gain improved under-
standing of such rubbing phenomena, with
a view toward (1) contributing to tech-
niques for the diagnosis of rubbing (e.g., via
the analysis of vibrations), (2) predicting
more accurately the limiting operating con-
ditions (e.g., maximum rotational speeds
and loads), and (3) improving design crite-
ria to prevent rubbing damage in high-per-
formance rotating machinery.

The studies were concerned with two
machines: one that simulated the high-
pressure-fuel turbopump (HPFTP) of the

main engine of the Space Shuttle; and a
smaller, simpler, two-bending-mode-rotor
rig designed for more generic studies of
rubbing. The experiments on these ma-
chines produced a wide array of results,
confirming the richness of rotor-to-stator-
rubbing phenomena. Some of the observed
phenomena, such as fluid-induced instabil-
ities and internal-friction instability, were
not correlated with rubbing.

The influences of several factors upon
the responses of rotating systems were in-
vestigated. The main focus was on the
lateral vibrational responses modified by
rubbing of the rotor against the stator. The
emphasis was on the vibrational modes of
lowest order because these modes are im-
portant in the dynamics of rotors. Of the
factors and parameters that affect the rub-
related dynamics of rotors, the two most
thoroughly investigated were the speed of
rotation relative to the spectrum of natural
vibrational frequencies, and the radial pre-
load force. It was shown that the patterns
of rotor vibrations vary with the values of
these parameters. Other factors that were
studied included the materials, surface fin-
ishes, and hardnesses of the rubbing ele-
ments; unbalance in the rotor; the geome-
try of the rubbing area of the stator; and
rubbing at several axial locations.

The report contains 16 chapters and 3
appendixes. Chapter 1 is an introduction.

The second chapter reviews the literature
on rotor/stator rubbing. The third chapter
provides a more specific characterization
of rubbing. Chapter 4 describes the. initial
design assumptions and data for the
HPFTP-simulating test rig. Chapter 5 sum-
marizes the results of tests of bearings
used to simulate interstage seals. Chap-
ters 6 and 7 describe the HPFTP-simulat-
ing rig and some preliminary experimental
results from the use of it, respectively.

Chapter 8 presents the results of meas-
urements of dry friction and analysis of the
surface-damaging effects of rubbing. Chap-
ters 9 and 10 describe the two-bending-
mode test rig and the experimental results
obtained with it, respectively. Chapter 11
presents the mathematical model of the
rubbing rotator/bearing/seal/stator system.
Chapter 12 presents the results of tests on
the HPFTP-simulating rig. Chapter 13 de-
scribes the results of experiments on rotor-
to-stator rubbing contact in the two-bend-
ing-mode test rig. Chapter 14 describes the
computer code for the simulation of the dy-
namic responses of the rotor-to-stator rub-
bing system. Chapter 15 presents some of
the computer-generated results.

Chapter 16 presents conclusions — in-
cluding a discussion of the influence of rub-
bing on the dynamics of rotating machin-
ery, of the prevention of rubbing, and of the
use of vibration-measuring and data-proc-
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essing instrumentation — and hints on the
diagnosis of rubbing. Appendix 1 presents
data from HPFTP hot-fire tests. Appendix 2
is a conference paper that includes results
of the rotor/stator-rubbing study. Appendix
3 contains information on the electronic in-
strumentation used in the experiments.

This work was done by Agnes Muszynska,
Donald E. Bently, Wesley D. Frankiin,
Robert D. Hayashida, Lori M. Kingsley, and
Arthur E. Curry of Bently Nevada Corp. for
Marshall Space Flight Center. To obtain
a copy of the report, “Influence of Rubbing
on Rotor Dynamics,” Circle 8 on the TSP
Request Card. MFS-27226

Aerobrakes for a
Manned Mars Mission

Aerobrakes will make a
round-trip flight to
Mars possible.

A paper presents the results of a study
of aerobraking in a manned mission to
Mars. The paper describes the geometry
and aerodynamic characteristics of the
aerobraked vehicle. It discusses the com-
puter program, WTRAJ, that was used to
simulate trajectories near planets. It
analyzes the aerocapture processes for
both Mars and Earth. It examines the mass
efficiency, or saving in propellant mass, af-
forded by aerobraking.

Aerobraking would be used instead of
retrorocket propulsion to slow the space-
craft for entry into the Martian atmosphere
as well as for retumn to the Earth. The
reduction in the amount of fuel required
would more than compensate for the add-
ed weight of the braking apparatus and its
heat-shield system. The mass of fuel saved
would be at least 30 percent of the mass of
the entering vehicle at both Earth and
Mars.

The study was based on an aerobrake
design that has been developed over sev-
eral years and accounts for thermochemi-
cal relaxation effects in real gases in both
the Martian and Earth atmospheres. The
paper suggests that two aerobrakes of dif-
ferent size will yield the best performance
in three principal phases of the mission:
one aerobrake for aerocapture over Mars
and descent of a surface lander and
another aerobrake for the return to Earth.
The paper concludes that the benefits of
aerobraking are so great that they could
make the entire mission possible.

This work was done by G. P. Menees of
Ames Research Center. Further informa-
tion may be found in N88-11700, “Aeroas-
sisted-Vehicle Design Studies for a Mann-
ed Mars Mission.”

Copies may be purchased [prepayment
required] from AIAA Technical Information
Services Library, 555 West 57th Street,
New York, New York 10019, Telephone
No. (212) 247-6500. ARC-12117
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Viewing Welds by ComputerTomogrph T i !‘

A computer-aided technique yields images for evaluation of welds.

Marshall Space Flight Center, Alabama

A computer tomography system is used No further documentation is available.
to inspect welds for root penetration. The MFS-29555
system offers the only nondestructive way
to check penetration from outside when
the inner surfaces are inaccessible.

A source illuminates the rotating welded
part with a fan-shaped beam of x rays or
gamma rays (see figure). Detectorsin a cir-
cular array on the opposite side of the part
intercept the beam and convert it into elec-
trical signals. A computer processes the
signals into an image of a cross section of
the weld. The image is displayed on a video
monitor (see Figure 2).

Computer tomography thus provides an
image of the interior of a weld similar to the
microscopic views provided by metallurgi-
cal sectioning. Unlike sectioning, however,
tomography does not destroy the speci-
men and gives results almost instantly.

This work was done by Antonio G. Pascua
and Jagatjit Roy of Rockwell International EXCHANGER IMAGE AT PLANE OF PRIMARY WELD 3
Corp. for Marshall Space Flight Center. 400 KV, 2 X 2 COLLIMATION
Figure 1. A Video Image of the cross sec-
tion of a weld results from computer pro- OVERVIEW TOMOGRAPH SHOWING REGIONS MARKED FOR ADDITIONAL PROCESSING
cessing of signals from detectors.

{ ( lntarvace Weld
‘ Drop-
‘ Source of TthUgh

Radlation

TOMOGRAPHS OF REGIONS LL (LINER LEFT) AND LR (LINER RIGHT)

Computer
Figure 2. The Computed Tomographic Image of a weld in a heat-exchanger assembly in-
cludes regions framed for additional processing. The additionally processed images for two

Display and |
Memory s
o %
of these regions (below) show more detail in scan planes that intercept a mounting bolt in a

e e : threaded cavity. A weld drop-through is evident.
NASA Tech Briefs, July 1990 79



J

Resistance-Welding Test Fixture
Realistic welding conditions produce reliable specimens.

Marshall Space Flight Center, Alabama

A simple fixture holds resistance-weld-
ing test specimens. The fixture provides for
flows of heat and electrical current similar
to those encountered in manufacture.

The fixture (see figure) holds specimens
of foil and screen for welding onto stain-
less-steel plates. A specimen holder and
clamps secure the samples while an oper-
ator welds each pair by applying a resist-
ance-welding tool through notched open-
ings in lids.

Electrical current and heat flow through
the sample, the copper holder, and alu-
minum clamps. Other parts are made of
thermally- and electrically-insulating poly-
(methylmethacrylate). When the welded
specimens are subjected to tensile peel
tests, they accurately represent produc-
tion parts. Microscopic comparisons of
specimens assembled in the fixture and
production parts have verified the authen-
ticity of the simulated conditions.

This work was done by Andrew D.
Brennan of Rockwell International Corp.
for Marshall Space Flight Center. For
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further information, Circle 29 on the TSP
Request Card. MFS-29426
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Removing Burrs in Confined Spaces

The right tool makes a normally impossible job easy.
Marshall Space Flight Center, Alabama

A special tool has been proposed to re-
move burrs on ring edges left by the opera-
tions of a hollow mill near the bases of
round posts. The tool was conceived be-
cause the posts are placed so closely to-
gether that ordinary and makeshift tools
can damage the adjacent posts and are
difficult or impossible to use in the narrow,
deep spaces surrounding the edges to be
deburred. Although the tool is designed
specifically for use on hollow liquid-oxygen-
injector posts of a spacecraft engine, the
general tool concept is adaptable to similar
deburring problems on otherwise inac-
cessible parts. The proposed tool is an ex-
ample of the design of a simple special tool
to do a job that cannot be done with com-
mercially-available, general-purpose tools.

The figure shows the tool in the operat-
ing position on a post between two adja-
cent posts. The cylindrical sheath of the
tool is aligned at the lower end by contact
with part of the outer surface of the post. At
the upper end, the tool is aligned by the in-
sertion of a round-headed pin into the axial
hole in the post. A long control rod is
equipped with a knurled handle at the up-
per end and is made in two pieces that are
joined together by a threaded coupling.

When the control rod is pushed down-
ward toward the position shown, the blade-
positioning pin on the control rod slides

Control Rod
Extends or
Retracts Blade

T~ Round-Headed Pin

Bl| T atigns Tool with

Upper End of Post

Threaded Coupling
|__—— Adjusts Length of
Control Rod

Adjacent
Post

Sheath _«}
of Tool

Blade-Positioning
Pin on Control Rod ~~

Burrs To
Be Removed

From These <
Edges of Post

Blade-Positioning
Pin Fixed —
to Sheath

Section

Burrs on Three Milled Edges near the bot-
tom of the middle post are removed by a
blade rotated around the post in the
specially designed tool.

NASA Tech Briefs, July 1990

downward in the long, upper slot in the
blade, causing the blade to move inward
toward the post. When this pin reaches the
bottom of the long slot, it pushes the blade
downward against the other blade-posi-
tioning pin, which is fixed in the sheath of
the tool; this downward motion against the
fixed pin also pushes the blade toward the
post. Edges of the blade are ground to just
the size and shape to meet the edges to be
deburred at the end of the downward and

inward motion. After the tool is thus placed
in the operating position, it is turned around
the axis of the post to cut off the burr.

Two ball detents hold the control rod in
the operating position; the threaded cou-
pling can be used for fine adjustment of the
operating position of the blade when the
rod is in this lower detent position. The
blade is pulled outward from the post by
withdrawing the rod upward to a single-de-
tent position.

This work was done by Friedrich Windbiel
of Rockwell International Corp. for Mar-
shall Space Flight Center. No further
documentation is available. MFS-29392
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Preloaded Composite-Strut/End-Fitting Joint

This strong, lightweight joint would resist loosening.

Marshall Space Flight Center, Alabama

A proposed structural joint between a
composite (e.g., graphite-fiber/epoxy) strut
and a metal end fitting would be strong and
light in weight. The joint would be config-
ured to distribute stresses fairly uniformly,
with little interlaminar stress. The joint
would resist loosening under reversals of
loads and changes in temperature.

The joint would be integral with the strut,
which is a round composite tube. The met-
al fitting would be tapered about 6° and
would include exterior grooves that would
resemble Acme threads except that they
would have rounded corners and fillets.
The fitting would also have longitudinal
slots to allow a small amount of radial
deflection for preloading and for relief of
thermal stresses (see figure).

The strut and joint would be made simul-
taneously in a layup process. Starting from
the extreme, inner-radius end of the fitting
(the left end of the fitting in the figure), the
composite tube would be built up in suc-
cessive layers that would extend into the
grooves. Thus, when completed, the joint
would transmit loads in almost the same
manner as that of a toothed belt and pulley
used to transmit power. The joint would be
covered by a high-tension-filament over-
wrap.

The composite material would be cured
at 625 °F (329 °C). To provide for a preload
and to prevent loosening that would other-
wise be caused by differential thermal ex-
pansion and contraction between the met-
al and the composite material, the end of

Overwrap

Tapered
Preloading
Ring

e

s

r—— Compression

SECTION A-A
PRELOADED STRESS PATTERN

Filament

Tapered
Preloading
Ring

The Composite-Strut/Metal-Fitting Joint would be built up integrally with the strut in a layup
process. The joint would remain tight under reversals of loads and changes in temperature.

the metal fitting would be compressed be-
fore layup by a tooling ring or by part of the
mandrel used to form the strut. The tooling
ring or mandrel would be coated with a
mold-release material so that it would not
become bonded during the cure. After the
cure, the tooling ring or mandrel would be
removed, and the resulting springback of
the metal fitting would apply some preload.

The final component of preload would be
applied by inserting a tapered ring in the fit-
ting to expand the slotted segments.

This work was done by Dean S. Monitor
of Martin Marietta Corp. for Marshall
Space Flight Center. For further informa-
tion, Circle 130 on the TSP Request Card.
MFS-28339
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