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FOLLOWING THE TRACKS

NO ONE ELSE CAN SEE

hundred years ago,
no one could match

the American Indian
for tracking animals
or men through the New
Mexico desert. Today, NASA's
Tracking and Data Relay
Satellite System (TDRSS) in S8
White Sands tracks a different .
quarry—satellites and orbital 5.
e B e spacecraft.
Using three satelhtes and a single ground station,
4 \c/’ TDRSS “sees” satellites in areas other ground-based
: @ systems can't cover. For satellites in low Earth orbit it
can provide 85% coverage—70% more than previous
tracking systems.

As a major contributor to the original TDRSS project,
Harris supplied ground communications, telemetry, and
control systems, as well as space-deployable antennas &
on board the tracking and data relay satellites. o &

Now Harris heads a team competing to design a new . -

TDRSS installation. Our low-risk, modular approach will ‘* jﬁm

lower maintenance costs, improve. operability, and
upgrade the availability of user services."And thanks to
Harris’ experience on the most advanced aerospace
= and communications projects, the new system will

. employ exciting breakthrough technologies like VHSIC.

%% Find out how Harris is blazing new trails in satellite

.. . tracking technology. Call Harris Government Systems
==~ TOLL FREE at 1-800-4-HARRIS, Ext. 2650.
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It takes quite a computer
to design a computer.

When IBM design engineers need a workstation to design the future, they turn to
the IBM RT" system for developing everything from circuits to software.

More and more commercial users are also recognizing that the RT’s power,
enhanced connectivity, extensive application library, outstanding graphics and
low price make it the system-of-choice to build on. Medical practices, bridge
builders and retail chains are among those that have already

IBM RT™ Specifications

po put the RT to work.
OversigSpen The IBM RT is a high-performance system based on

S ancesc wraa rea, | REAuced Instruction Set Computer (RISC) technology, an

Basic, VS Fortran, Fortran 77, RM

b =5 innovation pioneered by IBM to execute most instructions

Oracle,™ Ingres

N anesss 17001100 in a single cycle. Designed with the UNIX" environment in
nanoseconds. 20MHz Motorola 2 . .
o el mind, the RT can run hundreds of existing programs and

RT is a trademark of the IBM Corporation.

UNIX is a trademark of AT&T Bell Laboratories.

Ethernet is a registered trademark of Xerox Inc.

NFS (Network File System) is a trademark of SUN Microsystems.
Oracle is a trademark of the Oracle Corporation.
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take full advantage of future AIX and UNIX innovations.

To meet your complex communications requirements, the RT supports
TCP/IP, ASCIL SNA, Ethernet, Token-Ring and NFS™ networking configurations
for homogeneous/heterogeneous distributed networks for up to 32 users per RT.
And you can easily customize your RT system to your particular needs using
languages and programming tools for commerecial, scientific and expert svstem
applications.

Add to this winning formula the RT’s advanced memory management, data
base management systems, floating point capabilities and IBM’s unparalleled
service and support. And you've got quite a computer, indeed.

To arrange for a call from an IBM marketing representative or an IBM

industry remarketer, or for literature, call 1-800-1BM-2468, Ext. 41.

=572, '|'he Bigger Picture
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RELIABILITY!

Manufacturers nationwide rely on the high quality
and timely delivery of Aurora Bearing Company
products. Select from a complete family of
general purpose, economy, extra strength and
heavy-duty rod ends to 2” bore size. Quality
1-piece race, swaged construction, precision
ground balls for maximum trouble-free perfor-
mance. Aurora Bearing, THE MOTION TRANSFER
SPECIALISTS, will customize units to your special

materials and linkage re-
quirements.

Aurora Bearing is an OEM
supplier of rod ends and STANDARD
special linkages to the ROD ENDS
following industries:

* HEAVY TRUCKING &
TRANSPORTATION
¢ PRINTING EQUIPMENT

* AUTOMATION &
PACKAGING
MACHINERY

¢ AIRCRAFT—

AEROSPACE

* OFF-HIGHWAY
CONSTRUCTION ggg%ﬂislg
EQUIPMENT LINKAGES

* FARM MACHINERY
AND EQUIPMENT

* RACING CARS OF ALL
TYPES

* AND MANY MORE. ..

Let Aurora Bearing apply its

manufacturing, application, J‘-
and design expertise to your
needs. Call or write today for
technical assistance, price o
and delivery on your rod end
and special linkage applica-
tions.

WRITE FOR
CURRENT

CATALOG m b

Aurora Bearing—the MOTION MADE IN US.A.
TRANSFER SPECIALISTS!

’ : AURORA BEARING COMPANY
AURORBP 970 South Lake Street
. -

Aurora, lllinois 60506 - Ph. 312 859-2030
-» TELEX: 280079 AUR BRGS/FAX #8590971
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The Constrained Curve

The geometric path traced by a rwbot arm 1s independent of time. Now a
mathematician at the General Motors Research Laboratories has devised
a simple, innovative way to relate the path to time so that the machine
can track the path and meet specific performance objectives without
exceeding its physical operating limifs.

3 —Axis Robot Arm

Figure 1: Schematic diagram of a 3-axis wbot
tracing a path in 3-space.

Figure 2: Results for Figure 1 path. I: Plot of the
change of variables, t=h(t). I, Ill, and IV: Nor-
malized velocity, torque, and rate of change of
acceleration for the waist, shoulder, and elbow
(for any vanable, a value of *1 indicates oper-
ation at a limit).

Industn'al robot arms are very good
at repeating a well defined motion
with a high degree of accuracy. A robot
with a welding tool, a paint sprayer,
or a grasping device at its tip can weld
in the right spot, spray a precise pat-
tern, or locate a part in a given place
time after time.

This untiring precision makes
robots valuable in a quality-oriented
manufacturing process such as the
assembly of an automobile. That’s why
General Motors has installed so many
robotic manipulators in its plants, and
why GM is intent on developing tech-
nology and software to use these
machines to their best advantage.

When a robot is to apply sealant
to a windshield opening, or move a
part from one point to another, its tip
is positioned at points along a fixed
geometric path, always maintaining the
orientation needed to perform the task.

Mathematically, tip position along
the path can be described as a func-
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tion of a one-dimensional position
parameter 7 that ranges from 0 to 1
as the path evolves from beginning to
end. Actually, for a robot having three
joints, Figure 1 for example, tip posi-
tion is determined by a set of three
functions of 7, one for each joint of
the arm. Each separate joint function
relates a specific angle of rotation, 6,
about that joint axis to a given value
of r.

To get the robot to perform a task,
however, its computer controller must
associate each point on the path with
some value of time—in effect telling
the robot to be in position A at a cer-
tain time, position B at another time,
and so on, throughout the path.

Establishing an appropriate cor-
respondence between time and the
path position parameter is an impor-
tant prerequisite to actually controlling
the robot to follow the path.

Dr. Samuel Marin, a mathema-
tician at General Motors Research
Laboratories, has devised an effective
and efficient means of computing the
required correspondence. His work
addresses productivity concerns.
Dr. Marin's objective is to make cycle
time (the time it takes the robot to
trace the path from beginning to end)
as small as possible, yet to respect at
all times the physical operating limits
of the robot.

Dr. Marin noted that by seeking
a correspondence that gives time
explicitly in terms of the path position
parameter, t=h (7), the problem’s
character changes. It appears not so
closely associated with control theory,
where the problem has also been
studied, but more like a problem of
nonlinear optimization.

Setting g(7)=h(r), the derivative
of h with respect to 7, allowed Dr.
Marin to pose the minimum time prob-




lem in the following way: minimize
[o g(7) dr, subject to some constraints
dictated by the physical operating
limits of the robot mechanism. These
limits on the robot—limits on velocity,
acceleration or torque, and on rate of
change of acceleration (Fig. 2)—can
all be formulated as differential inequal-
ity constraints and are all expressible
in terms of the unknown function
g(r), as: g(r) = G(r,g,g'g" 7€[0,1].

If the problem could be discretized,
making it in some sense finite, it
could be put on a computer and solved
numerically. So Dr. Marin replaced the
unknown function with a piecewise
cubic approximation.

This allows the search for the
unknown function to be confined to a
class of functions that are completely
characterized by a finite number of
coefficients in a B-spline series.

He similarly discretized the con-
straints, replacing the infinite set of
constraints with a finite dimensional
subset that could be dealt with numer-
ically.

He completed the formulation of
the discrete problem by incorporating
a grid-refinement strategy. Now the
problem’s dimension could be grad-
ually increased to better approximate
the continuous case.

What resulted was a classic non-
linear optimization problem, a finite
dimensional problem in which it
remained only to find the coefficients
of the B-splines while satisfying the
constraints.

A monotonicity property of this
problem coupled with properties of
the approximation method suggests
that the simple technique of cyclic
coordinate descent might best provide
a solution.

“While not so effective in other
applications, a cyclic coordinate
descent-based algorithm appears to be
exactly what is needed in this class of
problems; notes Dr. Marin. “With
modifications introduced to ensure
that the iterates are strictly feasible,
this method has consistently and rap-
idly solved the problem?”

Working closely with mathema-
ticians at Rensselaer Polytechnic Insti-
tute, Dr. Marin is confirming this
method’s utility. In comparisons so far
with several widely used, general-
purpose optimization codes, the spe-
cial method consistently shows itself
to be superior.

“My work in path parametriza-
tion is just part of the story here at
GM; emphasizes Dr. Marin. “Many
aspects of this problem’s formulation
are rooted in deeper concerns about
how robots can be made to move faster
and more accurately. These concerns
originated in the work of Dr. Robert
Goor, my colleague in the Mathemat-
ics Department, and have motivated
several significant advances in robot
control and trajectory planning.

“Until all the pieces are put
together in a production system, it’s
difficult to gauge the full value of this
work. However it will help reduce our
manufacturing costs and will enhance
our product quality”

General Motors

WORK

Dr. Sam Marin is a Senior Staff
Research Scientist in the Mathemat-
ics Department of the General Motors
Research Laboratories. He is also the
Manager of the Department’s Mathe-
matical Analysis and Computation
Section.

Dr. Marin received his undergrad-
uate degree in mathematics from St.
Vincent College in Latrobe, Pennsyl-
vania, and holds both an M.S. and a
Ph. D. in that discipline from Carnegie-
Mellon University. Between graduate
degrees, Sam was an officer in the
U.S. Navy, teaching mathematics at
the Naval Nuclear Power School.

Since joining General Motors in
1978, Dr. Marin has pursued interests
in numerical analysis and approxima-
tion. He has published research relat-
ing these areas to a variety of appli-
cations, including robotics, geometric
curve design, and acoustics.

Sam is a member of the Society
for Industrial and Applied Mathemat-
ics. He lives in Rochester Hills, Michi-
gan, with his wife and two children.
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Newport’s Programmable
Motion Control System:

An easy, powerful approach
to automating all your
micropositioners

¢ Simultaneous control of up to four axes
¢ Hand-held keypad/display for manual or programmed control
¢ “Easy-to-use built-in programming language”
¢ Standard RS-232C and IEEE-4888 ports
Easy interfacing and remote computer control

* Wide range of micrometer-replacement actuators
Easily retrofit your existing Newport mounts and stages for automated
0.1 micron/0.001° resolution positioning control

Newport’s Model 855 Programmable Motion Control System is part of our
comprehensive line of precision motion products. See page E-12 of our catalog or call
for more information.

e

714/965-5406

Newport Corporation

18235 Mt. Baldy Circle Ne Or-t
Fountain Valley, CA 92708

Europe: Newport GmbH, Ph. 06151-26116

UK. Newport Ltdq Ph. 05827-69995 ©1988 Newport Corporation
Circle Reader Action No. 540






Technology that
takes d:sglgn
capabilities to

a whole

new plane.

Advanced Composite Systems

Design Freedom. Like no other carbo
fiber supplier, we can help you desig
beyond the limits of today's technolog)
Our advances in thermoplastic prepreg:
for example, offer a whole new world ¢
materials solutions for both aircraft an
aerospace applications.

Advanced Properties. Our thermoplas
tic composite systems offer distinct ney
advantages. They're reformable. Requir
no refrigeration. Offer superior toughnes
in high temperature situations. An
require a minimum of manufacturin
time.

Strategic Advantages. We're currentl
the only U.S. based fully integrated manu
facturer of carbon fibers. From precurso
to prepregs we offer the security of totall
domestic production at our Greenville
South Carolina plant. So if domestic fiber i
as important to you as it is to us, evaluat
our fibers for your next project.

Multidimensional Commitment. Wear
dedicated to all areas of composites tech
nology: precursor, carbon fibers, an
thermoset and thermoplastic resins
We've been on the leading edge o
research and development for composite
since the early 1960’s. Our domestic plant
are state-of-the-art, computer controlle
facilities. And our technological support i
second to none. Even one-on-one if that’
what your project requires.

Call us. Ask questions. The earlier yo
involve us in the development process, th:
more solutions we can help you find. Yo
can reach Amoco Performance Product:
Customer Service at [-800-222-2448.

We can help even your most advance:
designs take off.

THE ALL AMERICAN SOLUTION

g5

Amoco Performance Products
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New Product ldeas

New Product Ideas are justa  priate section in this issue. if you  length article or by writing the
few of the many Innovations are Interested in developing a Technology Utilization Office of
described in this Issue of NASA product from these or other NASA  the sponsoring NASA center (see
Tech Briefs and having promising  innovations, you can receive fur- page 16). NASA’s patent-icensing
commercial applications. Eachis  ther technical information by re- program to encourage commer-
discussed further on the questing the TSP referenced at clal development is described on
referenced page in the appro- the end of the full- page 14.

Dual-Cathode Electron-
Beam Source

A highly-reliable electron-beam source
uses two side-by-side cathodes so that if
one cathode fails, the other can be turned
on. The source is intended for uninter-
rupted service in electron microscopes,

electron-beam lithography equipment,
Auger instruments, and microfocused
x-rays sources. (See page 37).

Video Analog Signal Divider

A video analog signal divider produces
a black-and-white composite video signal

The best flexible
multi-layered ducting
on the market is

taking orders now...

CHEMICAL

for new applications.

Only Clevaflex flexible ducting can be custom engineered and manufactured with up to
five plies of different materials to solve most air, fume or particle transport problem.
Choose from any combination of aluminum, steel, stainless steel, woven
fiberglass, plastic film or paper to impart specific product characteris-
tics such as strength, corrosion resistance, dielectric properties,
temperature resistance and more. The plies are spirally wound,
bonded and then corrugated for flexibility. There is no inter-

weaving between plies.

Available in precision tolerances from 3/4” 1.D. to 16” 1.D., with
negative or positive working pressures of up to 20" water column.

To find out how Clevaflex can help you with your special
ducting application needs, call or write for a FREE bro-
chure and product sample. Clevaflex, Inc., 4081 W.
150th St., Cleveland, OH 44135. (216) 941-6505,
1-(800)-548-1226, Fax (216) 941-8742.

Glevafiex

AVIATION

PERFORMANCE DUCTING THROUGH
MULTI-PLY TECHNOLOGY

based on the color ratio. The device is in-
expensive, uses the signal from a stand-
ard red/green/blue camera as input, and
can be used to produce quantitative ther-
mal images on two-color phosphor coat-
ings. (See page 44).

Diffraction-Coupled, Phase-
Locked Semiconductor
Laser Array

A monolithic array of AlGaAs/GaAs
semiconductor injection lasers emits a
far-field beam much narrower than that of
a single laser of the same type. A peak
output of 11 W was obtained under
pulsed, low-duty-cycle conditions. Ap-
plications may include recording, print-
ing, and range finding. (See page 38).

7 PR S T
Compact Ho:YLF |

An improved Ho:YLF laser radiates as
much as 56 mW of power at a wave-
length of 2.1 mm. The new Ho:YLF laser
is more compact and efficient than are
older, more powerful devices of this type,
thanks to the recent successes in the use
of diode lasers to pump other types of
solid-state lasers. (See page 66).

_aser

Continuous Production of
Refractory Microballoons

A proposed continuous process for the
direct production of microballoons from
molten refractory materials promises to
reduce the cost, improve the product uni-
formity in size and shape, allow for a wide
selection of microballoon sizes and
shapes, and eliminate costly temperature

12 Circle Reader Action No. 559

Beginning in this

cycling. (See page 80).

n issue, the symbol
W A at left will appear
next to technical briefs
which describe inven-
tions having potential
commercial applications
as new products. The
process for developing a
product from a NASA in-
vention is described at
the top of this page.
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The Scopes. Nicolet digital oscilloscopes offer ten times the accuracy and as
much as one hundred times the resolution of analog oscilloscopes. A wide range of
digitizer speeds provide solutions for virtually every measurement problem. Our
latest plug-in module, the 4570, has 12-bit resolution at the unprecedented digitizing
speed of 10 MHz. Accuracy does not have to be sacrificed for speed! Neither does

Connected via the RS-232 sweep !(‘llgth. ?V’aYef()rnls composed f)f up to 16k da‘ta“p()ints”are‘ avafl'uble re’gardless
# of the speed. Cursor readout of measurement values, “zoom’ expansion to X256,

or the IEEE-488 (GPIB) continuously variable pretrigger data capture, and built-in disk drives all contribute

interface, the power of to Nicolet’s measurement expertise.

modern signal analysis From low cost portables to high performance laboratory systems, Nicolet digital

can be easily realized oscilloscopes were the first and are still the best.

or 608/273-5008 The Software. Powerful, easy to use software packages are available for every
Nicolet scope. Data transfers into the PC as well as mathematical data manipulation
(FFT, integration, RMS, multiplication, etc.) can be accomplished without program-
ming or computer expertise. Waveforms can be displayed on the PC screen, stored
on the disk drive, and plotted on paper. The powerful new Waveform BASIC program
can also operate as a waveform manipulation /anguage. Using commands similar to
standard BASIC, customized waveform calculations can be written quickly and easily.

Capture, analyze, store, and plot data with the convenience and ease of a Nicolet
oscilloscope and Nicolet software.

aEEee | Nicolet

“Instruments of Discovery” :
~ Circle Reader Action No. w d




I you're aregular reader of TECH BRIEFS, then you're already
mdcingmofoneoﬂhelow-md no-cost services provided by
NASA's Technology Utilization (TU) Network. But a TECH
BRIEFS subscri represents only a fraction of the technical
applications/engineering services offered by
the TU Network as a whole. In fact, when all of the components
of NASA's Technology Utilization Network are considered,
TECH BRIEFS represents the proverbial tip of the iceberg.

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

HOW YOU CAN BENEFIT

UTILIZATION

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

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

Aerospace Research Research Triangle Park, NC NASA/UK Technology NASA Industrial Applications
Applications 27709 Applications Center Center (WESRAC)

Center (ARAC) J. Graves Vann, Jr., Director University of Kentucky University of Southern California
Indianapolis Center for Advanced (919) 549-0671 109 Kinkead Hall Research Annex

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

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

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

200
Los Angeles, CA 90007
Radford G. King, Exec. Director

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

(317) 262-5036 Dr. Paul A. McWilliams, One Technology Drive (213) 743-8988

Central Industrial Applications Exec. Director Tolland, CT 06084 (800) 642-2872 (CA only)
Center/NASA (CIAC) (412) 648-7000 Dr. Daniel U. Wilde, President (800) 872-7477 (toll-free US)
Southeastern Oklahoma State U. NASA/Southern Technology (203) 872-7000 NASA/SU Industrial Applications}
Station A, Box 2584 Applications Center Technology Application Center Center

Durant, OK 74701 P.O. Box 24 (TAC) Southern University Department

Dr. Dickie Deel, Director

(405) 924-6822

North Carolina Science and
Technology Research Center
(NC/STRC) (800) 354-4832 (FL only)
Post Office Box 12235 (800) 225-0308 (toll-free US)

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

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

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

University of New Mexico
Albuquerque, NM 87131

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

of Computer Science
Baton Rouge, LA 70813
Dr. John Hubbell, Director
(504) 771-2060

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 aTSPis 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. National Space Langley Research Ctr. Jet Propulsion Lab. George C. Marshall Lyndon B. Johnson
Technology Utilization Technology Technology Utilization NASA Resident Office Space Flight Center Space Center

Officer: Laurance Milov Laboratories Officer: John Samos Technology Utilization ~Technology Utilization Technology Utilization
Mail Code 223-3 Technology Utilization Mail Stop 139A Officer: Gordon S. Officer: Ismail Akbay  Officer: Dean C. Glenn
Moffett Field, CA 94035 Officer: Robert M. Hampton, VA 23665 Chapman Code ATO1 Mail Code IC

(415) 694-5761 Barlow (804) 865-3281 Mail Stop 180-801 Marshall Space Flight Houston, TX 77058
Patent Counsel: Code GA-00 Patent Counsel: 4800 Oak Grove Drive  Center, (713) 483-3809

Darrell G. Brekke NSTL Station, MS 39529 George F. Helfrich Pasadena, CA 91109 AL 35812 Patent Counsel:

Mail Code 200-11 (601) 688-1929 Mail Code 279 (818) 354-4849 (205) 544-2223 Edward K. Fein
Moffett Field, CA 94035 John F. Kennedy Hampton, VA 23665 Patent Counsel: Patent Counsel: Mail Code AL3

(415) 694-5104 Space Center (804) 865-3725 Paul F. McCaul Leon D. Wofford, Jr. Houston, TX 77058
Lewis Research Center Technology Utilization Goddard Space Flight Mail Code 180-801 Mail Code CCO1 (713) 483-4871
Technology Utilization Officer: Thomas M. Center 4800 Oak Grove Drive  Marshall Space Flight NasaA Headquarters
Officer: Daniel G. Soltis Hammond Technology Utilization Pasadena, CA 91109 Center, Technology Utilization
Mail Stop 7-3 Mail Stop PT-TPO-A ‘Officer: Donald S. (818) 354-2734 AL 35812 Officer: Leonard A. Ault
21000 Brookpark Road Kennedy Space Friedman Technology Utilization (205) 544-0024 Code CU

Cleveland, OH 44135  Center, FL 32899 Mail Code 702 Mgr. for JPL: Norman Washington, DC 20546
(216) 433-5567 (305) 867-3017 Greenbelt, MD 20771 L. Chalfin (202) 453-2119

Patent Counsel: Patent Counsel: (301) 286-6242 Mail Stop 156-211 Assistant General

Gene E. Shook

Mail Code 301-6

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

James O. Harrell
Mail Code PT-PAT
Kennedy Space
Center, FL 32899
(305) 867-2544

Patent Counsel:

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

4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-2240

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

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

542-3265

If You Have a Question . . . NASA Scientific & Technical Infor-
mation Facllity can answer questions about NASA's Technology
Utilization Network and its services and documents. The 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 Facllity, 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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Celebrating 25 Years of NASA’s
Technology Utilization Program

y their challenging nature,
B NASA programs are particu-
larly demanding of technological
input. Meeting the aeronautical and
space goals of the past three decades
has necessitated advancements across

James T. Rose a broad spectrum that embraces virtually
ASS/SIant Administra’of for Commercial Prngams every sclentlf’c and techno|0g|ca|
National Aeronautics and Space Administration

discipline.

This technology is simply knowledge,
or “know-how," and like other forms of
knowledge it is transferable; once the

technology is developed, it can be reap-
' he E M H plied to uses different—often remotely
so—from the original application. Thus,
the great storehouse of technology
o bs ta c ’ e Vo NASA has acquired constitutes a
s valuable national resource, a bank of
knowledge available for reapplication to
new products and processes of benefit
to the national economy, industrial effi-
ciency and human welfare.

By Congressional mandate, it is
NASA's responsibility to promote expan-
sion of technology transfer in the public
interest. The instrument of that purpose
is the Technology Utilization Program,
through which NASA seeks to en-
courage greater use of its knowledge
bank by providing a link between the
technology and those who might be able
to put it to advantageous use.

This year marks the 25th anniversary
of the Technology Utilization Program.

PERFORMANCE + DESIGN ¢ COST ¢ DELIVERY During the quarter century span, NASA's

own efforts to reapply the technology
Call AMCO for a FREE INITIAL CONSULTATION and cost and those of imaginative entrepreneurs
estimate...312/671-6670. have generated tens of thousands of
There's little room for compromise when meeting rigid specifications like secondary applications, or “spinoffs.”
MIL 285, or TEMPEST. AMCO has EMI experience going back to 1962 The following 16 pages describe a few
when we developed the first modular EMI system for NASA. We have of the many. It is a random sampling that
since met countless EMI challenges. illustrates the breadth and diversity of

aerospace spinoff and underlines the
scope of the benefits that have accrued.
Some spinoffs offer only moderate in-

Don't be oversold
Most important AMCO will help you prevent buying more or less than

you need. crements of economic gain or lifestyle
Send or call for your free EMI enclosure catalogs — improvement. Many others, however,
#204 for military and heavy duty, #650 for FCC and commercial. have economic values running to
1-800/833-3156, in lllinois call 312/671-6670. millions of dollars. Collectively, they
‘ represent a substantial return on the na-
:ml““l ® tional investment in aerospace research
AMCO Engineering Co. in terms of contribution to the U.S.
3801 North Rose St. Schiller Park, IL 60176-2190 econony, job produicion. INCRINIAL pro-
FAX: 312/671-9469 TWX: 910-227-3152 ductivity, lifestyle innovations and solu-

tions to problems of public concern. [J
16 Circle Reader Action No. 498 NASA Tech Briefs, June 1988



Spinoffs in
Health and Medicine

n aerospace design, every

subsystem must be super-

efficient and ultrareliable,
yet as small and light as technology
permits—requirements that are
shared by many types of medical
devices. That's one reason why the
field of health and medicine has
been a particular beneficiary of
aerospace spinoff.

The United States leads the
world in the technology of building
complete, reliable aerospace sys-
tems in incredibly tiny packages
and that technology has spawned
a line of life-saving medical adap-

tations. An outstanding example
is the cooperative/development of
human-implantable systems by a
group of research organizations
and medical equipment manufac-
turers who applied such space
technologies as advanced long-life
batteries, microminiaturized
components, electronic sensors
and telemetry, the wireless relay
of coded signals for high-volume
two-way communication between
Earth and orbit. Some examples
of the results:
A A rechargeable cardiac pace-
maker that eliminates the

recurring need for surgery to
replace batteries.

An advanced heart pacer that
may be reprogrammed without
surgery—via biotelemetry—as
a patient’s condition changes.
A human tissue stimulator that
provides relief from chronic pain
by sending electrical impulses
to targeted nerve centers.

An automatic implantable
“defibrillator” that senses the
start of fibrillation—in which the
heart loses its ability to pump
blood—and corrects it by send-

ing an electrical impulse to the
heart.
A programmable implantable
system that automatically dis-
penses precisely-measured
medication—such as insulin for
diabetics—to target organs.
Described on these pages are a
few of thousands of applications
of aerospace technology that have
provided extraordinary benefit to
the field of health and medicine.




Spinoffs in

Health and Medicine

ody imaging is the art of

creating pictures of human

interiors to aid physicians
in diagnosis, treatment and surgery
The X-ray is a familiar example. But
where the X-ray shows only bone
structure, medicine now has avail-
able a broad range of body scan-
ning equipment and techniques to
penetrate bone and produce highly
informative images of body tissue
and organs

Much of this technology stem-

med from the space technique
known as digital image process-
ing, developed as a means of

assembling a picture of a planet
or moon from bits of sensor data
sent to Earth in digital form by a
distant spacecraft. Later advances
brought ways to correct sensor
errors, change picture contrast,
emphasize certain features, make
measurements, generally to amplify
the information that can be extrac-
ted from the computerized image
This explosively-proliferating
new technology has spun off to
such varied fields as defense equip-
ment, non-destructive testing,

archeology, chemistry, cartography,

manufacture of printed circuitry,

metallurgy, ultrasonics and seis-
mography. Nowhere has image
processing technology been more
importantly or more effectively
employed than in medicine, where
it has enabled advancements in CAT
scanning, diagnostic radiography,
brain and cardiac angiography,
sonar body scanning and monitor-
ing surgery. The illustrations show
a representative few of the scores
of image processing spinoffs in
medicine.




or lunar exploration, astro-
nauts needed a compact,

lightweight, battery-powered

long-use drill to extract core
samples from beneath the lunar
surface. Under NASA contract a

company developed one, then used

the technology to produce a line
of cordless tools for consumer,

industrial and medical use. That's
one example of how a space
requirement generates new tech-
nology for everyday products; here
are a few others in the field of
health and medicine:

A contractor developed an auto-

matic gas analyzer to monitor

Apollo astronauts’ respiratory

gases; it is now used in hos-
pitals for analysis of anesthetics.
A life-search experiment on

a Mars-landing spacecraft
required development of mini-
aturized valving technology,
which became the foundation
of a family of civil-use fluid
control devices, such as a filtering
system that removes impurities
from blood.

4 Newborn premature babies

are warmed—without noise or
burn hazard—in cradles whose
electricity-conducting canopies
provide controlled radiant heat,

an offshoot of NASA technology
developed for heated cockpit
canopies and astronaut helmet
faceplates.




Spinoffs in

Public Safety

The field of public safety has
been especially susceptible to
transfer of aerospace technology:
Some examples:

A Developed to minimize Space
Shuttle fire hazard, a polyimide
foam material with exceptional
flame resistance is used on
interior furnishings of public-
use aircraft, trains and buses.

4 Available to airport, municipal
and industrial firefighters is a
“bayonet-type” spray nozzle,
developed for Shuttle landing

emergencies, that can be thrust

through the skin of a transpor-

tation vehicle or certain building
materials to deliver extinguish-
ants to the interior

A A NASA-developed device for

detection of invisible flames in
liquid hydrogen propellant tanks
has become a commercial
product for use in hydrogen
generating plants and pipelines.

4 The sophisticated smoke/

fire detecton system used in
the Skylab manned spacecrat
provided the technology for

a home use detection/warning
device.

a A special type of electronic

circuitry developed for space
telemetry provided technology
for a supersensitive industrial
gas leak detector, the same
technology was later applied

to a post-fire arson detection
device and a visual alert system
for the hearing impaired.

s An underwater device that

signals the location of a downed



airliner’s flight recorder borrowed
technology from a NASA/Navy-
developed sonar search/locator
system.




Sp/nq{!s in
Consumer/Home/
Recreation

cho 1, NASA's first experi-

ment in satellite communi-

cations, was a 10-story-size
balloon used as a giant reflector
for “bouncing” radio signals from
one point on Earth to another. For
its skin, NASA needed a material
that was exceptionally thin and
light yet highly reflective. A NASA
contractor came up with a metal-
coated plastic film so fine that
the balloon’s skin was half the
thickness of the cellophane on a
cigarette package. That develop-
ment triggered the growth of a
whole new industry making metal-

lized products with extraordinary
heat reflection or heat retention
characteristics. The technology
transfer process went through a
second circuit when NASA found
that metallized materials were
ideal for protection of spacecraft
crews and components from solar

radiation and extensive space Use,

plus additional R&D, spawned
another round of spinoffs. The list
of applications for consumer/
home/recreational use alone is
uncommonly broad—stadium
blankets, tents, suntanning pads,
wall coverings, drapery liners,

window shades, bedwarmers, wind-
breakers, candy wrappings, food
packaging, to mention only a few

among scores—and there are
many additional applications in
other fields.







Spinoffs in

Environment and
Resources Management

, everal aerospace tech-
nologies have found spinoff
utility in environmental and

resources management applica-
tions. NASA-pioneered satellite
survey of Earth resources,
provided a technology base for
commercial remote sensing
networks. Space image processing
is being used in geology, arche-
ology and pipeline monitoring. And
many types of aerospace instru-
ments and materials are being
employed in such areas as air
quality monitoring and noise
abatement.




Spinoffs in
Food and Agriculture

microwave system dries

agricultural crops with less

chance of quality loss
and a lower energy requirement
than hot-air blowers; it is a spinoff
from space-simulating vacuum
chamber technology. For increased
hog production, some farmers are
using a robotic sow—an artificial
nursing machine for piglets—whose
key element is a miniature heat
pump developed for satellites.
These are examples of many widely
varied aerospace spinoffs in food
and agriculture; a few more are
illustrated.




Spinoffs in

Manufacturing
Technology and
Industrial Productivity

mong examples of aero-

space technology being put

to productive use in indus-
trial facilities are an air flotation
system that allows heavy loads
to “float” over the plant on air
bearings, an adaptation of the
method used by NASA to move
multi-ton launch vehicle segments;
use of the material in Space Shuttle
thermal tiles as an insulator for
the heating chambers of a high
temperature laboratory system:;
and a NASA-developed system
that facilitates robotic welding by
employing closed-circuit TV to

guide an arc welding torch without
human intervention. Some other
examples are pictured




Spinoffs in

Energy

pace-pioneered solar

energy technology has

found wide usage in Earth
heating, cooling and electricity-
generating applications. Among
other spinoff technologies are
heat pipes used to cool spacecraft
electronics and a variety of tech-
niques originally designed to
minimize energy use in aircraft
and spacecraft, now serving the
same purpose in Earth applica-
tions. Among unusual spinoffs
are the employment of space
telemetry in an automatic oil well
production reporting system, and

the use of space-developed power
amplifiers to reduce TV stations’
transmission costs. A




S;’)_i_no/fs /'ni it R
Construction

™ ¥ abric structures and flat
-TL conductor cable for building
electrification are examples
of extraordinary spinoff benefit to
the field of construction, but there
are many others that offer impor-
tant gains in economy, safety and
construction simplification.
A random selection:

. NASA's long experience in
fracture toughness testing for
aerospace hardware contributed
to safety-enhancing test proce-
dures and requirements for all
U.S. federal-aid highway bridges.

& An aluminum color finish that

improves the weather resistance
and attractiveness of commer-
cial buildings is based in part
on an anodizing process

developed to produce a hard

protective finish for spacecraft
exterior surfaces.

Developed for measurement
of bolt stress in wind tunnels,
a NASA bolt monitor provides
extremely precise information

on bolt tensioning in construction
jobs and reduces chance of
serious accidents caused by
overtightened or undertightened
bolts.



of flat conductor cable (FCC)—

-to reduce

§ airpraft and
rerait ant

I

jow in a multiyear, muiti

pt the

technology to design -
1s for commercial buildings and
approval from fire protection

5. Offe

and insurance author

speedy installation, reduced cost of
rewiring and simplified building con
struction, use of FCC has expanded
rapidly since the first commercial
0 979. Above left, an
undercarpet installation. With wiring
out of sight and no vertical wiring

enclosures needed, interior designers
have new latitude in planning attrac
tive “open landscape” office layouts
such as that in top center

A line of cordles

Strong winds can cause a lot of
problems for buildings, particularly
tall buildings, so architects are
increasingly employing “wind
engineering,” a relatively new
discipline that involves testing models
of new huildings in wind tunnels. In
the photo, a leading wind engineer is
setting up a test in a university wind
tunnel; his special technique incor-
porates NASA predictive technology
for comparing simulated with actual
wind flows at levels below 2,000 feet.

tools and instru-
echnology developed
for a lunar subsurface drill includes
f-contained construction tools for
] pOWEr source is not

readily available



Spinoffs in
Transportation

any of the aerodynamic,

propulsion and other

advances that have made
American-built airliners the most
widely operated in the world
originated in NASA aeronautical
research. NASA also applies
aviation-acquired propulsion
expertise to automotive research.
And many other aerospace tech-
nologies have found adaptation,
via the spinoff route, in surface
transportation applications.




Spinoffs in
Structural Analysis

or years, aerospace engi-

neers have employed a

design technique in which
they create mathematical models
of an airplane or space vehicle
and “fly” it by means of computer
simulation; that enables them to
study the behavior of a number of
different designs before settling
on a final configuration. For this
technique, NASA developed the
NASTRAN program—NASA
Structural Analysis—which takes
an electronic look at a comput-
erized design and predicts how
the structure will perform under

service use conditions. Quick
and inexpensive, it minimizes
trial and error in the design
process, this has become one
of the most widely employed
spinoffs, used to analyze autos,
trucks, railroad cars, ships,
nuclear reactors, steam turbines,
bridges, rollercoasters, office
buildings and hundreds of other
structures.
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Spinoffs in

Computer Programs

;} I ASA and other government
jkﬁ agencies develop many
8 W types of computer pro-
grams that frequently can be
adapted—with little or no
modification—to secondary uses,
often remote from their original
purpose. In the interest of national
productivity, NASA's Computer
Software Management and
Information Center (COSMIC)
offers adaptable programs to
industry at a fraction of their
originial cost. Since a customer
gets a return many times the
investment, COSMIC's service has

their potential secondary uses
would fill a catalog; the illustrations
show a few of the many examples.

become one of the broadest areas
of spinoff applications. COSMIC
offers some 1,400 programs and
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lang Profection
Systern Prormses
- Safer Skres

dynamic new invention promising
to improve aircraft safety, speed
industrial processes, and aid ailing
hearts has earned engineer Leonard A.
Haslim NASA’s 1988 Inventor of the Year
Award. Haslim’s patented invention, the
“Electro-Expulsive Separation System,” has
generated strong interest from the commer-
cial airline industry and the military because
of its immediate potential as an aircraft
deicing system. The device uses pulses of
electricity to pulverize ice accumulations,
which unchecked can degrade aeroper-
formance and cause engine failure.
Although numerous methods already ex-
ist to combat airframe icing, most have
serious drawbacks, according to Richard
Adams, National Resource Specialist on
Aircraft Icing for the Federal Aviation Ad-
ministration. “Themal deicers that heat ice
are widely used but they consume a lot of
power and present the problem of melted
ice refreezing on other parts of the aircraft,”
he said. “Pneumatic boots are another op-
tion, but they're slow to inflate and deflate
and require up to a half inch of ice before
they start working.”
Haslim’s innovation uses a thousandth of
the power and one-tenth the weight of ex-

The Problem Solver

Leonard Haslim's career as an inventor
began with achallenge from a college pro-
fessor. “I was taking an undergraduate
engineering design course at San Diego
State (University) taught by an instructor
who was very glib and sure of his ideas,”
recalled the soft-spoken engineer. “One day
he was going on and on about how the
chopstick was an example of a design that
had withstood the test of time and couldn’t
possibly be improved upon. Well, I've
always resented being told something can’t
be done, so | stood up in the middle of class
and told him | could improve apon the
design. He then bet me | couldn’t come up
with a design by the next week’s class.”

Haslim returned the following week car-
rying a bowl! of wonton soup and a pair of
custom-designed chopsticks. “| went to the

34

isting systems, can remove ice of
thicknesses from mere frost to aone inch
glaze in less than amillisecond, and is easi-
ly retrofitted to most aircraft. It consists of
an elastomeric boot embedded with flexible
conducting ribbons. A large direct current
released from a power supply flows through
opposite sides of the conductors and
creates an electromagnetic field that forces
the adjacent conductors violently apart,
causing the boot surface to jump and repel
the ice. Slits in the deicer boot allow the
conductors to flex during current flow.

The amount of force generated to expel
the ice is a function of the size and spacing
of the conductors, according to Mr. Haslim,
Program Manager for the Advanced Plans
and Programs Office at NASA's Ames
Research Center. With ribbon conductors
one inch wide and one-tenth millimeters
apart, each pulse of 1,000 amperes will pro-
duce a force equal to 2,240 pounds per
lineal foot. “That’s like using a sledge-
hammer to pound ice off the airframe,” said
Haslim, “but without the resultant physical
deformation.”

The idea for the expulsion system emerg-
ed from experiments Haslim performed in
the mid-1970’s in which he accelerated pro-

front of the class and began eating the won-
tons with my chopsticks. When only soup
was left, | took out two straws and inserted
them lengthwise through each of the
chopsticks, which | had hollowed out with
adrill. | then proceeded to drink the soup
through the chopsticks. It was the first time
I'd ever seen that instructor speechless.”
Haslim’s next invention should have
made him famous, but fate would have it
otherwise. While working as a gas station
attendant in 1945, Haslim devised a ladder-
like device for gas pump handles that would
allow attendants to go wash a window while
filling a gas tank. | outfitted the station’s
pumps and soon other stations were having
(continued on page 69)

Leonard Haslim shows off the Inventor of
the Year Award he won for his Electro-
Expulsive Separation System.

Above: The Electro-Expulsive Separation
System blows ice from a wing section dur-
ing icing wind tunnel testing.

Photo courtesy Dataproducts New England, Inc. Photography by Peter Mallison.

tons using a high voltage and strong cur-
rent. “It dawned on me that | could store a
great deal of current in a capacitor and
cause it to pulse at very high rates,” the
59-year-old inventor said. “By combining
this concept with the principle of electrical
repulsion, | realized | could create a power-
ful device that would expel ice without us-
ing a lot of current.”

The Ames inventor developed a desktop
model in 1982, enlisting Robert Lee, a
retired electronics engineer, to design the
power supply. Mr. Lee was later designated
co-inventor. “At first, Lee was convinced the
system wouldn’t work,"” said Haslim. “But
then he turned it on and shot his tester to
the ceiling. That changed his mind."”

Haslim persuaded the BF Goodrich Com-
pany to fund and develop a prototype of the
deicer boot, which recently completed
flight testing on a Twin Otter at NASA’s
Lewis Research Center. “The test results
were impressive,” said Nathan Pisarki, Pro-
ject Engineer for BF Goodrich. “The boot
removed ice three-eighths of an inch thick
at airspeeds up to 120 knots.”

The deicing system will next be tested on
the engine inlet of an F/A-18 fighter attack

(continued on page 69)
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Synchronous Photodiode-Signal Sampler

Synchronous switching provides background subtraction.

NASA's Jet Propulsion Laboratory, Pasadena, California

A synchronous sampling circuitincreas-
es the signal-to-noise ratio of measure-
ments of a chopped signal of known phase
and frequency in the presence of low-fre-
quency or dc background noise. The cir-
cuit (see figure) has been used with a linear
array of photoelectric sensors for locating
the edge of a metal plate. In this applica-
tion, a multiplexing circuit cycles through
16 light-emitting-diode/photodiode pairs,
under computer control. The sampling cir-
cuit is synchronized with the multiplexer, so
that the edge detector makes one back-
ground-subtracted signal measurement
per emitter/detector pair in turn. (Of
course, the synchronous sampling circuit
could also be used for repeated measure-
ments of one signal.)

The chopped signal from each light-
emitting diode, which is switched on and
off by waveform T,, is detected by the cor-
responding photodiode. Amplifier A, feeds
this chopped signal to coupling capacitors
G, and C,, which remove the dc and low-
frequency signals generated by ambient
light. During the portion of the cycle when
the light-emitting diode is off, switches S,
and S, are closed, thereby grounding the
inputs of amplifiers A, and A, and prevent-
ing signal transmission. S, is opened just
before the light-emitting diode comes on,
and S, is opened shortly thereafter, so that
the amplified photodiode response is
passed to the integrating circuit of R and
C,.
2When the light-emitting diode is turned

off, S is again closed to ground the input of
A,, while S, is opened to allow signal
transmission to A,. Shortly after this, S is
closed to pass the photodiode output to the
integrator formed by R and C,. Integrator
voltage V, thus includes the background
plus light-emitting-diode signal compo-
nents, while integrator voltage V, includes
the background component only.

V, and V, are fed to differential ampli-
fier A,, which subtracts one from the
other. Therefore V,, the output of A,, is
proportional to the signal voltage from
the light-emitting diode. An analog-to-di-
gital converter reads this signal voltage
once during each cycle, after V, and V,
have been acquired.

In addition to suppressing the re-

(16) Photodiode
Response Inputs

SYNCHRONOUS SAMPLING CIRCUIT
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The Synchronous Signal Detector is controlled by timing signals ‘Ic’? through T,. The light-emitting diodes producing the signals to be measured

are controlled by timing signal 1;. In the application shown, a 4-bit a

diode-detector pairs is to be used at any given moment.
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sponse to steady and slowly-fluctuating
ambient light, this synchronous sam-
pling circuit removes background noise
outside the frequency pass band deter-
mined by the sampling pulse width. This
feature is particularly desirable when it
is necessary to detect the signal in the
presence of such interference as fluor-
escent lamps or flashing light from a
nearby welding arc.

[E=a 0

This work was done by Howard K.
Primus of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further infor-
mation, Circle 8 on the TSP Request
Card.

In accordance with Public Law
96-517, the contractor has elected to re-
tain title to this invention. Inquiries con-
cerning rights for its commercial use
should be addressed to

Edward Ansell,

Director of Patents and Licensing

Mail Stop 301-6

California Institute of Technology

1207 East California Boulevard

Pasadena, CA 91125

Refer to NPO-16698, volume and
number of this NASA Tech Briefs and
the page number.

DitLlaI-Cathode Electron-Beam Source

The beam from either cathode is electromagnetically aligned with an exit port.

NASA's Jet Propulsion Laboratory, Pasadena, California

An electron-beam source contains two
cathodes for reliability. If one cathode fails,
the other can be turned on. The source is
intended for applications where uninter-
rupted service is needed; for example, in
scanning electron microscopes, transmis-
sion electron microscopes, electron-beam
lithography equipment, Auger instruments,
and microfocused x-ray sources.

The designers of the electron-beam
source considered the use of a shuttle or
carousel that would move a replacement
cathode into position on the electron-beam
axis. However, they rejected the scheme
because it would be heavy, expensive, and
possibly unreliable. Instead, they chose to

Apparent
Source

Positions
Wehnelt

Cathode 1 Cathode 2 Cup
' / Herzog
LA L‘n Shunt
E N8 \\7 NEEN 3 Magnet
A I B Yoke

L_Electron
d Beam

Magnet Pole
Pieces

30 mm

An Electron Beam From Either of Two
Cathodes is deflected by magnetic and
electric fields to a central axis. Mechanical
alignment of the beam is easy because the
cathode axes, the anode apertures, and the
electron trajectories are coplanar.
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use two fixed cathodes side by side and to
deflect the beam from either to a common
electron-optical axis. Three electromag-
nets with electrically-isolated pole pieces
deflect the beams.

The cathodes are located 8 mm on
either side of the electron-optical axis (see
figure). Their tips are 5 mm from the top of
the magnet assembly, which is the anode.
To use the electron beam from cathode 2,
for example, magnets B and C are turned
on with opposite polarities, and the cur-
rents in the magnet coil windings are ad-
justed until the beam follows a sigmoid
path that brings it into coincidence with
the axis.

The radius of curvature of the trajectory
is 107.75 mm, and each deflection angle is
15.19°. The magnetic field needed to de-
flect the electrons, which have —15 keV
energy, is small — only 3.8x10—3 T. The
magnet yokes can therefore be made thin
and light.

The beam position is coarsely adjusted

by rotating and translating the cathode
assembly. A sliding seal between the
movable assembly and the housing pre-
serves the vacuum in the electon-beam
chamber.

Herzog shunts and gaps at the entrance
and exit of each magnet control the bound-
aries of the magnetic fields. The controlled
boundaries ensure that the beam trajec-
tory is symmetrical about its inflection
point. Once the mechanical coarse adjust-
ment has been done, the symmetry elimi-
nates gross errors in the beam position at
the exit of the assembly that might resuit
from small changes in the cathode voltage.

Usually, the magnetic fields alone are
not enough to bring the beam into exact
coincidence with the optical axis, and elec-
trical potentials of upto +150 V are there-
fore applied to the electrically insulated
pole pieces of the electromagnets to de-
flect the electrons to precise coincidence
with the optical axis. The magnetic and
electrostatic deflections are in mutually

perpendicular directions, and both are per-
pendicular to the electron beam. The use
of both magnetic and electric fields in the
same region yields a highly compact unit.

If cathode 2 should fail, power can be
applied to cathode 1 to continue the supply
of electrons. The coarse adjustment for
cathode 2 has already put cathode 1 in
nearly the proper position; it is necessary
only to perform the fine adjustment with
the magnetic and electric fields.

This work was done by James G.
Bradley and Joseph M. Conley of Caltech
and David B. Wittry of the University of
Southern California for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 32 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL [see page 14]. Refer to
NPO-16878.

Diffraction-Coupled, Phase-Locked Semiconductor Laser Array

A stable, narrow far field is produced.

NASA's Jet Propulsion Laboratory, Pasadena, California

A monolithic array of AlGaAs/GaAs
semiconductor injection lasers emits a far-
field beam much narrower than that of a
single laser of the same type. Such as ar-
ray would be useful where relatively high
power and a stable radiation pattern are re-
quired. Applications may include record-
ing, printing, and range finding.

The lasers are fabricated together on
one substrate but are isolated from each
other along the middle portions of their
waveguide lengths (see Figure 1). They in-
teract with each other only by diffraction in
the end portions near the laser mirrors:
Light in any one of the waveguide sections
is reflected back and forth in that section,
but part of the light is also reflected and dif-
fracted into the other waveguide sections.
This diffraction coupling is sufficient to pro-
duce phase locking. Phase locking is evi-
dent not only by the narrowing of the out-
put beam but also by the fact that the
coupled lasers produce identical spectra.

The shape of the radiation field far from
the array is determined by the phase of
each individual laser field and of the field
coupled to each laser from its neighbors.
When all of the lasers operate at the same
phase, the resulting far-field pattern has a
single sharp lobe (see Figure 2). Multiple
sharp lobes and broadening of the beam
occur when one or more of the lasers differ
in phase from the others. In either case, the
radiation pattern changes little as the out-
put power is increased.

Because of nonuniformities introduced
by the fabrication process, the output
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Figure 1. An Array of Lasers is fabricated on a single chip. The individual laser waveguides are
isolated from each other except in the end portions, where diffraction coupling takes place.

beam is wider than it would be if all lasers mode. Electrical current is fed to all lasers
were identical and operating in a single in parallel, but not all lasers operate at the
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same level above the threshold current. Ar-
ray threshold currents are as low as 250
mA, with a typical value of 400 mA. This
corresponds to threshold current densities
between 1 and 1.5 kA/cm?2.

The differential quantum efficiency of
the array is 40 percent. The light output
varies linearly with current above the
threshold current. A peak output of 1.1 W
was obtained under pulsed, low-duty-cycle
conditions.

This work was done by Joseph Katz,
Amnon Yariv, and Shiomo Margalit of Cal-
tech for NASA’s Jet Propulsion Labora-
tory. For further information, Circle 137 on
the TSP Request Card.

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

Edward Ansell,

Director of Patents and Licensing

Mail Stop 301-6

California Institute of Technology o e - = 2%

1207 East California Boulevard

Pasadena, CA 91125 Far-Field Angle (Degrees)

Refer to NPO-16198, volume and number
of this NASA Tech Briefs issue, and the Figure 2. The Radiation Pattern far from the laser array has a single, sharp central lobe when

all the lasers operate in phase with each other. The shape of the lobe does not vary appreciably
with the array current. (The array current is indicated here in units of ly,» the threshold array cur-
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Phase-Locked Semiconductor Lasers With Separate Contacts

' ‘ Individual current feeds enable better uniformity and flexible control.

[N

NASA's Jet Propulsion Laboratory, Pasadena, California

A phase-locked semiconductor laser ar-
ray with a separate contact to each laser
has been demonstrated. By feeding and
controlling the current to each device sep-
arately, it is possible to investigate more ful-
ly the mechanisms of phase locking
among the lasers. Separate control ena-
bles the adjustment of the near- and far-
field radiation patterns to steer the beam or
to compensate for nonuniformities (e.g.,
threshold current) among the devices. The
concept of separate current control was
described for a two-laser array in “Semi-
conductor Laser Phased Array” (NPO-
15963), page 317, NASA Tech Briefs, Vol. 8,
No. 3 (Spring 1984).

An eight-laser array is shown in the
figure. Two-level metalization forms the
separate contact for each stripe-contact
laser. The stripe width is about 5 um; the
center-to-center spacing between adja-
cent layers is 9 um.

Fabrication begins with the liquid-phase
epitaxial growth of the n*-GaAs substrate.
The subsequent layers are then grown in
the ascending order shown in the figure. A
layer of CrAu contact stripes is then depos-
ited. The spaces between the stripes are
formed by proton bombardment or chemi-
cal etching. Next, a layer of SiO, is evapo-
rated on, and contact holes are etched
through it. The second layer of CrAu is then
applied, and the contact pattern is defined
by etching.

The typical threshold current of an indi-
vidual laser is 50 mA. When only one laser
in the array is operating, the far-field beam
width is about 8°. With four lasers opera-
ting, the beam width is reduced to about 2°.
The extent of controllability was demon-
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Separate Contacts for the lasers in the array enable the control of the output radiation pattern
and the compensation of manufacturing nonuniformities among the lasers.

strated in an experiment in which adjacent
lasers were made to operate at a phase dif-
ference of n rad, resulting in a far field with
two main lobes 7° apart.

This work was done by Joseph Katz,
Amnon Yariv, and Shiomo Margalit of Cal-
tech for NASA’s Jet Propulsion Labora-
tory. For further information, Circle 153 on
the TSP Request Card.

Title to this invention has been waived
under the provisions of the National Aero-
nautics and Space Act [42 U.S.C 2457(1)],
to the California Institute of Technology. In-

quiries concerning licenses for its com-
mercial development should be addressed
to

Edward Ansell

Director of Patents and Licensing

Mail Stop 301-6

California Institute of Technology

1207 East California Boulevard

Pasadena, CA 91125
Refer to NPO-16254, volume and number
of this NASA Tech Briefs issue, and the
page number.

Matching Network for Microwave Preamplifier

Stable operation and broadband, optimum noise performance are achieved.

NASA's Jet Propulsion Laboratory, Pasadena, California

A 2,385-MHz amplifier stage has a gain
of 16.5 dB and a noise figure of 16.5 dB.
The amplifier is designed by a new method
of matching the input impedance for an op-
timum noise figure and stability. The ampli-
fier output is more nearly constant over a
wider frequency range than that of prior,
more complicated circuits.

The main task in the design is to mini-
mize the portion of the output thermal
noise that arises in the signal-source im-
pedance. This is done by deliberately mis-
matching the input network in such a way

40

as to minimize the transfer of noise power
at the input and output ports.

The mismatch diminishes the gain and
may cause instability. To compromise be-
tween the gain and the noise figure, con-
stant-noise and constant-gain circles for
the circuit are plotted on a Smith chart, and
the source impedance that satisfies the
noise and gain requirements is picked.

Practical results show that a single-line
input-matching network is the best type for
achieving an optimum noise figure and un-
conditional stability. This type of network

features a low ratio of reactance to resist-
ance (Q), with consequent broadband op-
eration and relative insensitivity of tuning.
In the prototype of the 2,385-MHz amplifier
stage, the input-matching network is a sus-
pended-ribbon transmission line extending
from the input port and is easily tuned in a
few minutes by welding gold-ribbon exten-
sions in place until the optimum match is
achieved.

It was found experimentally and analyti-
cally that the amplifier stage can be stabi-
lized unconditionally by placing a 10-Q re-

NASA Tech Briefs, June 1988
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A Two-Stage Microwave Amplifier is designed according to input-matching principles that assure low noise, stability, and operation over a wide
frequency range.

sistor at the input and either an isolator at
the input or else a 27-Q shunt resistor at the

output. In a two-stage version (see figure)

comprising stages designed according to
these principles, unconditional stability is

achieved by placing a shunt resistor at the This work was done by Jack D. Sifri of
output of the second stage and anisolator ~ Hughes Aircraft Co. for NASA’s Jet Pro-
at the input of the first stage. The two-stage pulsion Laboratory. For further informa-
amplifier has a gain of 29 dB and a noise tion, Circle 77 on the TSP Request Card.
figure of 0.95 dB. NPO-16851

Searching Circuit for a Servoloop
" The feedback error voltage is forced into the range of stability.
N

NASA's Jet Propulsion Laboratory, Pasadena, California

A searching circuit restores stability in a

servofeedback control loop that slips into
an unstable voltage range in which it can-
not lock. The circuit is connected in series
with the error-voltage line of the feedback
loop (see Figure 1). When the loop is oper-
ating normally in the stable region, the
searching circuit does not disturb its oper-
ation, and the error-voltage output of the
loop filter is the control voltage. However,
when the servo unlocks and the error-volt-
age output of the loop filter wanders into an
unstable range, the searching circuit
forces the control voltage to sweep
through the stable region repeatedly until
lock is recovered.

The searching circuit (see Figure 2) con-

sists of two halves that are identical except
that the polarities of some parts in each
half are the opposites of those of the cor-
responding parts in the other half. If the
searching circuit is in the idle state, then
Vi= =V and V;= +V,. If the input
voltage V, varies but remains within the
stable region, —V, < V< +V, then the
searching circuit remains in the idle state,
without pulling V,, up or down from V.

42

Reference
Signal

Figure 1. As Part of the Feedback Loop, the searching circuit plays no role during normal op-
eration, other than to insert a nominal series resistance. When the loop wanders from the
stable operating region, the searching circuit sweeps the control voltage through the stable
region repeatedly until stable operation (lock) is regained.

Suppose that output voltage V, falls time constant T, =R, C,. As V, rises, Dy
below limiting voltage —V,. Then the out- begins to conduct and causes V,, to follow
put V,; of U, goes toward positive satura- V,» Upward in search of the lockup voltage.
tion and drives V, and V,,, positive with a If the servoloop (which has a time con-
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Flight testing is the most critical method
by which Grumman Aircraft Systems
evaluates tactical aircraft designs for
both its planes and those from-other
aerospace companies. So, when
~Grumman puts these jetsthrough series
_+* of strenuous test points, a recording
- system they rely.on is from Gould.
Gould's 3000 Series programmable
recorderspermit Grumman flight test
engineers to make realtime analysis
of critical flight
_~parameters with <1
- split-second
timing. This
allows decisionsto 3
be madethatincrease
the productivity and safety
of each test flight. &
That's because Grummans =
& ATS (Automated Telemetry System)
& controls each Gould 3000 recorder with
an entire series of planned test points

for a specific flight. This way, while the
plane and its pilot are in the air, every-
thing is automatic. It allows the test
engineers to get answers quickly,
reducing both hazardous and costly
flight time.

“The programmability of the Gould
3000 recorder provides greater pro-
ductivity inanumber of ways,” says Tom
Kastner, Grumman corporate manager
of automated telemetry. “First, it allows

faster, easier
test setup with
computer control of
all parameter settings.
“Second, it allows us to
tie more resources together
on-line. And, third, we can make
fast changes to meet modifications
in the flight plan. We're now able to
make accurate value judgments and
technical decisions to continue with our
established flight plan or to modify it,”
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concludes Kastner.

With the Gould 3000 recorder,
Grumman has been able to expand its
flighttesting capabilities, speed develop-
ment and delivery of aircraft, and reduce
test costs. When Grumman relies on
Gould to help them make a better air-
plane, it's not just a flight of fancy.

To get more information on this appli-
cation or on the Gould 3000 Series
recorders, call 1-800-GOULD-10, or
write Gould Inc., Testand Measurement,
3631 Perkins Avenue, Cleveland,

OH 44114.

Gould: making its mark
in Test and Measurement
Instrumentation.
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stant T, <T,) comes close to lockup during
the search, then it causes V,, to rise faster
than does V,,, and D4 turns off. Shortly
thereafter, V, becomes more positive than
V,, causing the output of U, to ramp
negative. This causes V, and V,, to go
negative with a time constant T, =(R, || R,)
C,. Meanwhile, the charge on C, holds V,
more negative than V, to keep U, in
negative saturation. Eventually,V ,
reaches negative saturation and holds V,
at —V, to return the circuit to the idle con-
dition.

If the servoloop does not lock up during
the search, then V,,, continues pullingup V,
until D, goes into Zener breakdown ata V,
slightly less than +V,_. When V, rises
above this value, the input polarity of U,
reverses and V,; goes negative, causing V,
and V,, to return toward the idle state with
time constant T,. If V,< —V, when the cir-
cuit reaches the idle state, the circuit be-
gins a new search cycle.

The circuit behaves similarly, but with
opposite polarity, when V,exceeds +V,.In
that case, U, and U, remain idle, and U,
and U, are activated to sweep V, down-
ward from +V, toward —V,.

This work was done by E. H. Sigman of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 89
on the TSP Request Card. NPO-17003

Zener Voltage
Vz=V_ =07V

Zener Voltage
Vz=V_ -0.7V-aV

Vz=V| -07V-AV Vz=V =07V ¢

IA

= Dg

Figure 2. The Searching Circuit contains sawtooth-waveform generators that become acti-
vated when V_ rises above +V, or falls below -V, . The waveform time constants are deter-
mined by resistors R, R,, and IR1 and capacitors b1 and C,.

Video Analog Signal Divider

This inexpensive device also produces thermal images in conjunction with standard color camera

systems.

Langley Research Center, Hampton, Virginia

A system known as a video analog sig-
nal divider produces a video image based
on the color ratio, as distinguished from the
usual object brightness or color-compo-
nent brightness that the typical video signal
represents. This device is particularly
useful in thermal mapping because the col-
or distribution of certain phosphors is in-
dependently a function of temperature. An-
alog video circuitry is used to provide an
inexpensive real-time image-processing
technique.

The video analog signal divider works
with a standard three-tube color camera
with red/green/blue output. Because the
synchronization signal in a standard
camera system can be either separate or
combined with the green signal, the circuit
includes a toggle switch to accommodate
these two alternatives. The configuration
shown in the figure, with its blue and green
inputs, represents an application for ther-
mal imaging in which a blue/green thermo-
graphic phosphor is used. A toggle switch
to a 1-volt divisor and an external gain ad-
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justment are included in the circuit for
calibration purposes. The heart of the
signal divider is an integrated circuit func-
tioning as a wideband linear divider with a
signal bandwidth of 60 MHz.

This work was done by Gregory M. Buck

of Langley Research Center. No further
documentation is available.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Langley Re-
search Center [see page 14]. Refer to
LAR-13740.

g‘“e Signal

Divider

Synchronization
7 Rar Adder
Green Reference
Green (With Gain Adjustment BI"‘%IGJ\” 2
Synchronization) Synchronization
Internal
Synchronizing- Synchronization
Signal
Separator
External
Synchronizing Synchronization
Signal

The Video Analog Signal Divider produces a black-and-white composite video signal based
on the color ratio. The device is inexpensive, uses the signal from a standard red/green/blue
camera as input, and can be used to produce quantitative thermal images of two-color phos-

phor coatings.
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The display shows a digital !eain

elevatiér; data (DTED) image which has been pseudocolored to clarify variations in elevation. .

J our 4K X 4K Image Processing
y lesser system takes
longer and misses more.

Greater image resolution means more data, so image
processing can become a bottleneck. Unless the
processor is Vision Four, new from 3M Comtal.

Think of it this way:

To process a high resolution 4K X 4K image on a
lesser system, sectors of the image would have to be
separately retrieved, processed, reviewed and stored.
Vision Four can store and process the entire 4K X 4K
image—even in true color—at one time, so the operator
can interactively roam through any part of it in real time.

That means fast processing. But there’s more. Up to
16 separate regions of interest can be defined within

3M Comtal

Pasadena CA 91105
800/423-4166 CA: 818/441-1900

*VAX and MicroVAX are registered trademarks of Digital Equipment
Corporation.

Vision Four’s two dimensional image memory, and
different processes can be run simultaneously on each.
Vision Four’s fully partitionable image memory also can
be divided into any number of smaller images, which
can be recalled and processed at the operator’s will.
Vision Four operates in conjunction with a DEC
VAX* or MicroVAX * Its completely modular design,
vast resident library of image processing primitives and
unique menu manager make modification, program-
ming and operation of Vision Four quick and simple.
Vision Four from 3M Comtal. Discovering more

detail in less time.
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InGaAs
Detectors

Bridge the
Infrared Gap!

Between 1 and 2 microns, there are
many applications that demand a
good photodetector...

® Ring Gyros

® Space Photography

® Eyesafe Rangefinding

B Temperature Sensors

...but until now you had to cope
with Germanium and its
deficiencies.

Our InGaAs detectors fill the void.

Just compare these parameters for
a Tmm detector to the Germanium
you presently use:

Shunt Resistance ....... 1 Mohm
Response @ 1.6um ...... 0.8 A/W
e 6x 10" cmHz"2W™

No bulky or expensive cooler is
needed. You can even use InGaAs
at high temperatures without a
significant noise penalty.

Standard detectors are available in
sizes up to 3mm, and we can
accommodate custom require-
ments for special sizes and
assemblies.

Contact Epitaxx today!

3490 U.S. Route 1

Princeton, NJ 08540

(609) 452-1188

TLX 759363 FAX (609) 452-0824

EPITAXX
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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.

Time-Zone-Pattern Satellite
Broadcasting Antenna

Phase and amplitude con-
straints are applied at over-
lapping feeds to minimize
power losses.

Direct-broadcast satellite antenna
designs that provide contoured beams to
match the four time zones in the 48 con-
tiguous states and spot beams for Alaska,
Hawaii, and Puerto Rico are presented in
a 29-page report. The antennas would be
used on two separate satellites transmit-
ting at about 12.5 GHz, one located at
101 ° W. longitude, covering Puerto Rico
and the Eastern and Central time zones,
the other at 157 ° W., covering the Moun-
tain and Pacific time zones, Alaska, and
Hawaii.

The report includes descriptions of the
procedures used to arrive at the opti-
mized designs. The arrangements, am-
plitudes, and phases of the antenna
feeds are presented in tables. Gain con-
tours are shown graphically. Additional
tables of performance data are given for
cities in the service area of the Eastern
satellite.

The contoured beams are produced
by a planar array of feeds radiating
toward an off-axis parabolic reflector.
The beam pattern for each time zone is
optimized by selecting the position,
phase, and amplitude of each of the
feeds radiating the signal for that time
zone.

Most of the feeds serve only one of
the two time-zone beams, but the feeds
along the boundary between the beams
serve both beams. To minimize the
power losses at the boundaries between
adjacent beams, the amplitudes of all the
shared feeds within each beam are
made equal, and the phase of each
shared feed is constrained to be the
same in both beams it serves. In the
designs presented, there are four such
constrained feeds in the Eastern/Central
beam and five in the Mountain/Pacific
beam. The total numbers of feeds used
in the Eastern, Central, Mountain, and
Pacific beams are 17, 16, 19, and 14,
respectively.

The constrained design results in an
average power loss of about 0.5 dB in
the isolation network required to drive
the shared feeds with the separate
signals for the two beams. In contrast,

the isolation methods used in previous

designs incurred losses of about 3 dB.
These losses result in similar signal-
strength reductions along the boundary
between the two time zones on the
ground.

This work was done by Victor Galindo,
Yahya Rahmat-Samii, and William A.
Imbriale of Caltech for NASA’s Jet Pro-
pulsion Laboratory and Herb Cohen
and Ronald R. Cagnon of TRW, Inc. To
obtain a copy of the report, “Constrained
Overlapping Feed Arrays for Contiguous
Contour Beam Reflector Antennas,” Cir-
cle 59 on the TSP Request Card.
NPO-16522

Tests of Amorphous-Silicon
Photovoltaic Modules

Progress in identification of
strengths and weaknesses of
amorphous-silicon technology
is detailed.

A report describes recent achieve-
ments in testing the reliability of solar-
power modules made of amorphous-sili-
con photovoltaic cells. The paper is based
on an investigation of modules made by
U.S. manufacturers. Modules were sub-
jected to field tests, to accelerated-aging
tests in the laboratory, and to a standard
sequence of qualification tests developed
for modules of crystalline-silicon cells.

For the laboratory tests, a large-area
pulsed solar simulator was modified by the
addition of filters to provide an internation-
ally-recognized standard illuminating inten-
sity and spectrum. The combination of the
modified simulator with generic amor-
phous-silicon reference cells yields meas-
urements repeatable within 1 percent,
without detailed characterization of the
spectral responses of the amorphous-sili-
con cells and modules under test.

In general, the modules performed well
in the sequence of qualification tests —
about as well as crystalline-silicon modules
did at a similar early stage of development.
Some large modules with 3-mm-thick cov-
ers of annealed glass were not as resistant
to hail as the qualification test requires.
However, modules made with structurally-
supported and partially-tempered glass
covers proved to meet the requirements.

Most modules exhibited minor deficien-
cies in endurance with respect to tempera-
ture and humidity. Types of degradation in-
cluded softening and warping of plastic
parts, delamination, and loss of power due
to increases in series resistance. In hot-
spot tests, amorphous-silicon modules be-
haved much like crystalline-silicon mod-
ules and, in some cases, were more toler-
ant of hotspots.

The field tests showed that certain fail-
ure mechanisms are particularly impor-
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tant. These include effects induced by
light, corrosion of connections between
cells, electrochemical corrosion between
cells and module frames, electrical break-
down between cell strings and frames, and
thermal diffusion of dopants and other
materials into and among the thin-film
layers of the cells.

This work was done by Ronald G. Ross,
Jr,, of Caltech for NASA’s Jet Propulsion
Laboratory. To obtain a copy of the report,
“Recent Achievements in Module Reliabili-
ty Research: Testing of Amorphous Silicon
Modules,” Circle 7 on the TSP Request
Card.
NPO-17303

Corrosion in Amorphous-
Silicon Solar Cells
and Modules

Moisture severely affects
amorphous-silicon units, but
encapsulation helps.

A paper reports on corrosion in amor-
phous-silicon solar cells and modules. The
paper, based on field and laboratory tests,
discusses the causes of the corrosion,
ways of mitigating the effects, and conse-
quences for modules already in the field.

In general, modules exposed to a natu-
ral outdoor environment corroded more
than modules exposed to uniform temper-
atures and humidities in the laboratory. The
outdoor environment is apparently more
severe, involving direct contact with water
in the form of dew, rain, and snow. More-
over, natural cycles of temperature and
humidity induce damaging stresses in cells
and modules. To make matters worse, the
concentration of moisture in a module
tends to increase during long exposures
outdoors because modules tend to retain
sorbed moisture.

Laboratory tests at 85°C and 85 and
100 percent relative humidity showed that
encapsulation of a cell retards the gross
loss of metalization in the active region of
the cell. However, when the metal is resist-
ant to corrosion, the encapsulation does
not seem to retard the increase in the
sheet resistivity of a cell.

The paper suggests the sealing of the
edges as a way of reducing the entry of
moisture. Cell-free perimeters or sacrificial
electrodes are suggested to mitigate the
effects of sorbed moisture. The develop-
ment of a truly watertight module may
prove to be more cost-effective than
attempting to mitigate the effects of mois-

ture.
This work was done by Gordon R. Mon,

Liang-Chi Wen, and Ronald G. Ross, Jr., of
Caltech for NASA’s Jet Propulsion Lab-
oratory. 7o obtain a copy of the paper,
“Corrosion of Amorphous Silicon Cells and
Modules,” Circle 33 on the TSP Request
Card. NPO-17302
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EE Guildline

Calibration Services

The precision measurement community is no
stranger to Guildline Instruments.

For over a quarter century, Guildline has supplied
Prime Standards and instrumentation at the
highest levels of accuracy and precision to
National Laboratories and Primary Laboratories
throughout the world.

This experience and expertise is the foundation
for Guildline’s newest service to the test and
measurement community .. . GCS, Guildline
Calibration Services.

Located in central Florida, this Prime Standards

Laboratory provides the following to customers
nationwide:
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A Prime Standards Laboratory

« Direct Traceability to NBS

« Uncertainty levels comparable to National
Standards

« Compliance to MIL STDS

« Automatic re-call notification

« Detailed calibration reports

« Rapid service from professional metrologists

« A combined commitment to equipment, facility
and staff of over $1,000,000.

For calibration services second to none, contact:
Guildline Calibration Services,

Guildline Instruments, Inc.,

4403 Vineland Road, Suite B-10,

Orlando, FI 32811-7335, (407) 423-8215.

Fax: (407) 422-5987

U.S. SPACE CAMP

“It’s the adventure of a lifetime!’’
—Astronaut Alan Shepard,
first American in space

Youngsters in grades 4-7 can
participate in 3- and 5-day
programs at the exciting new
U.S. SPACE CAMP® near
Kennedy Space Center in
Florida sponsored by America’s
original Mercury astronauts.

From April 3 through
August, experience micro-
gravity trainers, spacesuits,
“‘spacefood,”” mission prepara-
tion and Space Shuttle flight
simulations. You’ll also get in-
formation on the U.S. SPACE
CAMP in Huntsville, AL and
how to join the U.S. Space
Club.

In Florida, learn about
launch operations by NASA and
perhaps even see an actual
launch! (Ask about discount for
advance spring registration.)

For information, call toll-free for an application.

1-800-633-7280, Operator 3

Phones open nightly till 7:30 p.m. CST
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Preventing Arc Welding From Damaging Electronics
Appropriate shielding, grounding, and cable routing protect delicate parts.

Lewis Research Center, Cleveland, Ohio

A shielding technique has been devel-
oped to protect sensitive electronic equip-
ment from damage due to electromagne-
tic disturbances produced by arc welding.
Certain applications may require the weld-
ing of tubing or other structural com-
ponents in the presence of electronic
equipment that cannot be removed with-
out considerable difficulty and cost. For ex-
ample, because of new developments in
the Centaur hydrazine-propellant-feed
system, an all-welded tubing systemis now
utilized. However, it is necessary to repair
or replace portions of this system after
avionics are installed. The removal or dis-

connection of the avionics prior to welding
results in a break of inspection requiring
reverification after the weld. It was neces-
sary to develop a technique for welding
with the avionics in place, without the risk
of damage or the necessity for reverifica-
tion, to avoid delays in launching.

The basic piece of equipment used to
weld the tubing is an orbital arc welder. This
unit radiates electromagnetic interference
(EMI) in excess of MIL-STD 461A. Work
was initiated to measure the welder EMI,
then to develop shielding methods to ena-
ble the welder to operate in compliance
with MIL-STD 461A.

Many shielding, grounding, and cable-
routing schemes were tested to arrive at a
configuration that was repeatable and veri-
fiable. This investigation established an ac-
ceptable alternative in those instances in
which the electronic equipment cannot be
removed prior to arc welding. Guidelines
were also established for open, unshielded
welds. This procedure may be applicable
to robotics or computer-aided manufactur-
ing.

This work was done by Noel Sargent of
Lewis Research Center and D. Mareen
of General Dynamics Corp. No further doc-
umentation is available.

LEW-14480

System Measures Logic-Gate Delays
Many gates on a chip are tested automatically.

NASA’s Jet Propulsion Laboratory, Pasadena, California

An automatic testing system measures
the signal-propagation delays of an experi-
mental integrated-circuit array of logic
gates. The system (see figure) includes a
controlling computer, a counter/timer, and
a feedback-controlled timing-waveform
generator. In addition, a multiplexer is in-
cluded on the integrated-circuit chip with
the logic-gate array to be tested. The de-
lays measured by the system serve as val-
uable data for the design of fast logic and
memory chips.

The integrated circuit is described more
fully in the following article. The logic-gate
array includes 128 delay chains. Eight of
the chains are metal traces. Each of the
other 120 chains consists of a series of 40
identical inverters. The inverter chains dif-
fer from each other in transistor geome-
tries and inverter loadings. The delays of
the metal traces are taken to be the mini-
mum parasitic delays; these must be sub-
tracted from the overall measured chain
delays to obtain the portions due to the in-
verter gates alone.

The input ends of all the delay chains are
connected to a common input “start” line.
The output end of each chain is connected

48 Update your NASA Tech Briefs qualification form every six months.

Delay
Data

Logic-Gate
Array

Feedback Line

(Delay Chains) |

The Timing System includes a timing sampler fabricated as part of the integrated circuit to be
tested. The timing-waveform generator puts out “start” and “stop” pulses, the interval between
which is adjusted until it equals the signal-propagation delay to be measured. The

counter/timer then measures the interval.

to one of the two inputs of a bistable circuit
called a “C-element”. The other input of
each C-element is connected to a com-
mon input “stop” line. The timing-wave-
form generator feeds “start” pulses to the
“start” line and “stop” pulses to the “stop”
line.

The output signal for the C-element de-
pends on which signal arrives first, the

“start” pulse propagated through the delay
chain or the “stop” pulse coming directly
from the timing-waveform generator. If the
delayed “start” signal arrives first, then the
overall measured chain delay is less than
the interval between the “start” and “stop”
pulses; if the “stop” signal arrives first, then
the measured delay is more than the
“start”/“stop” interval.

NASA Tech Briefs, June 1988




The computer controls the multiplexer,
which selects the chain to be tested by
connecting its C-element output terminal
to the feedback line. As the chain is tested,
the C-element output signal is fed back to
the timing-waveform generator as a con-
trol signal to increase or decrease the in-
terval if the delay is longer or shorter, re-
spectively. The feedback cycle is repeated
until the interval reaches the actual delay
and begins to dither about that value.

The computer then commands the
counter/timer to measure the interval. The
counter/timer operates with pseudoran-

dom time-base modulation and averaging
to obtain a resolution of 0.1 ns over 10°
measurement cycles. From these meas-
urements the computer calculates the
average delay of a single gate in each
chain as the overall chain delay minus the
parasitic delay, divided by the number of
gates (40) in the chain.

This work was done by Brent R. Blaes of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 151
on the TSP Request Card.

In accordance with Public Law 96-517,
the contractor has elected to retain title to
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Thermal Remote Anemometer Dewce
A focused laser and a thermal |mager are combined for remote temperature measurement.

S IIRE AT D
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Langley Research Center, Hampton, V/rgin/a

The Thermal Remote Anemometer De-
vice (THREAD) was developed for remote,
noncontacting, passive measurement of
the thermal properties of a sample. (It is
passive from the point of view of the sam-
ple, in that the sample does not have to pro-
vide its own thermal surface radiation to be
measured.) The primary use of the THREAD
is for the characterization of gas flow over
models in wind tunnels. Other applications
include measurements for materials char-
acterization.

The components of the THREAD are
shown in the figure. The thermal energy in-
put is derived from the laser operated in a
pulse mode. The laser beam propagates to
the laser scanner, which can scan the
beam in two orthogonal angles, ¢, and ¢,.
The beam is focused to the surface of the
sample in the wind tunnel by the lens or
other focusing optical system through the
infrared-transparent window. The beam
impinges on the model, mounted on the
wind-tunnel model sting. The thermal ener-
gy imparted by the laser beam to the model
surface is reradiated to the thermal imager
and analyzed by the image processor.

The infrared imager measures the radi-
ation from the model surface as a function
of time over the entire model. Prior to
heating, the background thermal patterns
can be examined. Later, the background
thermal pattern is deconvolved from the
pattern of the heat injected by the laser.
After heating, the energy (heat) loss to the
surrounding medium can be determined,
thus characterizing the nature of the gas
flow over the model. This rate increases as
gas flow increases and becomes very
small if the model is placed in a vacuum.
This rate can be determined at various
sites on the model to portray the gas flow
during the test as an image over the model.

For materials applications, the system
can be used for the evaluation of thin films
and the determination of thermal diffusivity
and adhesive-layer contact. For medical
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this invention. Inquiries concerning rights
for its commercial use should be ad-
dressed to

Edward Ansell,

Director of Patents and Licensing

Mail Stop 301-6

California Institute of Technology

1207 East California Boulevard

Pasadena, CA 91125
Refer to NPO-16646, volume and number
of this NASA Tech Briefs issue, and the
page number.

Image

%

F \“

Scanning Mirror
8 for Laser
=] 1% 41,42
A4 Lens or
Other Focusing
o Optical System
[ ]
| | Window
| | Transparent to
] / Infrared

Processer

In the Thetmal Romoie Anemometer Device, the mode| is heated locally by a scanning laser
beam and cooled by the wind in the tunnel. The thermal image of the model is analyzed to
deduce the pattern of airflow around the model.

applications, it can measure perfusion
through the skin to characterize blood flow
and can be used to determine the viabilities
of grafts and to characterize tissues.

The primary advantage of the THREAD
is that it can achieve the heat-transfer
measurements remotely and without con-
tact. The model does not have to be altered
with holes, wires, and tubes. The system is
fast and can be multiplexed with several
sources to increase the speed of data ac-
quisition.

This work was done by Joseph S.

Heyman, D. Michele Heath, William P.
Winfree, and William E. Miller of Langley
Research Center and Christopher S.
Welch of the College of William and Mary.
For further information, Circle 86 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, Langley Research Center [see page
14]. Refer to LAR-13508.
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Designing Estimator/Predictor Digital Phase-Locked Loops

Signal delays in the equipment are compensated automatically.

e e e e R o e R e T N S
NASA's Jet Propulsion Laboratory, Pasadena, California

Anew approach to the design of a digital
phase-locked loop (DPLL) incorporates
concepts from estimation theory and in-
volves the decomposition of the closed-
loop transfer function into an estimator and
a predictor. The estimator provides recur-
sive estimates of the phase, frequency,
and higher order derivatives of phase with
respect to time, while the predictor com-

pensates for the delay, called “transport
lag,” caused by the PLL equipment and by
the DPLL computations. The previous ap-
proach to design was based on the trial-
and-error placement of open-oop poles
and zeros under the guidance of experi-
ence with similar designs, and did not ac-
count for the transport lag. The new ap-
proach, using techniques from suboptimal

Pick your application. Our PC-1000
will supply the control

I nvestigate passive damping

and active control of sophisti-
cated applications with our PC-1000
real-time data acquisition and
control processor.

Ideal for Vibration Control
Experiments

The PC-1000 is ideal for vibration
control of large space structures,
aircratft flight control simulation and
dynamic testing. You'll cut vibration
control test and evaluation time
from weeks to hours - enabling

our vibration control
research to move to
practice more

@ rapidly
Real-time Measurement
and Control
Providing 32 analog measurements,
32 control channels, a 64 state
model and a 9.2 MFLOP 32-bit
brain, the PC-1000 offers outstanding
closed-loop performance on all
channels simultaneously

y

For an active approach to your
vibration control applications, call or
write today.

) SYSTOLIC SYSTEMS

2240 N. First St.. San Jose. CA 95131
(408) 435-1760

Outside California Call:
1-800-621-0854 Ext. 123
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and optimal estimation theory, provides a
systematic design procedure.

The basic purpose of a DPLL isto gener-
ate a signal, with phase 6(z), that approxi-
mates the phase 6(z) of a received signal. If
there were no transport lag, then from the
perspective of linear estimation theory, this
problem would have a straightforward so-
lution. First, a linear state model for 8(z) and
a corresponding measurement model
would be defined. Next, statistical models
for state (or process) noise and measure-
ment noise would be developed. Finally,
some type of optimal estimator (for exam-
ple, a recursive least-squares estimator)
would be selected.

In the new design procedure, the effect
of the transport lag is compensated by a
predictor that extrapolates the state esti-
mate by an appropriate time interval. Using
the z-transform representation, the closed-
loop DPLL transfer function has the form:

H(z)=D(z)C(z)z =N
where H(2) is the closed-loop DPLL trans-
fer function, D(z) is the predictor transfer
function, ((2) is the estimator transfer func-
tion, and N is the DPLL transport lag in
units of the loop update interval, T.

The figure illustrates the conceptual
development of a DPLL that functions as
described by the equation. In the third con-
ceptual stage, the estimator/predictor/
delay combination is replaced by actual
components: a numerically controlled os-
cillator (NCO) of transfer function Q(z), and
a digital filter of transfer function S(z) that
satisfies

S(z) =[D@@)C(2)Q2))z =N

The fourth conceptual stage shown in
the figure is based on considerations of
practical equipment. Phase-detection
functions and the physical execution of the
functions of the NCO are performed by
custom circuitry, while the summing junc-
tion, S(z), and the software functions of the
NCO are excuted in a computer. Both the
“hardware NCO" and the “software NCO”
have identical mathematical representa-
tions, as the latter simulates the operation
of the former.

The previous design procedure and the
new concepts are melded into a new five-
step design procedure that resembles the
old procedure in parts. The first step is to
select a model for the received phase
process. This model can include the proc-
ess dynamics and statistics on process
noises and measurements noise.

The second step is to develop the math-
ematical model of the equipment; that is, of
the NCO, transport lag, and phase detec-
tor. The transport lag can be incorporated

NASA Tech Briefs, June 1988
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Klinger positioning systems can
travel far, travel fast,
and still enjoy a long, stable life.

Suppose you need to
measure signals across the
surface of a dish antenna?
You'll need a system that
can move quickly over great
distances and make hun-
dreds of stops and starts.

A screw-driven system
would require an extremely
long precision screw with
many threads which is diffi-
cult and very expensive to
manufacture. The perfor-
mance of the system would
degrade in time due to screw
wear and tear caused by
the friction induced heating
during high speed operation.

KLINGER’S RACK AND
PINION SYSTEMS
REDUCE WEAR
AND TEAR.

The GV88 system is a
long travel system which
eliminates these problems
by utilizing a rack and pinion
drive design. It enables the
system to travel far and fast,
with incredible precision,
without wear and tear.

The carriage rides on
hardened ralils that are
ground absolutely straight

and smooth. The rack is

cut directly into the cross-
shaped rail. This eliminates
the need to mount a sepa-
rate rack, and ensures the
parallelism between the rack
and the ground guide rails,
and reduces backlash in the
system. A set of preloaded
ball bearings, housed within
the carriage assembly, com-
pletely eliminates play.

The result is accuracy of
50 microns/meter and re-
peatability of better than 10
microns.

MODULAR DESIGN
FOR VERSATILITY.

You can easily assemble
X, XY or XYZ systems from

the GV88 slides or combine
them with hundreds of other
Klinger positioning units for
increased versatility. Mount
your systems horizontally or
vertically, and select any
number of standard options
such as sway bars, counter-
weight assemblies, rein-
forced rails, or extended
carriages. Step sizes are
available in either English or
metric units.

Our modular carriage de-
sign is available in extended
lengths to accommodate
cantilevered loads. When
the center of gravity of the
applied load hangs over the
rail, the extended carriage
allows stress to be removed

from the bearings and im-
proves the trajectory quality
of the system.

KLINGER QUALITY IS
MORE AFFORDABLE
THAN EVER.

Applications for Klinger
long-travel systems are end-
less. Ultrasonic NDT, radia-
tion measurements. CRT
calibration. Laser machin-
ing. Laser velocimetry.
Doppler studies. Automatic
boring and soldering of PC
boards. And more. These
applications demand quality
parts and systems. Now
those parts are more afford-
able than ever.

To learn more about the
thousands of Klinger micro-
positioning products and
systems, send for our free
micropositioning handbook.
And be sure to ask about
our OEM pricing.

Call or write Klinger Scien-
tific Corporation, 999 Stewart
Avenue, Garden City, NY
11530. (516) 745-6800.

SKLINGER

Building better positioning systems,
plece by perfect piece.

~ U.S.A. Headquarters: 999 Stewart Avenue, Garden City, NY 11530 (516) 745-6800.
Regional Offices: Northern California (415) 969-0247; Southern California (714) 999-5088. Worldwide distribution network: Contact
Micro-Controle, Z.1. de St. Guenault, B.P. 144, 91005 Evry Cedex, France. Tel.33(1)64.97.98.98. FAX 33(1)60.79.45.61.
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The DPLL Structure evolves conceptually from the traditional model of the PLL to a practical hardware/software model that incorporates the

estimator and predictor functions.

as part of Q(2).

The third step is the selection of an esti-
mator, based on the model of the received
phase and on the covariance matrices of
the process and measurement noises.
Possible realizations of the estimator in-
clude some variations of Kalman filters or
other least-squares estimators.

The fourth step is the determination of a
predictor to compensate for the transport
lag. The last step is to assure that the loop
is stable.

This work was done by J. . Statman and
W. J. Hurd of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 126 on the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, NASA Resident Office-JPL [see
page 14]. Refer to NPO-17196.

Interval Counter Measures Stability of Frequency
Propagation of errors and effects of dead time are suppressed.

NASA's Jet Propulsion Laboratory, Pasadena, California

A system that includes a precise timing-
pulse generator with an interval counter
and 2 suitably programmed computer de-
termines the relative stability or instability
of frequency of two signals that differ in fre-
quency by about 1 Hz. The system was de-
signed for use in a frequency-standards
laboratory.

The two signals to be compared are
mixed to produce a beat note. The sinus-
oidal beat note is passed through a zero-
crossing detector, which produces a
square wave or other pulse train at the beat
frequency of about 1 Hz. The instability of
frequency of the two signals is expressed
in terms of the fractional deviation in fre-
quency, which can be determined by
measuring the times of the zero upcross-
ings of the beat pulses.

The particular combination of equip-
ment (see figure) and algorithm measures

NASA Tech Briefs, June 1988

the times of the zero upcrossings (with
respect to a starting time) and not merely
the lengths of the intervals between suc-
cessive upcrossings; thus, it prevents the
propagation of errors. The combination
also overcomes the effect of the dead time
of the interval counter, which would other-
wise cause the counter to ignore alternate
cycles.

The counter measures intervals to with-
in 1 ns. The frequency reference for the
counter is provided by a precise 10-MHz
signal. The reference frequency is also
divided to produce a “picket-fence” signal
of sharp pulses every 0.1 s. The beat
pulses are fed to the A input of the interval
counter to start the count. The picket-fence
pulses are fed to the B input to stop the
count. Thus, the counter measures the in-
terval v, from each upcrossing at time t; to
the next picket-fence pulse, and the dead

time ends well before the next anticipated

upcrossing.

Each t, differs from each —v;by an un-
known integral multiple of the 0.1-s picket-
fence period. The algorithm that resolves
the ambiguity and determines the beat-
note periods P; = t,—t;_, is based on the
following assumptions:

* The first period P, differs from a nominal
initially measured value P by less than
0.05 s, and each subsequent period P, dif-
fers from the previous period P, _, by less
than 0.05s. This guarantees the unique
resolution of the 0.1-s ambiguities.

* Every P,exceeds the sum of 0.1 s plus the
dead time of the counter. This guarantees
that no upcrossing is missed.

Because the t;increase quickly and con-
tain important information in their least-
significant digits, they are awkward to
compute, store, and use. Consequently,
the algorithm computes the time residues
X; = t;—t,—IiP.The algorithm incorporates

55



Signal of 1/fp
Frequency fq

| | | I Counter

Beat Note
of Frequency

fp=f1-fg

10-pps

Signal of

Frequency f4

Picket Fence ST SRS
—I 10-MHz Reference

Dead Time

L]

Picket
Fence

Dead Time

tiq

—
fe——- P =y —] b fais
|

The Interval Counter measures the interval v, from the beginning of each beat pulse to the beginning of the next picket-fence pulse. These
measurements establish the times t, of the beginnings of the beat pulses for use in calculations of the stability of the frequency of the beat

pulses.

some error handling to preventonebadin-  Laboratory. For further information, Circle license for its commercial development
put from spoiling all the subsequent out- 41 on the TSP Request Card. should be addressed to the Patent
puts This invention is owned by NASA, and a Counsel, NASA Resident Office-JPL [see

Ws work was done by C. A. Greenhall ~ patent application has been filed. Inquiries ~ page 14]. Refer to NPO-17325.

of Caltech for NASA’s Jet Propulsion  concerning nonexclusive or exclusive

Consistent Data Distribution Over Optical Links

Fiber optics combined with IDE’s provide consistent data
communication between fault-tolerant computers.

Langley Research Center, Hampton, Virginia

A data-transmission-checking system

has been designed to provide consistent

and reliable data communications for fault-

tolerant and highly reliable computers. The -

primary disadvantage of previous methods

or algorithms that achieve consistency of

data lies in the reliance on other process- PT1 PT2
ing sites for retransmission of the data. The

new technique performs a variant of an al-

gorithm for fault-tolerant computers and
uses fiber optics and independent decision
elements (IDE’s) to require fewer proces-
sors and fewer transmissions of mes-
sages.

The function of an IDE in a system (see
figure) is to transmit an independently
derived copy of a message over an optical
bus. Another special component, the
threshold logic unit (TLU), is used to vote
the message while it is still in its optical
form. All the components shown belong to
one processor.

First, processor P sends a message, in
the form of a stream of bits, to its three
transmitters, PT1, PT2, and PT3. The
stream is received simultaneously by the

IDE = Independent
Decision Element

TLU = Threshold
Logic Unit

PDE = Processor
Decision Element

three IDE's. Each IDE decides whether The Optical Data Bus provides for a level of redundancy limited only by the number of wave-

lengths that the bus can accommodate.
56
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and when the PT changes state (i.e., goes
from logic 0 to logic 1, or vice versa). This
decision is based on both the level and the
duration of the signal. For example, a
signal may cross the threshold from the O
state to qualify as a 1 but not be held long
enough to guarantee consistent recogni-
tion by all elements.

The three IDE's are isolated from each
other and from the processor to obtain
three independent interpretations of the
output of the processor. After interpreta-
tion, the IDE's transmit the data over the
optical bus to which they are attached.
Each IDE associated with a P uses the
same wavelength. Each IDE is attached to
a different optical bus. Other computers at-

tached to this bus use different wave-
lengths.

Thedataare receivedbya TLU. Itsinput
levels can be weighted, and its output can-
not fire unless the sum of the three weight-
ed inputs exceeds a predetermined thresh-
old. Proper setting of the TLU enables it to
vote on the optical stream of bits. The
stream of bits is then interpreted by the
decision element, PDE, of the processor.
Finally, the message is received and used
by the processor.

The interactive consistency provided by
this system guarantees that all participat-
ing processors receive the same message
from any single source. It is a guarantee of
uniform distribution of data but not of the

correctness of those data. This system
enables fault-tolerant computers operating
at different levels of redundancy to com-
municate with each other over a triply
redundant bus. The level of redundancy is
limited only by the maximum number of
wavelengths that can be active on the bus.
For example, if 10 optical wavelengths can
be multiplexed on a single fiber-optic cable,
then a quad (4), a triplex (3), adual (2),anda
simplex (1) computer can all communicate
with each other over the bus.

This work was done by Daniel L.
Palumbo of Langley Research Center.
No further documentation is available.
LAR-13672

Synchronous Boxcar Averager

A periodic disturbance is rejected.

Marshall Space Flight Center, Alabama

Filtered
Analog-to-Digital N-Sample Output
Converter Averager
MICROPROCESSOR

Sample
Strobe

A digital electronic filtering system pro-
duces a series of moving-average samples
of a fluctuating signal in a manner that re-
sults in the removal of an undesired period-
ic signal component of known frequency.
The filter was designed to pass the steady
or slowly varying components of fluctuat-
ing pressure, flow, pump speed, and pump
torque in a slurry-pumping system. The fil-
ter concept could be useful for monitoring
or control in a variety of applications in-
cluding machinery, power supplies, and
scientific instrumentation.

The filtering system (see Figure 1) is a
synchronized boxcar averager — essen-
tially a moving-average sampler that is syn-
chronized with the source of the periodic
disturbance. During one input-signal dis-
turbance cycle of duration 7, the system
takes N samples of the input signal at equal
intervals of T/N (shown in Figure 2for N =
4). At each sampling time, the system gen-
erates the average of the latest N samples.
The sequence of average values is fed to
a digital-to-analog converter, which pro-
duces a smoothly-varying output signal.
Because the average of a periodic fluctua-
tion is zero during one period, the output
signal represents the slowly-varying, non-
periodic component of the input signal.

NASA Tech Briefs, June 1988

To assure the removal of the periodic
fluctuation, the system must satisfy the Ny-
quist sampling criterion; consequently, N
must be at least twice the order of the high-
est harmonic in the fluctuation. The settling
or response time of the system is T: Thus,
the fluctuation is not removed until the first
N samples have been taken; and if the non-
periodic component of the input suddenly

Figure 1. The Digital Fllter is synchronized
with the fundamental component of the
periodic fluctuation in the input signal.

Samples

™
3
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o ! 1
5 0 U \/f Time

Moving-Average
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g
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0 2 i 2T Time

Figure 2. The Input Signal Is Sampled at a harmonic (in this case, the fourth harmonic) of the
fundamental fluctuation frequency. The output signal contains only the slowly varying com-

ponent of the input.
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changes from one steady value to the other,
the output values respond by progressing
smoothly from the first steady value to the
second steady value during a sequence of
N samples.

This work was done by Thomas W.
Rogers of United Technologies for Mar-
shall Space Flight Center. For further in-
formation, Circle 40 on the TSP Request
Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 14].Refer to
MFS-28223.

Synchronization Scheme for PPM Communication

Synchronization is achieved even under difficult, low-signal conditions.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Loss of
Lock

Continuation
of Lock

Start

Rejection

Acceptance

Recognition and
Tentative Acceptance
of Synchronizing
Sequence

Continuation
of Checking

Figure 1. Three Time Scales show the relationships among PPM timeslots, words, and
frames. In each PPM word, only one of the timeslots is occupied by a pulse. The occupied

timeslot determines the value of the word.

A synchronization scheme for pulse-po-
sition modulation (PPM) matches the
pulse, word, and frame timeslots of the re-
ceiver to those of the received signal to en-
sure the proper identification of the re-
ceived pulses. The scheme involves a brief
sequence of synchronizing pulses within
each transmitted frame and relies on the
periodic repetition of the synchronizing
pulses for verification. The use of verifica-
tion reduces the number of synchronizing
pulses required but increases the time re-
quired to achieve synchronization.

In this M-ary PPM system, each word
contains M basic timeslots, one of which
contains a pulse. N words are transmitted
together in a frame; of these, the first L are
synchronizing words, and the remaining
N-L are data words. The frames are
transmitted consecutively, without inter-
ruption (see Figure 1).

With respect to synchronization, the re-
ceiver operates in three states: (1) search,
(2) verification, and (3) lock (see Figure 2).
Initially, the receiver waits in the search
state for the synchronizing sequence: this
could be done most simply by correlating
the timeslot data with the known se-
quence. Once it has found such a correla-
tion, the receiver enters the verification
state, in which it looks for repetitions of the
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Figure 2. The Receiver Has Three Operat-
ing States, which depend on the past and
present conditions of the received signal. In
the search state, it attempts to find the syn-
chronizing pulses. In the verification state,
it has tentatively identified the synchroni-
zing sequence. In the lock state, it has ac-
cepted the tentative synchronization.

sequence after the passage of multiples of
the known frame length.

If the receiver recognizes the synchro-
nizing sequence A, times in succession
(where A,, the rejection threshold, is an
integer that is chosen on the basis of per-
formance requirements), then the tentative
synchronization is accepted and the re-
ceiver goes into the lock state. Thereafter,
the receiver continues to check for syn-
chronization by looking for the synchroni-
zation sequence at the beginning of each
frame. If the sequence is not observed dur-
ing Ry, successive frames (where Ry, the
rejection threshold, is an integer that is also
chosen on the basis of performance re-
quirements), then the receiver goes out of
lock and returns to the search state.

The choice of the synchronizing se-
quence affects the amount of time left in
each frame to transmit data and the ability
of the receiver to acquire synchronization
and to lock. The suffixes and prefixes of the
sequence are generally made unequal. Itis
also preferable to make the sequence con-
tain both extremes of the PPM alphabet
(@,=0,a,=M-1 for some m and n) so
that a shifted version of the sequence

{ag+c,a +c,...a,_4+¢}
cannot occur in the transmitted data.

A synchronizing sequence detected by
the receiver can be one of three types, (1)a
true synchronizing sequence at the begin-
ning of a frame, (2) a sequence of data that
duplicates the synchronizing sequence, or
() a signal corrupted by noise in such a
way that the receiver recognizes it as a
synchronizing sequence. The verification
process ensures that only sequences of
type (1) affect receiver synchronization.

The synchronizing scheme is intended
primarily for use in optical communica-
tions, especially where received signals
are weak. The scheme was tested in a
PPM system of M=256, L=2, A,, +
R,,<12, 0SN<65,536. The signals were
fed to photomultipliers, which detected 2to
3 photons per pulse. Measurements of the
distribution of times to acquire synchroni-
zation agreed well with theoretical predic-
tions.

This work was done by William K.
Marshall of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 123 on the TSP Request Card.
NPO-17033
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MACSYMA

automates symbolic mathematics.
And yields enormous improvements in productivity,

accuracy and modeling power.

MACSYMA combines exact solutions, symbolic
approximations, and numerical methods into a You can solve pmb'ems' Yo
powerful automated approach to scientific and
engineering computing. Major benefits include:
¢ Improved Productivity: For many types of
computations MACSYMA can increase your
productivity by 10 to 100 times. \
It is that revolutionary. ‘ L R S TN

Problem: solve the differential equation

¢ Increased Accuracy: Manual computational
errors are virtually eliminated. Use exact or
approximate symbolic solutions in place of
less accurate numerical ones.

subject to the condition that Y(1)

¢ Enhanced Mathematical Power: You can
dare to perform automated computations
which you would not believe practical using
traditional methods.

Wide Range of Capabilities Symbolically. . .

MACSYMA offers the widest range of capabilities
for combined symbolic and numerical mathematics of Eg;; gf::':':sgf.)sz P2 THN)RY 4T "24T41;
all commercially available software. (Y.T) ¢

2 2
Y 2T+ )Y+ T+ T+

¢ Algebra and Trigonometry cRTR aE T S
e Calculus and Differential Equations (C3) SOLN:ODE(D2,Y,T);
* Symbolic Approximation Methods 0L s SR o
e Numerical Analysis (D3) Y=- —/"C—T/"Eﬁtr .
¢ Graphics %C %E" — 1

(C4) SOLVE(SUBST([Y =1, T=1],D3),%C),NUMER;

Available on Many Computer Systems (D4)  [%C = 0.5518192]

(C5) SPECIFIC_SOLN:SUBST(D4,SOLN);
¢ Apollo T
» Masscomp (D5)Y = — 0.5518192T%E - T - 1
¢ SUN-2 and SUN-3 0.5518192%E' - 1
e Symbolics 3600™ series
e Vax family

For an information kit about all the ways MACSYMA
can work for you, just call

1-800-MACSYMA.

and Numerically.

In Mass.,(617) 621-7770. (C6) FORTRAN(D5S)$
Y =—(0.5518192+T«EXP(T)-T—-1)
Computer-Aided Mathematics Group 1 /(0.5518192+EXP(T) - 1)

Dept. M-NA3

Symbolics, Inc.

Eleven Cambridge Center
Cambridge, MA 02142

MACSYMA symbolics™

The most comprehensive software for
mathematical computing.

MACSYMA, symboiics™ Symbolics 3600 are trademarks of Symbolics, Inc. VAX is a trademark of the Digital Equipment Corporation. SUN-2 and SUN-3 are trademarks of SUN Microsystems, Inc
Apollo* is a trademark of Apollo Computer Inc. Masscomp is a trademark of the Massachusetts Computer Corporation © Copyright 1988 Symbolics Inc
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4" Guillotine Saw
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Nothing Cuts Like a Diamond Wire

Laser Technology Inc.
10824 Verturs Bag

Holywooa, GA 11004
(818) 763-7091  (213) 8778270

WHAT CAN WE DO FOR YOU?

Here is what Wire Saws
have done for others:

1. Cut metals without burrs

2. Cut crystalline materials
without breakout

3. Cut semiconductor without
surface damage

4, Cut all materials without
heat

5. Cut a radius half the size of
the wire used
6. Cut all hard materials

7. Cut precious metals with
small kerf loss

8. Cut materials in tight
places
9. Cut contours (saws
computer driven)
10. Cut to some preferred
angle
11. Cut insulators
12. Cut composites
13. Cut large size parts
14. Cut radioactive parts
15. Cut precision slits
16. Cut superconductors
17. Cut honeycomb

If one or more of these features will
help you, ask for our catalog or
call for information. A toll free call
might furnish information for you
which could solve your problem.

LASER TECHNOLOGY, INC.
10624 Ventura Blvd.
N. Hollywood, CA

(213) 877-8270
(818) 763-7091
TOLL FREE (800) 237-6792
FAX (818) 763-7382
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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.

Simulation of Satellite
Imagery From Aerial
Imagery

High-resolution-image data
are convolved with a point-
spread function.

A report describes the use of higher-res-
olution-image data from aerial photo-
graphs or electronic scans of the ground to
simulate the lower resolution images that
would be obtained if the same area of the
ground were viewed from an imaging sys-
tem in orbit. The simulation technique is
helpful in the analysis of data received
from operating satellites and in the design
of future satellite-borne imaging systems.

To simplify the calculations, the aerial
image was treated as though it were not
blurred, and all of the blurring was attribut-
ed to the low-resolution satellite imaging
system. The point-spread (blurring) func-
tion of the low-resolution system was as-
sumed to be a Gaussian function of two
width parameters: one for the direction
along the ground track (across the scan)
and one across the ground track (along the
scan) of the satellite.

The modulation transfer function (MTF)
of the satellite imaging system was ob-
tained from Fourier analysis of satellite im-
agery. Linear regressions were used to fit
Gaussian curves to published plots of the
logarithm of the MTF to the squares of the
along-track and across-track spatial fre-
guencies. The point-spread function was
then computed as the inverse Fourier
transforms of the fitted Gaussian curvesin
the spatial-frequency domain. For the Mul-
tispectral-Scanner (MSS) satellite data
used, the Gaussian width parameters cor-
responded to half-maximum half widths of
36.1 m across the track and 40.1 m along
the track: these seem reasonable in consi-
deration of the 79-m field of view of the
MSS.

The spatially-continuous Gaussian func-
tion was converted to a picture-element-
weighting function having the same width
parameters. The Gaussian filter was ap-
plied over a rectangular area large enough
to contain all weights of maximum (center)
value of 0.10 or greater; in this case, 7-by-7
picture elements. The normalizing con-
stant was then recalculated for the rec-
tangular area by taking the inverse of the
sum of the Gaussian filter weights of all the
picture elements in the rectangle.

The aerial images were taken in an air-

plane at an altitude of 65,000 ft (19.8 km),
with an instrument having a 25-m instan-
taneous field of view and picture-element
spacings of 17 m across the track and
22 m along the track. The data from these
images were convolved with the Gaussian
filter. The image was then resampled,
using nearest-neighbor gray levels, to ob-
tain picture elements of 57 mby 57 m, cor-
responding to those of the MSS.

In comparison with real MSS images of
the same area, the simulated images
seemed to have about the same resolu-
tion, but were slightly fuzzier because of
the failure to account for the point-spread
function of the aerial imaging system. The
simulated images contained less noise
than did the real images: noise could have
been added, but was omitted because the
noise characteristics of the two imaging
systems are not well known.

This work was done by Christine A.
Hlavka of Ames Research Center. Fur-
ther information may be found in NASA
TM-86832 [N86-20934/NSP], “Simulation
of Landsat Multispectral Scanner Spatial
Resolution with Airborne Scanner Data.”

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

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center [see page 14].
Refer to ARC-11714.

Nondynamic Tracking
Using the Global
Positioning System

The new technigue can
be used to track
unmodeled movements.

A report describes a technigque for using
the Global Positioning System (GPS) to de-
termine the position of a low Earth orbiter
without the need for dynamic models. A dif-
ferential observing strategy requires a GPS
receiver on the user vehicle and a network
of six ground receivers. The computation-
ally efficient technique can deliver decime-
ter accuracy on orbits down to the lowest
altitudes.

The new technique is a nondynamic
long-arc strategy having the potential for
accuracy of the best dynamic techniques
while retaining much of the computational
simplicity of the geometric techniques. In
brief, one empirically constructs a con-
tinuous record of change in the position of
the satellite by continuously tracking the
phase of the GPS carrier signal. One then
uses this record to map a long arc of pseu-
dorange position solutions to a common
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Next generation U.S.
weather satellites built
by Ford Aerospace will

get you the latest
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‘before the latest weather
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epoch for averaging.

This is repeated at every point in time.
Because there is no modeling of user dy-
namics, the benefits of long-term data
averaging can be realized at the very low-
est altitudes, and the solution process is
simplified. This technique is a generalized
form of the procedure known as smoothing
pseudorange against the carrier. In this
case, however, one smoothes the position
obtained from multisatellite pseudorange
against the change of position obtained
from multisatellite carrier phase.

It can be shown that even in differential
GPS applications, when the distances be-
tween receivers are sufficiently large, the
limiting error is the (typically) few-meter
error in GPS orbits. To achieve 10-cm ac-
curacy for the TOPEX oceanographic sat-
ellite at an altitude of 1,334 km, it is there-
fore necessary to solve simultaneously for
the GPS orbits and the user orbit. In addi-
tion to adjusting user position at every point
in time, one adjusts the GPS states at
epoch only, using the usual dynamic tech-
niques. This is a relatively small complica-
tion, because at the high GPS altitude and
over the few-hour data arcs used in this
case, the GPS dynamics are easily modeled
with high accuracy.

The major uncertainty in previous dy-
namic strategies for the determination of
the TOPEX position from differential GPS
data studies is the accuracy assumed for
the dynamic models, particularly for the
detailed model of the gravitational field of
the Earth. By eliminating the need for such
models, one eliminates the principal uncer-
tainty but loses the information in those
models and thereby introduces a greater
dependence upon the performance of the
receiver. Nondynamic tracking places a
premium on both high-precision measure-
ments and multiple GPS viewing capacity.
In view of recent advances in the design of
digital receivers, this may prove to be a fa-
vorable trade.

The computational load in the nondy-
namic approach is much reduced. Be-
cause none of the remaining error sources
has any significant dependence on alti-
tude, the predicted decimeter perform-
ance should be obtainable at even the low-
est altitudes, where dynamic techniques
degenerate to tens or hundreds of meters
of error. Solong as the onboard receiver re-
tains lock on the GPS signals, it should
even be possible to maintain this accuracy
through any unpredictable or unmodel-
lable satellite motion, including a maneu-
ver.

While nondynamic tracking looks prom-
ising for some applications, dynamic track-
ing is needed in others. Without dynamics,
the solution is strongly dependent on the
observing geometry, which, with GPS, is
much weaker radially than horizontally.
TOPEX happens to be at an altitude for
which, given the uncertainties in the gravity

model, the ground network, and the
characteristics of the flight receiver, the
better strategy is not yet apparent.

This work was done by T. P. Yunck and
Sien-Chong Wu of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 61on the TSP Request Card.
NPO-16926

The Mark Il VLBI System

Geodetic measurements
have errors in the
centimeter range.

A collection of three reports describes
both the equipment and the results of
some of the measurements taken with the
Mark Ill very-long-baseline interferometry
(VLBI) system. Using antennas at widely
separated locations in the United States
and Europe, the system yields such astro-
metric data as the celestial coordinates of
distant radio sources within ~ 3 ms of arc
and such geodetic data as the relative
positions of the antennas within ~ 5 cm.

The signals, usually from extragalactic
sources, are received in the frequency
bands of 2.2 to 2.3 and 8.2 to 8.6 GHz. At
each site, the Mark Ill system can handle
the outputs of two independent receivers
at intermediate frequencies of 100 to 500
MHz. The intermediate-frequency signals
are routed through 14 separately control-
lable frequency converters to produce a
total of 28 upper and lower sideband chan-
nels. Each channel is sampled at the Ny-
quist ratio, 4 x 108 per second. Only the
sign (polarity) of a sample, represented by
a single bit, is recorded to maximize signal-
to-noise ratio per bit stored. A Honeywell
96 tape transport (or equivalent) outfitted
with Mark Il digital electronics is used to
record each bit stream (augmented with
timing information) on one of 28 parallel
tracks. High-quality 650-Oe videotapes
[9,200 ft long, 1 in. wide (2,760 m by 2.5
cm) recorded at 33,333 b/in. (13,123 b/cm)
along each track]are now used exclusively
to maintain an SNR about 12 dB higher
than that obtained originally with standard
instrumentation tape.

The Mark Ill system has demonstrated
high accuracy over short baselines, where
phase-delay measurements can be used;
for example, it gives the relative horizontal
and vertical position of the Haystack Ob-
servatory antennas within a few millime-
ters over a baseline having a horizontal
component of about 1,239.4 m and a verti-
cal component of 30.0 m. Over baselines
longer than a few hundred kilometers, the
accuracy is limited by the uncertainty in
the tropospheric path delay to a level of a
few centimeters. VLBI measurements of
continental drift are contemporaneous, un-
like geological measurements, which are
literally averages over millions of years.
VLBI baseline measurements spanning
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just 2 years determine relative plate velocities to an accuracy of
1 to 2 cm/yr, and this accuracy should increase at least linearly with
time spanned by observations.

Advanced hardware, called Mark Ill A, has been developed to
improve system performance and efficiency. It consists of “dou-
ble speed” processor modules and “density upgrade” kits for the
recorders. The latter increase the area density of recording more
than an order of magnitude by reducing track width from the
original value of 640 to 40 um. The high SNR of the videotape now
used compensates for loss of signal amplitude caused by narrow-
ing of tracks. In addition, accurate narrow-track headstacks and a
headstack-positioning subsystem had to be developed to make the
density upgrade possible. Upgraded machines record a total of
336 tracks, 28 at a time in 12 passes, each lasting 800 seconds.
Thus, one tape lasts almost 3 hours whgn recording at 56-MHz
bandwidth (112 Mb/s) and holds about 10 "b. Advantage can readi-
ly be taken of the continued rapid advance of tape technology:
Mark Ill A hardware has already been used to demonstrate 16
hours of recording at 128 Mb/s on a single reel of “digital video”
tape [16 passes times 32 tracks at 50,000 b/in. (19,685 b/cm) us-
ing a 16-in. (40-cm) reel of Y2-mil (0.01-mm) tape, 27,000 ft (8100
m) long] to meet the requirements of VLBA, the Very Long Baseline
Array.

The original Mark Il hardward and the lll A subsystem upgrades
were developed as part of the NASA Crustal Dynamics Project at
the Haystack Observatory.

This work was done by A. E. E. Rogers, A. R. Whitney, J. I.
Levine, E. F. Nesman, J. C. Webber, and H. F. Hinteregger of
NEROC Haystack Observatory for Goddard Space Flight
Center.

To obtain copies of the reports, “‘Very-Long Baseline Radio In-
terferometry: The Mark lll System for Geodesy, Astrometry, and
Aperture Synthesis,"” “The Density Upgrade: Mark Il A (a Future
Improvement of the Mark Il VLBI System),” and ‘“Precision
Geodesy Using the Mark Ill Very-Long-Baseline Interferometer
System," Circle 100 on the TSP Request Card. GSC-13028

Adaptive Control for Space-Station Joints
Input gain weighting is added to an existing
adaptive-control algorithm.

A report discusses a concept for the adaptive control of rotations
of various appended structures about joints on a space station, with
suppression of vibrations in both the station and the appendages.
The adaptive-control concept may be relevant to such terrestrial
applications as the control of aircraft, the suppression of vibrations
in large buildings, and robotics.

The control strategy is to apply, to the rotation actuators, the set
of control signals that will cause all moving parts to follow the com-
manded trajectories as closely as possible. The previous version
of the adaptive control loop includes an adaptive gain matrix that
contains proportional and integral components, each of which in-
cludes an output-weighting matrix chosen by the designer. In the
present version, input gain-weighting matrices are added to in-
crease control efforts in specified locations at the designer's
discretion.

An inner control loop is also introduced to suppress the in-
stabilities that would otherwise arise from the zero-frequency rigid-
body modes. By an appropriate choice of the inner-loop gain
matrix, the rigid-body modes can be given nonzero frequencies
and stabilized. Accurate knowledge of the system dynamics is not
necessary for the design of the inner loop: the inner loop can be
made robust by placing it only where the controllability of the rigid-
body modes is the highest.

A computer simulation to test the new concept involved the use
of an adaptive control algorithm in a space station having 19
degrees of freedom: namely, 12 vibrational and 7 rigid-body-
rotational modes. The performance was analyzed in terms of the
responses to various position and rate commands. In comparison
with an algorithm without input weighting, the new algorithm show-
ed improved performance with reduced control demand. The parts
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followed the commanded trajectories al-
most perfectly, and vibrations were sup-
pressed in spite of the uncertainties in the
mathematical model of the station and of
the low order of the reference model in the
control loop.

This work was done by Che-Hang
Charles Ih, David S. Bayard, and Shyh Jong
Wang of Caltech for NASA’s Jet Propul-
sion Laboratory. 7o obtain a copy of the
report, “Space Station Adaptive Payload
Articulation Control,” Circle 60 on the TSP
Request Card.

NPO-17063

64 Circle Reader Action No. 607

Tests of Helicopter
Control System

Advanced control systems
are being developed
for rotorcraft.

A report discusses aspects of the de-
velopment of a multivariable, explicit-
model-following control system for the CH-
478 fly-by-wire helicopter. This project is
part of a recent trend toward the use of
highly-augmented, high-gain flight-control
systems to assist the pilots of military heli-
copters in the performance of demanding

tasks and to improve the handling qualities
of the aircraft.

The CH-47B has been modified for re-
search purposes to include full-authority,
electrohydraulic, parallel actuators in each
of the four control axes. These actuators
act as the interface between the electronic
control system and the basic CH-47B me-
chanical control system. An evaluation
pilot is equipped with a longitudinal-and-
lateral cyclic stick with a programmable
force-feel system, conventional pedals,
and a standard collective lever. Electrical
control inputs from the evaluation pilot and
measurements of the helicopter motions
are processed in the onboard flight com-
puters to produce the commands for the
electrohydraulic actuators. The parallel ar-
rangement of the electronic control sys-
tem with the mechanical control system al-
lows a safety pilot to monitor the electronic
control system by following the motion of
his controls since these controls are me-
chanically connected to the actuators.

The electronic control subsystem strives
continuously to make the helicopter be-
have like amathematical model that repre-
sents the desired helicopter dynamics. The
commands from the pilot are fed to the
model; the errors between the states of the
model and the measured states of the heli-
copter are fed to the control subsystem
that attempts to minimize the errors by
generating control signals for the actua-
tors.

The explicit model chosen for flight tests
was a linear decoupled model in which the
pilot commanded the pitch attitude with
the longitudinal cyclic stick, the roll attitude
with the lateral cyclic stick, the yaw rate
with the pedals, and the vertical velocity
with the collective lever. Because the tests
revealed an unacceptable delay of about
0.4 s between the pilot's command and
the aircraft response, the control algorithm
was augmented with a feed-forward con-
trol law. Additional high-frequency roll-rate
feedback was also required to reduce roll-
control overshoot.

The modified control system gave high-
bandwidth control and excellent perform-
ance in flight. The frequency and damping
characteristics of the helicopter motions
followed those of the model almost per-
fectly. The aircraft followed the model with
a delay of about 200 ms.

This work was done by Kathryn B.
Hilbert and J. Victor Lebacqz of Ames Re-
search Center and William S. Hindson of
Stanford University. To obtain a copy of the
report, “Flight Investigation of a Multivari-
able Model-Following Control System for
Rotorcraft,” Circle 148 on the TSP Request
Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Ames Re-
search Center [see page 14]. Refer to
ARC-11761.
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Compact Ho:YLF Laser

Longitudinal pumping by laser diodes increases efficiency.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

An improved holmium:yttrium lithium
fluoride laser radiates as much as 56 mW
of power at a wavelength of 2.1 um. The
new Ho:YLF laser is more compact and ef-
ficient than are older, more powerful devi-
ces of this type.

The design takes advantage of the effi-
ciency of longitudinal pumping by a com-
mercially available array of GaAlAs diode
lasers (see figure). The array, mountedon a
Peltier cooler in a vacuum, radiates up to
200 mW continuously at a wavelength tun-
able in the range of 784 to 794 nm.

The pump output is collimated and fo-
cused into the Ho:YLF crystal, which
measures 0.5by 0.5by 1 cm. The crystal is
sensitized with Er ions and Tm ions, which
assist in the efficient transfer of energy
following absorption of the pump radiation
by the Er ions. The crystal is cooled to a
temperature of 77 K to reduce the lasing
threshold. At this temperature, the Ho:YLF
absorption band around the wavelength of
800 nm is 6 nm wide and overlaps the 1-nm
spectral width of the pump signal.

Both ends of the crystal are polished
flat. The pumped end is coated for high
transmittance at the pump wavelength and
high reflectance at the output wavelength,
while the output end is antireflection
coated for the output wavelength. A plano-
concave resonator is formed by the addi-
tion of an output-coupling mirror with a ra-
dius of curvature of 5cmand a reflectance
of 95 percent at the output wavelength.

Coolant
Liquid Nitrogen

l

Power
Meter

Ho:YLIF Filter
/Crystal =

Vacuum/‘/‘l

4=

Detector

Array of
Diode

Lasers

Output-Coupling
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The Compact, Efficient Ho:YLF Laser is based on recent successes in the use of diode
lasers to pump other types of solid-state lasers.

With the pump wavelength tuned to 790
nm for maximum absorption and about 176
mW of pump power delivered to the Ho:
YLF crystal, about 56 mW of output power
is measured in the TEM,mode. The lasing
threshold input power is 7 mW, and the
ratio of the increase in output optical power
to the increase in input optical power is
0.33, which nearly equals the quantum effi-
ciency of 0.38 for Ho:YLF under the given
conditions. Ignoring the power consumed
by the Peltier cooler, the electrical-to-
optical conversion efficiency of the laser is
6.6 percent.

The laser output is highly sensitive to the
alignment of the output-coupling mirror, the
temperature of the crystal, and the pump
wavelength. Changes that are likely to im-
prove the performance include the elimi-

nation of the dewar window in the laser
cavity, more-uniform cooling of the Ho:
YLF crystal, proper matching of the modes
of the pump to the laser cavity, optimization
of the reflectivity of the output-coupling
mirror, and variations in the concentrations
of Ho and the sensitizers.

This work was done by H. Hemmati of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 154
on the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, NASA Resident Office~JPL [see
page 14]. Refer to NPO-17282.

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.
Evaporation and Ignition of

Dense Fuel Sprays

A simple theoretical
model makes useful
predictions of trends.

A pair of reports presents a theoretical
model of the evaporation and ignition of

66

sprayed liquid fuel. The model was devel-
oped as part of research in the combustion
of oil and liquid fuels derived from coal, tar
sand, and shale in a furnace; this work may
eventually contribute to an increase in the
efficiency of combustion and a decrease in
pollution generated by the burning of such
fuels.

The mathematical model of the spray in-
cludes a moving spherical cluster of drop-
lets of a single-component fuel. The drop-
lets all have the same diameter and are
uniformly distributed throughout the clus-
ter. The droplets and the cluster all move
together at the same velocity through the
convective flow of air, evaporated fuel, and

combustion products. Each droplet is con-
sidered to be surrounded by a fictitious
sphere of influence; the ensemble of these
closely packed spheres is the entire vol-
ume of the spray. The gas phase is consi-
dered to be quasi-steady with respect to
the liquid phase. The temperature within a
droplet is considered to be a function of
time and of the radial position within the
droplet. (Heat conduction is considered,
and internal circulation is ignored.)

The temporal and spatial distribution
of temperature within a droplet is repre-
sented by the classical equation for heat
conduction, with an external boundary
condition that relates the surface-normal
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temperature gradients to the rate of evapo-
ration. Next, the difference between the
flux of fuel molecules leaving and that strik-
ing the surface of the droplet is expressed
in terms of the partial pressures of the mo-
lecular species, yielding an equation for
the rate of evaporation as a function of the
physical constants of the fuel and air, and
of the temperature of the gas at the sur-
face of the drop; this is a generalized, more
realistic version of the Clausius-Clapeyron
equation.

The evaporation of liquid from the drops
in a quiescent flow is treated by applying
conservation equations and the ideal-gas
law to the spray volume. The evaporation
rate in a convective flow is calculated from
the rate for quiescent conditions, with
modifications for the heat-transfer and
viscous effects of the flow past each drop.

A critical parameter that affects
evaporation is the relationship between the
rates of evaporation with and without flow.
Convective evaporation is modeled via a
Reynolds-number correlation between the
evaporation rates with and without con-
vection. Unlike in all earlier versions of this
model, which was valid only for nondilute
sprays, the present model is inherently
valid for both dense and dilute sprays. The
penetration ratio is no longer used to
calculate the evaporation rate. Instead, it
becomes a diagnostic that radiates the
evaporation regime of the spray.

The ignition criteria distinguish between
diffusion-controlled and convection-con-
trolled regimes. A Damkohler-number cri-
terion is used to predict the ignition time in
the diffusion-controlled regime. It is also
used in the diffusive/convective regime, al-
though its validity there is questionable.

According to calculations made with the
model, dense and very dense sprays be-
long in the diffusive regime, and at ignition,
asingle flame is established around the en-
tire droplet cluster. On the other hand, very
dilute sprays and single-drop ignition fall in
the convection-controlled regime. In the in-
termediate regime of dilute sprays, internal
cluster flames are postulated at ignition.
The boundaries between the various re-
gimes are sensitive to the initial conditions
and change as a function of time. By
changing initial conditions, a spray can be
made toignite in a different regime. Ignition
appears to be sensitive to the initial tem-
peratures of the drops and of the surroun-
dings, particularly at high temperatures.

This work was done by Josette Bellan
and Kenneth G. Harstad of Caltech for
NASA’s Jet Propuision Laboratory. 7o
obtain copies of the reports, “Analysis of
Convective Evaporation of Dense and Di-
lute Sprays” and "“Ignition of Non-Dilute
Sprays in Convective Flows,” Circle 162 on
the TSP Request Card.

NPO-16954
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Ames Invention
(continued from page 34)

plane. The Navy has lost at least five F/A-18
engines and 25 Canada-22 engines in recent
years due to shards of ice falling off the air
intake into the engine, according to Navy
sources. The military is also considering in-
stalling the deicer on its new V-22 tilt rotor
aircraft, which presently carries 200 pounds
of generators for deicing purposes alone.
“The electro-expulsive system would
reduce their power requirements for deicing
from 50 kilowatts to 500 watts and save at
least 180 pounds in the process,” said
Haslim. “That’s another soldier they’ll be
able to add to the aircraft.”

Once applied to the leading edge of
helicopter rotors, the deicer will bolster
NATO’s stategic position in Western
Europe, according to Haslim. “NATO
helicopters would have the advantage of be-
ing able to flyin freezing weather to locate
opposing forces,” he explained. Currently,
most helicopters are grounded in icing con-
ditions because ice accumulation on the
rotors causes excess vibrations and can
result in crashes.

Other Applications

Haslim’s invention could also be
employed on ship superstructures, where
ice removal is a difficult and dangerous
task. “Right now some poor soul has to
climb high up on the ship and knock ice off
with a baseball bat,” said Benjamin Lar-
diere, an aerospace engineer with
Dataproducts New England, one of several
companies vying to market the deicer. “This
results in a lot of serious accidents. The
NASA system would provide a safer, saner
alternative.”

The bakery and plastics industries may
adapt the system as part of a mold release
mechanism designed to speed up produc-
tion lines. “Present mechanisms are slow
and cumbersome,” said Haslim. “You've
got to pull the items out of the mold by
hand. This new system would pop muffins
ordistributor caps from amold in the blink
of an eye.”

Haslim also hopes to use the electro-
expulsion concept to develop a self-
pumping fluid tube for hydraulic systems.
By putting this system inside a hydraulic

This demonstration model of the NASA
deicing system shows the elastomeric
boot covering a wing model. The connec-
ting power supply uses about 500 watts
continuously for the entire system, versus
about 2,300 watts per square foot for ex-
Isting thermal deicers.

line,” he said, ** you could squeeze pulses
of fluid through a tube at preset intervals
and thereby eliminate the need for an exter-
nal pump. This would improve not only per-
formance but also safety. The external
pump can be a dangerous single point of
failure in a hydraulic system. If an aircraft’s
hydraulic pump fails, everything fails.

“This idea could be taken a step further
to develop a synthetic artery that would im-
prove the flow of blood to the heart,” he add-
ed. “A self-pumping tube could be surgi-
cally implanted in the place of clogged
arteries, taking a great strain off the heart
and possibly saving the patient the agony of
an artificial heart implant.”

Haslim is working with a Stanford Univer-
sity medical engineer to develop the artery,
but expects the research phase alone will
take many years. “I'm confident we can
make it happen,” he said, adding, “I believe
anything is possible if you really set your
mind to it.” O

Problem Solver (continued from page 34)

me put it on their pumps. The Standard Oil
Company got wind of the invention and
came down to the station one day with a
paper stating that all inventions by Standard
employees belonged to the parent com-
pany. So | signed their paper and they paid
me one dollar for my troubles.” Haslim's
pump lever has since been incorporated at
gas stations the world over.

After serving in the Korean War as a Navy
fighter pilot, Haslim worked for the
Lockheed Missiles and Space Company
and developed thermal systems for Gemini
and Apollo spacecraft. In 1978 his career
took a different turn when he joined the
Helicopter Group at NASA's Ames
Research Center and began designing ad-
vanced rotors. “| figured that after dealing
with the complexities of spacecraft flight,
working with helicopters would be a snap.
Boy, did | ever have a rude awakening. |

found out just how much | didn’t know.”

His present position+as Program
Manager for Ames’ Advanced Plans and
Programs Office allows Haslim the freedom
to pursue pet projects like the electro-
expulsive deicer. “I'm like a kid in a toy
store,” he said. “I'm free to let my imagina-
tion wander.” Other inventions he is cur-
rently working on include a composite
rescue boom for helicopters, a low-cost
plastic resin aimed at replacing fiber glass
on auto bodies, and filtered goggles that
will help farmers spot crops in need of
special care.

Haslim said he sees himself more as a
problem solver than an inventor. I look at
something not being done effectively and |
try to find a better way to do it. There are
millions of cynics who will tell you why an
ideawon't work or why something can’t be
done. | try to rip down the artificial barriers
they create. | make my own way.” [J
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70 Ultrasonic Determination
of Recrystallization

Ultrasonic Determination of Recrystallization

The state of recrystallization is easily identified.

Lewis Research Center, Cleveland, Ohio

The measurement of ultrasonic at-
tenuation shows promise as a means of
detecting recrystallization in a metal. The
technique may be applicable to the real-
time acoustic monitoring of thermome-
chanical treatments.

Cold working is a common method of
strengthening metals. With increased cold
work, strength increases up to a limit. The
microstructure of the metal becomes in-
creasingly distorted with increased work
and exhibits high internal stresses. These
residual stresses are detrimental to the
final structure.

The reduction of stresses in the material
is obtained by interrupting the cold-working
process to anneal the material through a
heating process. A repetitive process of
mechanical work followed by subsequent
annealing at the recrystallization tempera-
ture yields a material with optimum proper-
ties (small grains) and low residual stress-
es.

One complication in this thermome-
chanical treatment is that the recrystalliza-
tion temperature varies with the amount of
work in the material. Therefore, the re-
crystallization temperature must be deter-
mined at each step of the treatment for op-
timum results.

Several measurable characteristics of
materials vary markedly during recrystalli-
zation. Four of the most-common meas-
ured characteristics are hardness, strength,
ductility, and changes in the microstruc-
ture. These changes can be observed by
mechanical testing and by metallographic,
diffractive x-ray, and transmission-elec-
tron-microscopic examination. Measure-
ments of strength, ductility, and micro-
structural variations generally require
destructive tests. In addition, determina-
tions of hardness, strength, ductility, and
changes in microstructure may show wide
scatter, depending on the techniques used.

Ultrasonic attenuation was measured in
cold-worked nickel 200(99.5 + percent Ni)
annealed at increasing temperatures. Lo-
calized variations in the density of disloca-

70 Update your NASA Tech Briefs qualification form every six months.

tions, crystalline order, and volume percent
of recrystallized phase were determined
over the range of annealing temperatures
by use of transmission electron micros-
copy, x-ray diffraction, and metallography.
The exponent of the frequency depend-
ence of the attenuation has been found to
be a key variable that can be used to relate
the ultrasonic attenuation to the thermal
kinetics of the recrystallization process.
The attenuation as function of frequency
for thermomechanically-processed nickel
200 is shown in the figure. The onset and
completion of the recrystallization process
are easily identified and are indicated by
the light shading. The state of the re-
crystallization process (the volume per-
cent of the recrystallized phase) can be
determined quantitatively from the attenu-
ation data in the darker shaded region.
X-ray metallography and analysis by
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transmission electron microscopy individ-
ually cannot completely characterize the
state of the recrystallization process. How-
ever, the ultrasonic attenuation, being ex-
tremely sensitive to the formation of small
scatterers and having a wide dynamic
range to large scatters, is a viable, nonde-
structive, and convenient method for char-
acterizing the recrystallization process.
This work was done by Edward R.
Generazio of Lewis Research Center.
Further information may be found in NASA
TM-88855 [N87-10399/NSP], “Ultrasonic
Determination of Recrystallization."
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-14581
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Starting With Work-Hardened Material, one can ultrasonically determine the effect of an-
nealing, using the correlation between ultrasonic attenuation and temperature.
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COSMIC: Transferring NASA Software

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

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

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

Computer Programs

71 Distributed Architecture
for Phased-Array Antennas

71 Inverse Design of Simple,
Unbranched Ducts

72 Semi-Markov Unreliability-
Range Evaluator

review of programs in your area of interest. You
can also purchase the 1988 COSMIC Software
Catalog, containing descriptions and ordering in-
formation for available software.

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

COSMIC® — John A. Gibson, Director, (404)
542-3265 .
The University of Georgia, 382 East Broad Street,
Athens, Georgia 30602

Computer Programs

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

Qi

Distributed Architecture for
Phased-Array Antennas

The effects of failures and
changes in configuration
can be simulated.

The Distributed Architecture for Phased
Array Antennas (DISTAR) computer pro-
gram is a simulation tool used to study the
implementation of distributed phased-ar-
ray equipment. DISTAR allows the place-
ment of possibly-faulty transmitting/receiv-
ing modules (T/R’s) at locations throughout
the array. Variations in amplifiers and phase
shifters may degrade the performance of
an antenna, depending on environmental
conditions and array architecture. DISTAR
enables the antenna designer to examine
the characteristics of an array and how
they affect both the types and extents of
antenna failures. General specifications
for amplifier and phase-shifter tolerances
can also be determined for various archi-
tectures.

The configuration of an array is as-
sumed to be rectangular with optional
staggering in the x or y direction. The array
is divided into various subgroups both geo-
metrically and electronically. Each T/R
drives a subgroup of elemental radiators.
Both hard and soft failures of the T/R ampli-
fiers are modeled. A hard failure is catas-
trophic, as no power is transmitted to those
elements controlled by the amplifier that

NASA Tech Briefs, June 1988

failed. Soft, or noncatastrophic, failures are
simulated by a modified Gaussian distribu-
tion.

Flat, warped, and parabolic arrays can
be modeled. The user must supply the geo-
metrical specifications of an array, the am-
plitude and phase for each row and col-
umn, and the locations of all T/R'’s. Specific
or randomly chosen amplifiers may be
deemed faulty. DISTAR puts out the nor-
malized antenna gain patterns in the form
of tables and two- or three-dimensional
graphs.

DISTAR is written in FORTRAN 77 for in-
teractive execution and has been imple-
mented on a DEC VAX 11/780 computer
operating under VMS 4.4 with a central-
memory requirement of approximately
35K of 8-bit bytes (without graphics).
DISTAR requires the commercial DISSPLA
plot library for full graphics implementa-
tion. The program was developed in 1986.

This program was written by Shayla E.
Davidson and Brian Bourgeois of Johnson
Space Center and R. P. Jedlicka and P. A.
Henry of New Mexico State University. For
further information, Circle 25 on the TSP
Request Card.

MSC-21236

@ Mechanics

Inverse Design of Simple,
Unbranched Ducts

This program calculates the
shape of the duct to obtain a
desired flow field.

A computer program, DIN3D1, was de-
veloped for the inverse design of simple,
unbranched ducts. The inputs from the
user to the computer program are the ve-
locity distributions for all the surfaces that
make up a duct. These include the up-
stream and downstream velocity fields and
the velocities along the streamlines that
form the lateral boundaries of the duct. The

Real-Time
UNIX'

for Digital
Signal
Processing

Everyone’s talking about it now, but
we've been shipping it since 1982.
And we've continued to set the real-
time standard every year since.

Today scientists, engineers and OEMs
can choose from a whole family of
MC68020/030 multiprocessor
computers, from 2 to 20 MIPS,
designed for demanding applications
in data acquisition, measurement
and control, C31, GIS, and real-time
simulation.

HOW CAN REALTIME UNIX
HELP YOUR DSP PROJECT?

Call or check the reader service
number below for these

DSP Application Notes

Learn how your most knowledgeable
colleagues are meeting computing
challenges like yours.

Understanding Real Time UNIX

A comprehensive overview by
Professor John Henize.

1-800-451-1824

(MA 617-692-6200)

HH MASSCOMP

One Technology Way,
Westford, MA 01886

UNIX is a registered trademark of ATET Bell Labs,
MASSCOMP and RTU are registered trademarks of
Massachusetts Computer Corporation
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output of the program contains the duct
geometry and the complete flow field
through the duct.

The program is based on the assump-
tion of three-dimensional, steady, com-
pressible, subsonic flow. The program im-
plements a finite-difference solution of the
governing equations for the flow-field ve-
locities in a transformed space that has co-
ordinates based on the velocity potential
and two stream functions.

The program lets the user develop duct
shapes with a predetermined velocity flow
field. Thus, such undesirable flow condi-
tions as boundary-layer separation, super-
sonic flow, choked flow, and shocks can be
avoided. By the use of this program, it will

be possible to produce high-performance
duct designs with less effort than that re-
quired in the use of conventional tech-
niques of analysis of the flows in ducts.

DIN3D1 is written in FORTRAN [V for
use in IBM 370 systems.

This program was written by J. D.
Stanitz of Lewis Research Center. For
further information, Circle 12 on the TSP
Request Card.

LEW-14420
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It’s like night and day.

getting around to it.

tools—not toys.

CADKEY has been providing 3-D CADD on a personal
computer for over three years—our competitors are just

CADKEY has more than 36 true 3-D links to machining
programs. The competition? Not even close.

CADKEY offers true solids creation—not cosmetic shading.
With CADKEY, you can have a prototype in a day, drive a
5-axis machine tool, or transfer 3-D information to any
CADD system around the world. The competition?
Compare CADKEY's features with any other PC CADD
system. You'll want a closer look.

Join the 40,000+ designers who use real world design

CADKEY INC

27 Hartford Turnpike
Vernon, CT 06066

Telex: 510-600-7223 « FAX: (203) 646-7120

Telephone: (203) 647-0220
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Semi-Markov
Unreliability-Range
Evaluator

Reconfigurable, fault-tolerant
systems are modeled.

The semi-Markov unreliability-range
evaluator (SURE) computer program is a
software tool for the analysis of reliability of
reconfigurable, fault-tolerant systems. The
SURE program is based on a new method
for computing the death-state probabilities
of a semi-Markov model. Two features of a
fault-tolerant system have traditionally
made this task difficult: First, the use of so-
phisticated digital processors has led to
complex reconfiguration strategies that re-
sult in large, complex models. Second, the
recovery is many orders of magnitude fast-
er than the fault-arrival process. This caus-
es rapid growth in the error terms in nu-
merical-integration algorithms.

The new mathematical theorem on
which SURE is based provides a solution to
both of these problems for systems with
slow fault-arrival processes and fast sys-
tem recovery (i.e., good fault-tolerant sys-
tems). Previous reliability-analysis software
tools were applicable to only certain types
of fault-tolerant systems.

The SURE program computes accurate
upper and lower bounds on the probability
of failure of a system. The bounds are alge-
braic in form and thus are efficiently auto-
mated in the program. The program does
not assume any parametric form of the
process of recovery of a fault-tolerant sys-
tem. The SURE user defines the structure
of the model of the system by enumerating
all of the transitions in the model. The user
must supply the mean and standard devia-
tion for each recovery transition and the
rate of failure for each failure transition.

There is no need for sophisticated data-
fitting methods because means and stand-
ard deviations are easily obtained from ex-
perimental data. The program does not
assume any special features of the fault-
tolerant system undergoing analysis (e.g.,
does not assume that the rates of failure of
spares are the same as those of active
processors or that spares are assigned to
a particular subsystem). A model-pruning
technique has been included in the SURE
program to facilitate the analysis of very
large models that otherwise might require
excessive computational resources.

SURE is written in PASCAL for interac-
tive execution and has been implemented
on a DEC VAX computer operating under
VMS 4.1. Version 5.2 of SURE was released
in 1987.

This program was written by Ricky W.
Butler of Langley Research Center. For
further information, Circle 102 on the TSP
Request Card.

LAR-13789
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Miniature Remote Deadweight Calibrator
A microcomputer controls the calibration of a force transducer in a cryogenic chamber.

Langley Research Center, Hampton, Virginia

A miniature, computer-controlled dead-
weight calibrator was developed to cali-
brate remotely a force transducer located
in a cryogenic chamber. When used with a
microcomputer, the calibration system will
automatically apply the deadweight loads
to a skin-friction balance, record and
reduce the data, and print out the results.

The system (see figure) includes a spe-
cially designed set of five interlocking
200-mg weights, a motorized weight-ifting
platform, and a controller box that takes
commands from a microcomputer on an
|EEE interface. The computer is also used
to record and reduce the calibration data
and to control such other calibration
parameters as the number of readings per
data point and the number of calibration
cycles. The lifting platform is a flat surface

The Actuator Controller and Interlocking-Weight System are key elements in the precise,
automatic transducer calibrator.

TEAC ANNOUNCES
ASMALL IMPROVEMENT
IN DAIA RECORDERS

In addition, the signal-to-noise ratio of DAT recording is
unsurpassed. The RD-100T is switchable from 2 to 4-channel
recording, while the RD-110T provides 8 channels of recording,
plus one memo/voice channel. With TEAC portable DAT
recorders, the future of data recording is well in hand.

For the most complete line of data recorders available, call us

s at (213) 726-0303, or call your local TEAC rep.
TEAC Corporatlon of America, 7733 Telegraph
; S Road, Montebello, CA 90640.

Introducing the world’s smallest digital audio tape instru-
mentation recorders. The TEAC RD-100T and RD-110T.

Now the economy and quality signal of DAT recording is
available in a single, compact, portable data recorder.
AJC-D/C power makes our data recorders ideal for field use.

DAT tape cassettes provide up to two hours of continuous
recording time, with a full-range frequency response of
DC-20kHz. And, with digital recording, the tape speed
remains constant at all frequencies.

Instrumentation and Computer
Products Division
Circle Reader Action No. 344
Update your NASA Tech Briefs qualification form every six months. 73

©1988

NASA Tech Briefs, June 1988



mounted on the vertically moving shaft of a
commercial digital linear actuator.

A commercial driver for the actuator,
modified and installed inside the system
control box, serves as the interface be-
tween the controller and the linear ac-
tuator. The actuator controller, fabricated
in-house, consists of a pulse counter witha
three-digit light-emitting-diode display, a
comparator circuit, and several gates and
control switches.

The controller is operated in a manual
mode during the setup procedure, in which
the number of pulses required to move the
platform to each weight-load position is
determined. This information is used by the
computer program to position the platform
during the automatic calibration. The sys-
tem is designed for a full-scale load of
1,000 mg. However, the concept can be
extended to accommodate other full-scale
load ranges.

This work was done by Frank H.
Supples, Jr, and Ping Tcheng of Langley
Research Center. For further information,
Circle 26 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 14]. Refer to LAR-13564.

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.

Protecting Airplanes
From Wind Shear

Improvements in flightpath
displays may help pilots avoid
crashes in downbursts.

A report presents the computer-simulat-
ed response of a large transport aircraft to
downbursts of wind during takeoffs and
landings. The simulation clearly demon-
strates the benefits of increased available
energy in the form of initial speed, initial
altitude, or higher thrust-to-weight ratio.
For example, the advantage of anincrease
of 10 kn (5.1 m/s) in speed can be equated
to the advantage of about 130 ft (40 m) of
altitude at takeoff and landing speeds.

The simulation was prompted by a
crash in New Orleans in 1982 caused by
downburst wind shear. The investigation
that followed the crash called for studies of
the ability of aircraft to penetrate and re-
cover from wind shears and for develop-
ment of sensor and guidance equipment
on board aircraft to improve the chances
of recovery.

The simulation showed that the higher
thrust margins required of two-engine air-
craft, as opposed to three- or four-engine
planes, increase the tolerance of severe
shear. The most successful procedures for
flying through downburst shears involved
flightpaths near the ground, sacrificing
altitude for speed to increase endurance in
the shear. Flying at fixed pitch attitude was
found to be less successful but neverthe-
less is probably the most practical proce-
dure with the flight-guidance displays cur-
rently available to pilots. The performance
of an aircraft in a severe wind disturbance
would be improved by displaying the flight-
path so that it can be controlled directly
and by simultaneously displaying informa-
tion on the speed and altitude.

74

This work was done by Richard S. Bray
of Ames Research Center. 7o obtain a
copy of the report, “Aircraft Performance
in Downburst Wind Shear,” Circle 93on the
TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Ames Re-
search Center [see page 14]. Refer to
ARC-11801.

Rebound of Previously
Compressed O-Ring

The behavior over a range of
temperatures is analyzed.

A report presents a theoretical and ex-
perimental analysis of the relaxation
characteristics of an O-ring of vinylidene
fluoride/hexafluoropropylene copolymer of
the same composition as that used in the
solid rocket boosters on Space Shuttle
flight 51-L. The study covers the range of
temperatures from 10 to 120°F (- 12 to
49°C).

The O-rings had a circular cross section,
0.28 in. (71 mm) in diameter. The O-rings
were initially compressed 0.04 in. (1.0 mm)
for 2 h by a flat plate. The equivalent stiff-
ness for a 1-in. (2.54-cm) segment of the
O-ring was 812.5 Ib/in. (1.423 X 105 N/m).
The relaxation data cover the interval from
0 to 1 s after removal of the compressive
force. The magnitude of the initial rebound
decreased from over 0.02 in. (0.5 mm) at
120 °F (49°C) to essentially O at 25 °F
(—4°C) and below. The glass-transition
temperature of the material is 10 °F
(—12°C).

The analysis indicates that two different
mechanisms are involved in the response
of the O-ring when a compressive force on
the O-ring material is removed. When com-
pressed, the material takes a set, which
becomes the new short-term equilibrium
position. During the first 2 to 3 ms after
release, the rebound is dominated by over-
damped elastic motion toward the short-
term equilibrium position. After that, the
response is dominated by a classic creep
as the material relaxes toward its original

shape.

The set position, the initial response,
and the final relaxation position all depend
on both the temperature and the duration
of the previous compression. The lower the
temperature, the larger the set, the smaller
the initial response, and the larger the dif-
ference between the initial position before
compression and the final relaxation posi-
tion.

The report presents a one-dimensional
mathematical model of the response that
provides for both the elastic response and
the creep. The parameters of the model
that depend on the temperature include
the relaxation position after 2 min, the
short-term equilibrium set position, the
damping coefficient, and the creep-retar-
dation factor. These parameters are repre-
sented by second-, fourth-, second-, and
second-order power series in the tempera-
ture, respectively, fitted to experimental
data. Graphs show the data and the fitted
curves for each of these expressions.
Other graphs show the measured dis-
placement versus time during rebound
and the corresponding curves from the
model for various temperatures. The data
and the curves from the model agree
closely.

This work was done by Carleton J.
Moore of Marshall Space Flight Center.
Further information may be found in NASA
TM-86582 [N87-24985/NSP], “SRB O-Ring
Free Response Analysis."

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.

MFS-27186
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TI-23A Shuttered Monochrome
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(Note: Camera shown is life size.)

enough to work in your most de-

and built an industrial camera spe-
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long line of compact cameras, the rugged little
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Hardware Techniques, and
Processes

76 Quasi-Three-Dimensional
Analysis of Turbine Flow

76 Designing Film-Cooled
Turbine Disks

Quasi-Three-Dimensional Analysis of Turbine Flow
A computer program reduces computer time and treats multiple elements.

Marshall Space Flight Center, Alabama

An improved design-analysis program
for turbomachinery can be applied to multi-
ple turbine elements simultaneously. The
program enables continuous and coherent
analyses rather than the previous piece-
meal analyses of flow fields. The effects of
upstream elements on downstream flow
are thus taken into account automatically.

The quasi-three-dimensional program
reduces the number of iterations needed
to arrive at a final design and thus saves
time and money. Moreover, the program
can be restarted at several points in its ex-
ecution sequence.

With its grid spacings tighter than those
of older programs, the new program gives
more accurate results. The program takes
into account the behaviors of real gases,
not just ideal gases.

The program consists of two parts.
Meridional-plane analysis examines the
flow from the hub to the tip surface.
Streamline-surface-of-revolution analysis
examines the flow from blade to blade. The
analysis procedure follows these three
steps:

1. Define station lines and run the meridio-
nal-plane analysis program for an annu-
lus channel — one without blades. Let
the leading and trailing edges be the sta-

First

Iteration
Second

Iteration

Third

Iteration seeeee

The Flow About a Row of Turbine Blades is computed by iteration of meridional-plane (M)
and streamline-surface-of-revolution (S) analysis programs. The rectangular blade shape is

schematic only.

tion lines;

2. Insert one turbomachine element at a
time, starting at the upstream end, and
run the meridional-plane analysis pro-
gram followed by the streamline-sur-
face-of-revolution analysis program (see
figure); and

3. Proceed to the next downstream as-
sembly of elements and repeat step 2.

This work was done by Wayne W. Hsu of
Rockwell International Corp. for Marshall
Space Flight Center. For further informa-
tion, 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, Marshall
Space Flight Center [see page 14]. Refer to
MFS-29280.

Designing Film-Cooled Turbine Disks -

A technique would optimize weights and speeds of disks in film-cooled turbines.

Marshall Space Flight Center, Alabama

A proposed iterative approach to design
would enable the shaping of turbine disks
partly according to their temperature pro-
files. The method would balance the tan-
gential stress in each disk with a measure
of the temperature derived from film cool-
ing as the film coolant travels radially out-
ward from the source of coolant at the
center of the disk. The rotor disk would be
contoured to both the temperature profile
and the ability of the disk material to with-
stand stress.

The method would provide an optimal

76 Update your NASA Tech Briefs qualification form every six months.

match of power and efficiency with the
thermal and structural properties of the
turbine. It would avoid the extreme of low
coolant flow, which gives rise to high tem-
peratures in the disks and consequently
unsafe operation, and of high coolant flow,
which diminishes the performance of the
turbine by diverting flow from the main
power path.

Thus contoured or tapered, the disks
would be relatively light in weight and could
run at relatively high rim speeds ap-
proaching 2,000 ft/s (600 m/s). The new

iterative approach would be suitable for the
design of advanced stationary, aircraft,
and rocket turbines.

This work was done by William R.
Wagner of Rockwell International Corp.
for Marshall Space Flight Center. No
further documentation is available.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 14].Refer to
MFS-29287.
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Our Experience
is relative to None.

No one comes close to BEI's 20 year history
of space program experience. Proven on
dozans of successful missions including;

Orbiting Astronomical Observatory « Apolo
Telescope Mount » Synchronous Meteorolo-
gical Satellites including SMS, GOES, GMS,
VAS + Solar Maximum Mission + SAAM «
Space Sextant « Galileo Deep Space Probe «
Space Telescope « Space Shuttle — encod-
ers and commutators * And other programs.

of our Design.

BEI's unique design features result in the
highest accuracy and reliability obtainable
anywhere. Better than 0.6 arcsecond accu-
racy proven by actual test. And a MTBF on
many space rated models in excess of
950,000 hours. Our long established systems
and procedures are in compliance with high
quality criteria NHB-5300.4 (3A-1) and MIL-
Q-9858A, and high reliability criteria MIL-
STD-785. Contact BEI for more details.
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78 Ultrasonic Measurement of 80 Continuous Production of
Silicon-Growth Interface Refractory Microballoons

78 Pyrotechnic Tubing 81 Automatic Inspection
Connector During Machining

Ultrasonic Measurement of Silicon-Growth Interface
The difference in acoustic impedance between the liquid and solid would cause sonar reflections.

NASA's Jet Propulsion Laboratory, Pasadena, California

The position of the interface between a
silicon melt and a growing ribbon of silicon
can be measured with the aid of reflected
ultrasound, according to a proposal. The
reflections would also reveal characteris-
tics of the ribbon and the melt. The data
from the ultrasonic measurements would
be used to control such parameters of the
growth process as the rate of pull and the
temperature of the melt, to promote fast
production of high-quality single-crystal
material. It would no longer be necessary
to rely on indirect measurements to esti-
mate the position of the liquid/solid inter-
face.

To protect the ultrasonic equipment
from the high melt temperature, buffer
rods would be used to conduct the
ultrasonic pulses to and from the silicon
seed crystal. The seed would be immersed
in the melt and withdrawn from it in the
usual way, carrying a ribbon of single-crys-
tal silicon with it. The ultrasonic pulses
would be transmitted into the growing rib-
bon, then reflected from the features in the
ribbon and melt back to the transducers
(see figure). A sonarlike calculation based
on the speed of sound in the medium and
the elapsed times between transmission of
a pulse and reception of its reflections
would give the distances to the liquid/solid
interface, inhomogeneities in the melt, and
other features.

This work was done by Richard C.
Heyser of Caltech for NASA’s Jet Propul-
slon Laboratory. For further information,
Circle 131 on the TSP Request Card.

In accordance with Public Law 96-517,
the contractor has elected to retain title to
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Ultrasound Pulses Would Travel Through Rods to a silicon ribbon growing by the dendritic-
web process. The rods would return reflections of the pulses to the sonic transducers. The
rods would isolate the transducers thermally, but not acoustically, from the hot silicon melt.

California Institute of Technology
1207 East California Boulevard

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

dressed to Pasadena, CA 91125
Edward Ansell, Refer to NPO-17076, volume and number
Director of Patents and Licensing of this NASA Tech Briefs issue, and the
Mail Stop 301-6 page number.

Pyrotechnic Tubing Connector

A tool would form a mechanical seal at a joint without levers or hydraulic apparatus.

Lyndon B. Johnson Space Center, Houston, Texas

Aproposed tool intended for use in outer
space could be used on Earth by heavily

78 Update your NASA Tech Briefs qualification form every six months.

garbed workers to join tubing in difficult en-
vironments. The tool, called Pyrotool,

would be used with Lokring (or equivalent)
fittings. Ordinarily, Lokring (or equivalent)
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~ The complex world of
microprocessor development
just got simpler;

‘
il

fl As the challenges of developing and

debugging embedded microprocessor
designs becomes more and more com-
plex, you need the best development
tools possible.

And nobody offers you higher relia-
bility, better performance or a quicker way
to develop and debug your 8, 16 or 32-bit
systems than Applied Microsystems.

Our emulators, for example, can be
controlled from the host computer you
work with (VAX, Sun, Apollo, IBM PC or
compatible). Your target system will run
exactly as if its microprocessor were in
place. And you'll get a clear picture of
your design and how it interfaces with
interrupts, clocks and the flow of software.

Our emulators are designed to work
with easy-to-use VALIDATE software to
give you powerful source level or sym-
bolic debugging capabilities. You also get
our powerful Event Monitor System, a
hierarchical, real-time breakpoint and
triggering system.

The list of benefits goes on and on;
but the end result is a faster, easier and
more accurate approach to developing,
debugging and integrating your design.

To find out more, write Applied

e - Microsystems Corporation, P.O. Box

e s 97002, Redmond, Washington, USA

L 98073-9702. Or call (800) 426-3925,
N

High-ormance 8,16
and 32-bit emulation.

in WA call (206) 882-2000.
In Europe contact Applied Microsystems
SOﬂware de\{e]opment Corporation Ltd., Chilt:;n Court, High Street, Wendover,
tOOlS, mcludmg source ?y:esl'})‘ury. lz:cks‘ :{9!:22 )()'DE;P.ZUnitcd Kingdom.
: 40)-296-625462.
and symbolic level b
debuggers.

i

Applied
Microsystems
Corporation

Motorola, Intel, Zilog and
Hitachi microprocessor

support.
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fittings are slipped over the ends of the
tubes to be joined and are compressed by
a lever or by hydraulic pressure so that
they form a leaktight connection.

The Pyrotool (see figure) would employ a
pyrotechnic charge to compress the fit-
tings. It would include a piston and cylinder
containing the fittings and would be preat-
tached to the end of a tube section. The
user would insert the mating tube in the
tool and fitting and would detonate the
charge by mechanical or electrical means.
The burning charge would generate pres-
sure on the piston face, driving the piston
toward the mating tube so that it com-
presses the fitting, thereby joining the tube
ends.

The joining process would be complete-
ly contained and would create no debris.
Once used, the tool would remain on the
joined tubes.

This work was done by Thomas J.
Graves and Robert A. Yang of Johnson
Space Center. For further information,
Circle 15 on the TSP Request Card.
MSC-21262

Fitting

Tube 1

Concentric
Piston

%

et

Cylinder
Body
O-Ring
Seals
Tube 2
Expansion
SN Chambers

Pyrotechnic
Charge

The Piston Slides in the Cylinder when pushed by gas from a detonating pyrotechnic charge.
The impulse of the piston compresses the fittings, sealing them around the butting ends of

the tubes.

Continuous Production of Refractory Microballoons
A continuous process would have economic and quality advantages over batch processes.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A proposed continuous process for the
direct production of microballoons from
molten refractory materials has several
advantages over the conventional batch
techniques:

* The cost is lower.

* Microballoons can be produced with more
uniform size and shape in large-quantity
production.

* Awider range of sizes and shapes can be
specified for large-quantity production.

* Temperature cycling is eliminated, reduc-
ing the cost of energy, thermal fatigue, and
the frequency of replacement of parts be-
tween heating cycles.

Microballoon products made by the con-
tinuous process could include inertial-con-
finement fusion targets, thermal insulators,
lightweight composites, impact absorbers,
and containers for hazardous materials.

The general process is depicted sche-
matically in Figure 1. Figure 2 illustrates in
more detail the design of a version inwhich
the microballoons are formed in a hollow
jet. This version imposes the most formida-
ble high-temperature design limitations
and is the one most widely tested.

Melting and refining occur in a con-
trolled-atmosphere vessel above a drop
tower. The atmosphere is tailored for in-
dividual applications to influence the melt-
chemistry and cooling characteristics of
the freely falling microballoons. Within a
single crucible, three induction heating
coils and a common graphite susceptor in-
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Melting
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(Dissolved-Gas
Control and
Filtration)
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¢ Hollow Jet,

* Recessed Nozzle, or
* Atomization/Remelting

y

Free Fall and
Solidification
in Drop Tower

v

Sample
Collection

dependently heat the melting, refining, and

nozzle/orifice regions. Temperature con-

trol is maintained in these three regions via

thermocouples and furnace controllers. A

rare metal, glass, or ceramic inner liner is

used to contain the refractory melt.

A mechanism of rollers and packing
glands feeds a polished rod of the raw
material into the system. As it passes
through the susceptor, the rod melts from
radiant heat. The feed mechanism is con-
nected to a melt-level controller consisting
of a differential-pressure transducer and a
ceramic tube immersed in the melt. The
controller varies the raw-material feed rate
and the pressure of the controlled atmos-
phere to maintain constant hydrostatic
pressure, thereby assuring that an equal
volume of liquid is issued to each microbal-
loon.

Continuous melt refining is carried out in
two stages:

1. Dissolved gas is flushed out with an inert
gas, which is fed into the melt through a
conventional bubbler. This step is neces-
sary to control the chemistry of the melt
and to minimize orifice clogging by such
contaminants as oxides and nitrides. With
moiten metals, such dissolved gases as
hydrogen could cause unwanted porosity

Figure 1. The Continuous Process is ex-
pected to produce high-quality microbal-
loons at relatively low cost.
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Microballoons

in the solidified microballoons. On the

other hand, atomization/remelting proc-

esses rely on sensitively controlled levels
of dissolved gas to form porosity upon sol-
idification.

2. The melt is filtered by such conventional
filters as glass or ceramic fiber meshes,
monolithic porous ceramics, or granulat-
ed filter beds.

The lower end of the crucible is de-
signed to accommodate a variety of noz-
Zles for a variety of microballoon-genera-
tion techniques, using standard press fit or
threading methods. Gas is introduced to
the orifice through a ceramic or noble-
metal tube passing along the axis of the
crucible.

After issuing from the nozzle orifice, the
microballoons solidify by cooling in the
drop tower. As in conventional batch proc-
esses, the drop tower has a controlled at-
mosphere, and its temperature profile is
adjusted to meet specific applications.

This work was done by Christopher H.
Schilling, Mark C. Lee, and Taylor G. Wang
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
13 on the TSP Request Card.

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

Edward Ansell,

Director of Patents and Licensing

Mail Stop 301-6

California Institute of Technology

1207 East California Boulevard

Pasadena, CA 91125

Refer to NPO-16679, volume and num-
ber of this NASA Tech Briefs issue, and the
page number.

Figure 2. Continuous Hollow-Jet Process
will produce microballoons of refractory
metal.

Automatic Inspection During Machining
Machine tools can inspect their work under numerical control.

Marshall Space Flight Center, Alabama

In an experimental manufacturing proc-
ess, a numerically-controlled machine tool
is temporarily converted into an inspection
machine by installing electronic touch
probes and specially-developed numeri-
cal-control software. The software drives
the probes in paths to and on newly ma-
chined parts and collects data on the di-
mensions of the parts.

The conversion makes it unnecessary
to remove the parts from the machine
tools, set them up for inspection, and reset

NASA Tech Briefs, June 1988

them on the machine tools for further proc-
essing. The probes and software can be
used on three-, four-, and five-axis numeri-
cally-controlled machine tools like mills,
vertical turret lathes, and jig borers.
Specifications documenting features to
be measured and accuracies are devel-
oped for each type of machine. The numer-
ical-control tapes for a given machine type
are then checked to determine which of
those features already on tape meet the
criteria for inspection of the part on the

machine. A numerical-control program-
mer then uses the available features to
write an inspection tape. With new soft-
ware, the machine tool machines a part,
puts its cutters away, inserts the inspection
probes to inspect the part, and reports
results of the inspection immediately.

This work was done by Clyde L. Ransom
of Rockwell International Corp. for Mar-
shall Space Flight Center. No further
documentation is available.

MFS-29362



New on the Market

The Series 10000™ family of Per-
sonal Supercomputers™ from
Apollo Computer Inc., Chelmsford,
MA, puts supercomputer-class power
at the fingertips of every user. The
new computers are based on a PRISM
(Parallel Reduced Instruction Set
Multiprocessing) architecture featur-
ing multiprocessing capabilities,
parallel instruction single-cycle ex-
ecution, new data flow compiler
technology, and a 64-bit architecture.
Designed for the office environment,
Apollo’s Personal Supercomputer
family offers up to 128MB of main
memory, 3 gigabytes of local mass
storage. and a 128KB instruction
cache and 64KB data cache to boost
bandwidth.

Circle Reader Action Number 778.

Cole-Parmer Instrument Co.,
Chicago. IL, is offering a free 20” by
28" wall chart featuring a chemical
resistance summary. One section of
the chart describes the effects of
chemicals on plastics, and explains
oxidation, depolymerization absorp-
tion. permeation dissolution and
stress-cracking. Another section il-
lustrates the chemical resistance of
plastic resins.

Circle Reader Action Number 800.
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A new handheld system for the
nondestructive testing of bonded
metallic and composite materials has
been introduced by Laser Technol-
ogy Inc., Norristown, PA. The
BONDSCAN inspection system com-
bines an infrared video camera,
memory unit, and built-in heat source
to instantly capture and display
material defects. Designed especial-
ly for evaluation of aircraft com-
ponents, the BONDSCAN can rapid-
ly detect delamination, unbonds and
impact damage in any composite
part.

Circle Reader Action Number 782.

The 3D graphics performance of
super workstations can now be
achieved on personal computers with
the Nth 3D Engine™ display con-
troller from Nth Graphics, Austin, TX.
When added to a PC/AT, the Nth 3D
Engine produces a complete $13,000
CAD workstation that provides wire
frame and shading functions at
speeds previously found only in
$50,000 stations. An 80,000-line 3D
object can be rotated or zoomed in
about two seconds, while the well-
known ‘‘Teapot’” model (1200
polygons) can be flat shaded and
rotated in % second. The standard
Nth 3D Engine transforms 5,000
constant-shaded, 500-pixel polygons
per second, and also supports conic,
and bicubic structures along with text,
any of which can be interactively
picked on the computer screen.

Circle Reader Action Number 780.

A new videotape training program
designed to help companies sell their
products and services to the military
market is now available from Federal
Procurement Services, Rockford, IL.
The two-hour tape comes with a 500
page training and reference manual
that lists all major military and civilian
buying locations. Federal Procure-
ment Services also offers a videotape
series on how to meet the govern-
ment’s stringent quality and paper
work standards.

Circle Reader Action Number 792.

EGC Enterprises Inc., Mentor, OH,
has developed a seal and gasket kit to
assist design engineers in under-
standing how homogeneous and
composite flexible graphite seals and
gaskets can provide solutions to their
fluid sealing problems. Each kit con-
tains 18 sample products and a pro-
duct guide that outlines the properties
of flexible graphite. The kits are free
to qualifying engineering de-
partments.

Circle Reader Action Number 796.

“The Piezo Book,” a 14 page
technical design guide on piezoelec-
tric actuators, is available free of
charge from Burleigh Instruments,
Fishers, NY. The guide describes the
properties of piezoelectric materials
and their application to positioning
systems, and also discusses methods
for choosing the best type of actuator
for a given application.

Circle Reader Action Number 794.

Materiails
and Systems
for Static Control

DriasTx sysrems

A new catalog describing products
and services to control electrostatic
discharge (ESD) is available free of
charge from Plastic Systems Inc.,
Grand Rapids, M. Titled ““Materials
and Systems for Static Control,” the
48 page catalog illustrates the effects
of ESD on the environment, and in-
cludes details on Plastic Systems’ ESD
consulting services, educational pro-
grams, and on-site plant surveys.
Circle Reader Action Number 784

Digital Equipment Corporation,
Maynard, MA, has created an ad-
vanced version of its VAX FORTRAN
compiler that allows application pro-
grammers to spread the execution of
programs across multiple processors,
thereby speeding job execution on
VAX multiprocessor systems. The
new software features directed
decomposition, which enables an ap-
plication developer to select parts of
a program to run in parallel on dif-
ferent processors. This advance com-
plements Digital’'s VMS Version 5
multiprocessing capability, which in-
creases system throughput by ex-
ecuting several jobs at once.

Circle Reader Action Number 786.

F |

The world’s first wide format laser
plotter has been introduced by Ver-
satec, Santa Clara, CA. The Versatec
8836 laser plotter draws at 400 points
per inch resolution and produces
quality plots at a constant speed of
one inch per second. E-size (34"x
44") drawings can be plotted in under
70 seconds, while D-size (22"x34")
drawings take less than a minute.
Targeted at CAD users, the 8836 ac-
cepts industry-standard data formats
such as Versatec Random Format and
906/907 pen plotter formats. Support
for the HP-GL data formats is also
available.

Circle Reader Action Number 790.

Control Laser Corp., Orlando, FL, has
developed a new family of CW
Nd:YAG lasers called the 600 Series.
The new lasers feature modular con-
struction, easy-to-service subassem-
blies with plug-in boards and wiring,
an innovative modular cooling sys-
tem for fast water and filter changes,
and a MOSFET switching power sup-
ply offering excellent pulse stability
and extremely low ripple. Applica-
tions of the 600 Series include
micromachining-scribing, engraving,
trimming, soldering, drilling, and
welding.

Circle Reader Action Number 788.

A computerized diagnostic system
called ““Charley’” that can predict
when machines need maintainance
or repairs has been introduced by the
General Motors Corp., Warren, Ml.
The cornerstone of the process is a
knowledge base, known as an expert
system, that emulates the human rea-
soning process. Using over 1,000
rules of vibration analysis, Charley ex-
amines the readings of a machine’s
vibration patterns to pinpoint such
problems as unbalance, misalign-
ment, structural weakness, and bear-
ing wear or failure.

Circle Reader Action Number 798.
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1 micro INCH

NON-CONTACT

GAGING

for less than $5,000!!

Pioneer's PDG 500 PROXIMITY GAGE offers unparalleled
accuracy and sub-microinch resolution for measuring
displacement on a wide variety of fixed or moving surfaces.
The PDG 500 is extensively used in the precision machine
tool, semiconductor and disk drive industries, and has
become the standard by which all others are judged.

* Wide Range — +10 pinches to +10 mils
* High Resolution — better than 0.2 pinch

TYPICAL APPLICATIONS

« High Accuracy — 0.2% of Full Scale ¢ FLATNESS and THICKNESS
« High Linearity — 0.1% of Full Scale ¢ SURFACE IRREGULARITIES
o Ultra-low Nolse — less than 0.05 pinch ¢ DIAMETER VARIATIONS

* Wide Bandwith — up to 40 KHz ¢ BEARING/SPINDLE RUNOUT
* Analog Outputs for extemal processing ¢ PRECISION ALIGNMENT

« Large Standoff Distances — 2 to 100
mils, depending on probe and application

* Wide Varlety of Standard and Custom
Probes to suit almost any requirement

B i

+ CLOSED-LOOP POSITIONING
¢ MECHANICAL CALIBRATION
¢ COATING THICKNESS

PIONEER TECHNOLOGY, Inc.

760 Palomar Avenue, Sunnyvale, CA 94086 e (408) 737-7010
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COLD OR HOT

EASY STARTS

WITH TUFOIL

Hot weather . . . When you shut your engine down on a hot
summer day, particularly after a Turnpike run, it's often hard to
start. Hot parts expand and pinch together. TUFOIL’s super low
friction helps you get going easier. Cold weather puts a big strain
on your battery and starting motor. Recent Canadian govern-
ment and independent tests in Michigan verify improvements
when TUFOIL is used. Cranking speed for gas engines improved
6.1% . . . diesels 9.6% . . . and-a 5% fuel savings too. Six U.S.
patents so far! Make winter and summer driving and starting
easier.

Use TUFOIL . . . your engines will run better, last longer!

TUFOIL for Engines™
TUFOIL Lubit-8™

TUFOIL Gun-Coat™
TUFOIL Compu-Lube™
TUFOIL Lightning Grease™

But that's only part of the story! Recent tests
by a major Federal Government Lab show a
surface friction of .029 for their steel on steel
4-hall test using TUFOIL (teflon on teflon is
.04). Confirmation is coming in from all over
the world. OEMs specify TUFOIL products
for astonishing improvements in perform-
ance in all types of machines.

TUFOIL is the “transistor of lubrication™ . . .
no other lubricant even comes close.

1-800-922-0075
Fluoramics, Inc.

103 Pleasant Avenue
Upper Saddle River, N.J. 07458
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TUFOIL is a TM of Fluoramics, Inc
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©1987 Fluoramics, Inc.

We make the Best Superconductors

in the world too!
For additional technical information, see NASA Tech Briefs from Nov./Dec. 1986 to date.
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Motorized
Positioning Stages

AG'’s Hi-Precision X-Y Positioning Stages are avail-
able in 2", 4” and 6" standard travel models. They
consist of two identical, specially designed AG
Ball Slide assemblies mounted in tandem, driven
by precision centrally located lead screws actuated
by stepping motors. AG's exclusive tapered wedge
pre-load adjusting feature completely eliminates
backlash and play.

The X-Y or single axis

stages are compact in

design and may be mounted

in any position. Custom

applications are avail-

able to your specifi-

cations. Call or

write for more

information.

Smooth,accurate

linear motion for

instrumentation,

product design,

machine design and

gaging devices. All standard AG

Hi-Precision Slides are available with

either ball or crossed roller bearing ways in

eight cross-sectional sizes and a travel range from

% to 15 inches for a total of 62 models from stock.

AUTOMATION GAGES, INC.
850 Hudson Ave., Rochester, NY 14621 Dept. 245

PHONE 716-544-0400 * 800-922-0329
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SCIENTIFIC/ENGINEERING

GRAPHIC TOOLS
for the IBM PC and compatibles

FORTRAN/Pascal tools: GRAFMATIC (screen graphics)
and PLOTMATIC (pen plotter driver)

These packages provide 2D and 3D plotting capabilities
for programmers writing in a variety of FORTRAN/Pascal
environments. We support MS, R-M, LAHEY FORTRAN
and more. PLOTMATIC supports HP or Houston Instru-
ment plotters. Font module available too!

Don’t want to program? Just ask for OMNIPLOT! Menu-
driven, fully documented integrated scientific graphics.
Write or call for complete information and ordering in
structions.
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Microcompatibles, 301 Prelude Drive, Silver Spring, MD 20901
(301) 593-0683
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NASA NEWS BRIEFS

NASA plans to issue a request for proposals (RFP) on June 29th for
design and development of a Space Shuttle Advanced Solid Rocket
Motor (ASRM). The motor will feature a segmented design to improve
reliability and safety, and is expected to increase Shuttle payload by
12,000 pounds. NASA's estimated cost for the ASRM is just under $1
billion, including $300 million for construction of a production and

testing facility.

Growth in trans-Pacific air travel would justify designing and
building a new supersonic passenger airliner to be placed into service
by the year 2010, according to results of an 18-month study sponsored
by NASA's Langley Research Center. The supersonic transport envi-
sioned in the study would cruise at two to three times the speed of
sound and carry three times as many passengers as the Concorde.

A three-dimensional perspective display system has been
developed by NASA's Ames Research Center to aid close-in spacecraft
maneuvers. The computer-generated display can precisely depict a
spacecraft's position relative to other vehicles and objects, allowing
rapid, accurate monitoring and response. If placed aboard Space Sta-
tion, the display would help in conducting maneuvers within one mile
of the orbiting platform, according to Steven R. Ellis, the system’s

inventor.

The 25th anniversary of NASA’s Technology Utilization Program
will be spotlighted at Spinoff '88, the Thirteenth International Sym-
posium on Technology Transfer and Annual Meeting of the Technology
Transfer Society, to be held June 29-July 1 in Portland, OR. Other con-
ference highlights include a report on technology transfer in the Peo-
ple’s Republic of China and symposia on the commercialization of the
Strategic Defense Initiative (SDI). For further information contact
Richard Hampton, National Organizing Chairman, at (503) 244-3393. [J
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We Build Pioneering Spacecrafl.

NASA's Advanced Communications
Technology Satellite (ACTS) program is the
harbinger of United States 21 st century space
communications.

GE Astro Space will provide the spacecraft bus
and the advanced 30/20 GHz communications
payload, which includes a scanning multibeam
antenna, advanced switching and processing
systems and a high-speed baseband processor.
Tailored for spectrum conservation, all
component and device technology and flight

hardware take advantage of our innovative
design and reliable engineering expertise.
The production and subsequent space
qualification of the ACTS flight system is
critical to maintain the high capability.
efficiency and cost effectiveness of the next
decade’s space communications demands.
GE Astro's proven management and technical
skills ensure successful demonstration of the
key technologies essential to United States
leadership in space communications.

Demonstrated Excellence in Space

P.0. Box 800, Princeton, NJ 08543-0800 USA

GE Astro Space
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HEADGEAR THAT HOLDS EVERYTHING AN ASTRONAUT
NEEDS TO TACKLE SPAGE MISSION PROBLEMS.

Keeping track of the millions of instructions ~ about the station and tackle intricate space
needed to maintain a space station, monitor its mission tasks. Headgear data displays being
systems and conduct research will be no easy  developed by engineers at McDonnell Douglas—
task. But McDonnell Douglas space flight for spacecraft, aircraft and
specialists have found a way to store massive  maintenance —save time
amounts of data on computers linked to a and improve performance.
miniature TV mounted on the astronaut’s

helmet. Detailed instructions needed to get the I P

job done are instantly available at the touch of gz sy, MeDowell Donglas,
a button, leaving the astronaut free to move Box 14526, St. Louis, MO 63178,

MCDONNELL DOUGLAS

Giving America its money’s worth.
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