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3D Laser Imaging
in a Practical Package

The Odetics 3D Laser Imaging System consumption unit is self contained and ready
provides versatile machine vision for a variety for immediate installation. Its robust
of applications. construction and reliable performance

The system provides high quality independent of ambient illumination, make it
concurrent range and video images with an all ~ suitable for many demanding applications.
digital output. To learn more about the Odetics 3D Laser

The compact, lightweight, low power- Imaging System, call our vision experts today.
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Odetics

Advanced Intelligent Machines Division

1515 South Manchester Avenue, Anaheim, California 92802-2907
0714 758-0300 TLX 3716642 Fax 714491-9885
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INVESTING
IN THE
GENIUSOF THE
MIND

A simple discovery can unlock a secret that leaps millennia, to open riches of information that
amaze the world. . . .. The Rosetta Stone, found in the Nile Delta by one of Napoleon’s Engineer
Officers, held the key to the ancient Egyptian hieroglyphics: fragments of three identical texts, one
in a known language. The lost knowledge of the pharaohs sprang to life. . . . . Most discovery
needs more than luck. An orderly process of observation and analysis—plus the genius of the mind
to reach conclusion. . . . . At the David Sarnoff Research Center, the genius of the mind has been
at work for nearly half a century, making discoveries for corporate and government clients around
theworld. . . .. This reservoir of accumulated experience and knowledge of superconductivity,
surface emitting diode lasers, high-definition TV systems and allied disciplines, continues to make
significant advances for our clients. . . . . General David Sarnoff saw us as a force to “Amaze the
world!” using the powers of the mind to bring the best of technology to the service of industry and
government. As a result, we often find our heads in the clouds, our feet on the ground —and some
amazing solutions for the problems of our clients. . . . . For information call: Market Develop-
ment, David Sarnoff Research Center, CN 5300, Princeton, NJ 08543-5300 (609) 734-2553.

When you want to discover something amazing. . . . .

DAVID

SARNOFF

RESEARCH CENTER

Subsidiary of SRI International
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Requirements Analysis Design & Code

Cadre’s Unified CASE product family brings software design With requirements analysis completed, project teams imple-
automation to the entire systems development lifecycle, from ment software design and program logic using Teamwork.
requirements analysis through to product test. Design converts directly to code using Ada and C Source
Requirements analysis extracts product function and behavior Builders, improving consistency and product maintainability.
from fundamental system requirements. Workstation-based Cadre’s networked Unified CASE environment moves design
Teamwork and ADAS describe system requirements and teams quickly through the product lifecycle to develop
evaluate tradeoffs between cost and performance. superior products.

CADRE means

®

Winning teams depend on it.

PathMap, PROBE, Software Analysis Workstation, Unified CASE, Ada Source Builder, and C Source Builder are trademarks of Cadre




Test & Integration

Cadre’s Unified CASE test products debug and test embedded
software directly in target hardware. Test data automatically
annotates original design for complete traceability.

Cadre’s Software Analysis Workstation, or SAW, measures
execution and performance of embedded software. PathMap,
Cadre’s Run-time Reverse Engineering tool, creates design-
level Structure Charts from actual code executing in target
hardware. PROBE in-circuit emulators allow software engineers
to operate from their own workstation platforms.

Unified CASE

Ongoing Product Support

The Unified CASE product family includes Cadre’s respon-
sive customer service, specialized training programs, con-
sulting services, and ongoing product enhancements. How
can Unified CASE improve your products? To find out

Call (401) 351-CASE

When critical systems need to be developed, project leaders
call for Unified CASE solutions. Available only from Cadre.

Cadre Technologies Inc.
222 Richmond Street, Providence, RI
02903 U.S.A. (401) 351-2273

Winning teams depend on us.

logies Inc. Teamwork is a registered trademark of Cadre Technologies Inc. ADAS is a trademark of the Research Triangle Institute. ~ Circle Reader Action No. 424
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3400

PRESSURE ACQUISITION THAT UNLEASHES
THE POWER OF PARALLEL PROCESSING!

B All Media Pressure Modular Design - With a fully configured system
Each microprocessor is you achieve pressure
7 Ar?a'log iy it housed in a modular Input acquisition at 400,000 MPS
Digital Inputs Unit dedicated to a specific with .05% accuracy!
B Host Startup Software & measurement function. Other Input Units offer analog,
Support Functions include data frequency, and digital
acquisition and programmable capability for temperature,
ystem 8400 represents a pressure calibration of our flow, and force measurement.
unique approach to data entire line of electronic

IEEE-488 Compatibility
The industry standard IEEE-
488 bus is used to transfer time
correlated data packets, in raw
or reduced formats, at 300,000
bytes per second.

acquisition. pressure scanners.

By dedicating one micro- -
processor to each physical ‘
parameter, you can acquire and
reduce data from a variety of
input signals simultaneously!

VME Architecture

Our system is designed around
the VME bus using the power-
ful 68020 32-bit micro-
processor. The 68020 performs
data reduction and interfaces
up to 64 high speed 8-bit
microprocessors to your host
computer.

Our realtime multi-tasking
operating system and startup
software packages for

IBM PC, DEC ,
or HP computers 800 |

minimize your |
software |
development. !

il Procrmony
Prrma dcxmiten e

#

Parallel procissir;g achieves — ==
sk et Call 1-800-678-SCAN

for a demonstration or color brochure.
* PRESSL/ RE SYSTEMS Circle Rea_der Action No. 381

34 Research Drive, Hampton, VA 23666 ® (804) 865-1243 ® Telex 901406 ® FAX (804) 766-2644
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While the U.S. Navy's Nucdear Submarine
Fleet protecis our country, products

from | I
Rroted e fent. -

Our high-nickel marine alloys have protected the U.S.
submarine fleet since the day the first periscope went up.
Since then, with the development of the nuclear navy,
our involvement has grown dramatically. Here our alloys
are specified for critical components throughout the




structure and propulsion systems. Our MONEL and
INCONEL alloys and related welding products provide
the first line of defense against corrosion and high
temperatures.

Today, in the Trident group of nuclear submarines,
there's a new pride of the fleet. This latest addition,
joining the fleet this fall, is also the pride of our entire
company — the USS West Virginia (SSBN 736), named
after our home state. Tons of materials from Inco Alloys
International are aboard to provide the best in resistance
to heat and corrosion for a continuing victory at sea.

As the number one nickel alloy supplier to the U.S.
Nuclear Submarine Program, we proudly welcome the
USS West Virginia to a successful tour in the Navy. For
more information, write Inco Alloys International, Inc.,
Huntington, West Virginia 25720. FAX (304) 526-5441.

INCONEL AND MONEL are trademarks of the Inco family of companies.

INCO ALLOYS
INTERNATIONAL

Circle Reader Action No. 569
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DADiSP. The Big Picture in
Signal Processing

DADIiSP — interactive graphics and data analysis soft- Flexible, expandable, customizable — annotate your
ware for scientists and engineers. DADiSP 2.0 delivers graphs and send them to printers, plotters, or publishing
unprecedented power, through easy-to-use menus. Choose packages. Create your own macros, automate routine
from hundreds of analysis functions and graphic views — tasks, and run any program written in any language from
from tables to 3-D. Simultaneously display ol within DADiSP. DADIiSP even lets you build

multiple windows, each with different data or
analyses, for unlimited perspective on your
toughest data analysis problems.

Build your own analysis worksheets —
build and display an entire signal processing
chain, without programming. And DADiSP’s
powerful graphic spreadsheet automati-

cally recalculates and updates the entire
chain if you change your data or a

processing step.

your own menus.

A proven standard — already used by

thousands of engineers and scientists world-

wide, in a whole range of applications like

medical research, chemistry, vibration
analysis, communications, manufacturing
quality control, test & measurement, and
more. DADiSP supports the IBM PC
and PS/2, SUN, DEC VAX, HP 9000 and
Concurrent families of personal computers

Do serious signal processing...the way and workstations.

you always pictured it! FFTs, digital filter GET THE PICTURE!

design, convolutions, waterfall plots, and more CALL TODAY 617-577-1133

— all at the press of a key. Ask for our Evaluation Disk. For more

Let your instruments do the talking — use DADiSP- information, write to DSP Development Corporation,

488 to bring data from your instruments directly into a One Kendall Square, Cambridge, MA 02139,

DADIiSP window for immediate viewing and analysis. or FAX: 617-577-8211.

DSP

Development
Corporation

Australia-Interworld Electronics, 03 521-2952; England-Adept Scientific, (0462) 683355; Biosoft, (0223) 68622; Finiand-Turion, 0-372-144;
France-SM2I, (1) 34810178; Sacasa, 69077802; West Germany-Datalog, (02166) 46082; Stemmer Electronik, 089-809 02-0; Israel-Racom Electronics,
03-491-922; Italy-BPS Computers, (02) 61290221; Japan-Astrodesign, 044-751-1011; Netherlands-Computer Engineering Roosendaal, 01650-57417;

New Zealand-GTS Engineering, (09) 392 464; Sweden-Systek, 013 110140; Switzerland-Urech & Harr AG, 61 611325; Taiwan-Advantech, 2-351-2117

Circle Reader Action No. 652



New Product ideas

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 18). NASA’s patent-licensing
commercial applications. Each is ther technical information by re- program to encourage commer-
discussed further on the questing the TSP referenced at cial development is described on
referenced page in the appro- the end of the fuil- page 18.

Tool Distributes
Clamping Load

A tool distributes a clamping load stably
and fairly evenly among five clamping feet.
The tool was designed to stabilize and

even out the pressure applied to foam
pads during bonding and can also be used
in other situations where it is necessary to
maintain fairly even clamping loads during
fabrication processes. (See page 64).

[l

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

...X Windows capability within a Microsoft® Windows environment,
...system responsiveness comparable to expensive workstations,

...and the freedom to switch display monitors to suit your application

lntegrated
b ___ Inference
——=— == Machines

X11/AT is a trademark of ln(eorated ln!erence Machines, |nc !468 E. Katella Avenue, Anaheim, CA 92805.
286 and 386 are trademark of Microsoft Corporation.
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Robotic Target-
Tracking Subsystem

A robotic vision subsystem measures
the relative position and orientation of a
specially designed target. The subsystem
could be useful in industrial assembly op-
erations that require automatic joining of
parts that are initially oriented and moving
randomly. (See page 36).

Improved Transparent
Furnace for Crystal-
Growth Experiments

A very uniform coil spacing assures
better visibility and control of condi-
tions in an improved transparent fur-
nace used for crystal-growth ex-
periments. The furnace features slotted
quartz spacer rods used to hold the
heating coil accurately on the inside of
a quartz tube. (See page 68).

Making a Noble-Metal-on-
Metal-Oxide Catalyst

A two-step process prepares a
platinum- or palladium-on-tin-oxide cat-
alyst for the recombination of CO and O,
decomposition products that occur in the
high-voltage discharge region of a closed-
cycle CO, laser. This process is also ap-
plicable to other noble-metal/metal-oxide
combinations. (See page 52).

Multihole Arc-
Welding Orifice

A modified orifice for variable-polarity
plasma-arc welding directs the welding
plume so that it creates clean, even welds
on aluminum alloys. The orifice includes
eight holes to relieve the back pressure in
the plasma.(See page 73).

Cooling Shelf for
Electronic Equipment

A system-uses heat-pipe action to cool
and maintain electronics at nearly con-
stant temperature in spacecraft. Besides
its use in aerospace applications, this
technology is potentially useful in freeze
drying, refrigeration, and air conditioning.
(See page 59).

NASA Tech Briefs, November 1989



ALCATEL TODAY

Specify Alcatel oil-free vacuum technology
and benefit from the innovation,
engineering expertise, and resources
of a multi-billion dollar leader

in advanced technologies.

Alcatel is internationally recognized for pre-
eminence in digital telecommunications,
engineering achievements in transportation,
and vacuum technology. The new Alcatel DRYTEL
vacuum pumping systems reflect these
innovative technologies, providing oil-free
evacuation from atmosphere to 10-¢ mbar
ultimate vacuum. Two models are available:
DRYTEL 30 with 16 cfm and DRYTEL 100
with 57 ¢fm pumping speeds.

Developed and manufactured by Alsthom, a unit of
the CGE Group, Alcatel’s parent company, these
186 mph (300 kmh), TGV trains have been in reliable,
daily service for over a decade. Photo courtesy of the
French National Railway.

No danger of oil contami-
nation, even with a power
G failure, since DRYTEL
A pumping systems

: are totally oil-free.

Simple, single-switch
Compact, completely operation.
self contained, totally

field serviceable. Recommended for load

* <~ e
locks, cryopump regeneration, e
ion pump starting, UHV evacuation, .
mass spectroscopy, leak detection, X
and similar applications requiring ’ Clean efficient 10-¢
low ultimate pressure and ultimate vacuum high
clean oil-free pumping. throughput for all gases.
Worldwide sales Alcatel Vacuum Products, Inc.,
and service. Write 40 Pond Park Road,
or call for our A L C A T E L Hingham, MA 02043
catalog, 617-749-8710 (MA)
speciﬁcoﬁons Tel: 408-746-2947 (CA)
e | and prices. 609-596-3377 (NJ)
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The Flight Teler(
Tomorrow's Spay

merica’s first full-time con-

struction worker in space will

be a one-legged, two-armed
robot with “eyes” on its wrists.

Called the Flight Telerobotic Ser-
vicer (FTS), the six-foot-tall robot will
help astronauts build space station
Freedom in the mid-1990s. The FTS
will combine teleoperation — the use
of a human operator to direct the
machine — and autonomous capabil-
ities for performing tasks on its own
but under an astronaut’s supervision.

Martin Marietta Space Systems is
developing the FTS under a $303 mil-
lion contract from NASA’s Goddard
Space Flight Center. As part of the
development program, FTS mechan-
ical arms will be tested aboard the
space shuttle in 1991, followed by a
1993 demonstration flight of the pro-
totype robot. The final flight unit is
slated for launch on the second Free-
dom assembly mission.

According to Stephen Ducsai, Mar-
tin Marietta vice president for the
FTS project, the telerobot will have
five basic tasks in space station
work:

e assembling framework trusses;
e attaching adaptor plates to allow
power modules, pallets, and other ex-
ternal equipment to interface with
the station;

e mating thermal utility connectors
for heating and cooling of station
components;

The FTS will feature highly dexterous
arms for delicate maneuvers and
stereo cameras for vision. Its torso
will house a computer, power con-
verters, and data management and
communications equipment.

14

lllustration Courtesy NASA

e replacing run-down batteries and
power modules;

e installing the 50-foot-long panels
that comprise the orbiting facility’s
heat radiators.

“The FTS will enable astronauts to
direct routine assembly and mainte-
nance work without leaving the shut-
tle or space station,” said Ducsai,
“thereby increasing crew productiv-
ity and safety.”

Initially, the FTS will be carried to
and from work sites by the space
shuttle’s Remote Manipulator Sys-
tem (RMS). Once the early station as-
sembly flights are completed, the
Canadian Mobile Servicing System
(MSS) will assume this job. The FTS
will operate while attached to the
MSS mechanical arm, but will derive
additional stability by clamping its
leg to a handy portion of the station.
The telerobot will be able to handle
objects with masses up to 1200
pounds; larger masses will be moved
by the host transporter, with the FTS
aiding in final alignment and
positioning.

The Flight Telerobotic Servicer repairs
a component on the Freedom station
in this artist’s concept.

Both FTS manipulator arms will
have seven degrees of freedom, en-
abling the robot to reach around ob-
jects and perform delicate maneu-
vers. Connectors at the end of the
arms will accommodate a variety of
specialized tools, from wrenches to
grippers to screwdrivers. The robot
will change from one tool to another
automatically and perform extreme-
ly precise movements with those
tools, according to James Lowrie,
Martin Marietta’s chief engineer for
the FTS.

“The servicer will have only a five-
thousandths-of-an-inch variation in
repeatability,” he said. “In other
words, we can place the arm in one
position, then move it away and bring
it back to the same position with a
tolerance far smaller than a human
hair.”

In addition, the arm will be able
to use the tools to make adjust-
ments in increments as small as one-
thousandth of an inch.

NASA Tech Briefs, November 1989



Teaching The Machine To Think

At first, astronauts will operate the
FTS remotely from inside the shuttle
or space station, employing six-
degree-of-freedom hand controllers
to direct its movements while view-
ing video images of the work site cap-
tured by voice-controlled cameras at-
tached to the robot’s head and wrists.
The hand controls will be sensitive
enough to allow astronauts to feel
the amount of force the mechanical
arms are using. “In tests, operators
have actually been able to feel the
grain of a sheet of plywood when the
robot arm moves across it,” Lowrie
said.

Eventually, the goal is to use arti-
ficial intelligence (Al) computer pro-
gramming to enable the robot to
“think” its own way through complex
tasks after receiving a single com-
mand from an astronaut. These tasks
might include inspecting areas of the
station or replacing spacecraft parts.

“We’'ll need to teach the robot to
observe the work site and, through its
onboard computer, extrapolate what
it sees into a computer-aided design
model,” explained Lowrie. From
there, the Al program will enable the
robot to compare what it sees with
models already in the computer and
plan a sequence of operations to
complete a job.

Once this level of autonomy is
achieved, NASA plans to mount the
FTS on an Orbital Maneuvering Vehi-
cle that will travel to remote space-
craft in need of fuel or repairs. Ex-
plained Stanford Ollendorf, chief of
Goddard’s Telerobotic Engineering
Office: “The FTS would be able to
retrieve and service satellites such
as polar platforms which are cur-
rently beyond the reach of the space
shuttle, saving millions of dollars an-
nually.”

Flexible Space Systems

The FTS project is NASA’s re-
sponse to a mandate from congress
to advance the state of the art in ro-
botics. The congressional directive
resulted in the formation of the NASA
Advanced Technology Advisory Com-
mittee (ATAC), which concluded that
‘“akey element of technology for the
space station is extensive use of ad-
vanced general-purpose automation
and robotics.” This could lead to the
development of flexible and adapt-
able space systems, the ATAC ar-
gued, which would be important
for nurturing commercial space
applications.

NASA views the FTS as an essen-
tial step in creating more sophisticat-
ed autonomous robots that will sup-
port human exploration of Mars or
the construction of a lunar base in
the next century. “In addition to its
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role in assembling space station, the
(FTS) will serve as a space test bed
for new robotic and telepresence
technologies as they evolve,” said
Ollendorf. The FTS control system ar-
chitecture, called NASREM, allows
for incremental evolution as technol-
ogy advances. Developed at the
National Institute of Standards and
Technology, NASREM defines a set
of standard modules and interfaces
that can be implemented with many
different computer hardware and
software configurations. “This archi-
tecture will enhance our efforts to
standardize robot development,”
Ollendorf stated, “and will facilitate
technology transfer to industry.”

With NASREM, the FTS will
“create a kind of center of gravity for
the robotics industry,” said John
Oberright, FTS project manager at
Goddard. “To this point, the commu-
nication of design concepts within
industry has been helter-skelter be-
cause everyone uses different terms
to describe the same functions.
NASREM will establish a common
reference terminology for various
robot systems, so that people can
better communicate and work
together.”

Goddard’s High-Tech Test Bed

This summer, Goddard unveiled a
state-of-the-art space robotics facili-
ty which will be used to create, in-
tegrate, and test new technologies
for the FTS project. “The primary
function of the facility,” said Ollen-
dorf, “is to provide input to the FTS
contractor in areas of high risk, such
as controls and safety, thereby re-
ducing research and development
costs.”

The facility features a gantry ro-
bot 40 feet wide, 60 feet long, and 20
feet high capable of lifting up to two

S GANTRY ROBOT
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Martin Marietta’s James Lowrie (left)
discusses the design of an FTS ro-
bot “hand” with Ronald Browning,
Goddard’s deputy director for space
station.

tons of payload and applying 4000
foot-pounds of torque. Suspended
from one gantry mast is a set of six-
degree-of-freedom industrial arms
which serves as an FTS operational
simulator. A second mast carries a
grapple to emulate the Remote Ma-
nipulator System. Goddard’s robotics
team uses these devices to study
tasks such as robotic removal of
an Orbital Replacement Unit (a ge-
neric housing for space station ex-
periments) and assembly of large
instruments.

Next to the gantry is a mockup of
the shuttle’s aft flight deck contain-
ing an operator workstation for
remote control of the mechanical
arms. The mockup will help research-
ers determine the best positioning of
hand controllers and displays in the
confined space of the shuttle.

Goddard has developed a unique
computer graphics system for the
test facility that simulates each
movement a robot would make in
space. “It helps us determine things

lllustration of Goddard’s new space
robotics facility

15




Goddard researcher uses force-
reflecting hand controllers to
manipulate robot arms. Forces and
torques sensed at the slave
manipulator are fed back to the
master hand controller and felt by the
operator.

like the robot’s reach capability and
provides valuable information on col-
lision avoidance,” explained David
Provost, who heads Goddard’s Ro-
botics Data Systems and Integration
Section. The system, dubbed the
Graphic Robot Simulator, can be con-
figured to allow the teleoperator to
drive a computer model of the slave
arms using the actual master arms.
This approach offers a quick and safe
means to test new control strategies
or watch task sets being completed.
Upon completion of a successful
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scenario, commands can be down-
loaded to the robot to perform the
task autonomously.

“The simulator reduces construc-
tion costs considerably for space-
craft and instrument subsystems,”
said Provost, “and makes results
available in a much shorter time.”

The new facility also contains a
pair of teleoperated seven-degree-of-
freedom manipulators for studying
control methods, end-effector de-
signs, safety systems, and sensor
technologies. In one experiment,
Goddard engineers are growing a
sensor-lined skin for the robotic arms
that will enable an operator to deter-
mine the robot’s proximity to other
objects. Another effort focuses on
developing a multi-level, computer-
ized safety system for telerobotic
control. The primary level, known as
the Watchdog Safety System, moni-
tors robot joint positions, motor cur-
rents, and joint torques to ensure that
these readings are within safe limits.
If the preprogrammed limit is exceed-
ed, the computer will shut the robot
down.

Meanwhile, a higher level “expert”
system watches over each step of the
task, making sure proper procedures
are followed. If the operator skips a
step, a synthesized voice will advise
him to stop and analyze the situation.

“Over the coming years we’ll grad-
ually be adding more artificial in-
telligence into the robot system,”
Provost said. “We're working towards
the creation of a truly autonomous
robot, one that will pick up a tool on
its own and know where to go and
what to do to fix a spacecraft part.
But that’s the future; right now our
main concern is getting the tele-
operated FTS ready to fly.” [J

The FTS will be transported by the
manipulator arm on the Canadian Mo-
bile Servicing System, which will be
mounted on the space station’s truss-
work.

lllustration courtesy NASA
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HOW YOU CAN BENEFIT
FROM NASA's

TECHNOLOGY
UTILIZATION

If you're aregular reader of TECH BRIEFS, then you're already
mdtlnp use of one of the low-and no-cost services provided by
NASA's Technology Utilization (TU) Network. But a TECH
BRIEFS subscri represents only a fraction of the technical
information 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 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.

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

Aerospace Research
Applications
Center (ARAC)

Indianapolis Center for Advanced

Research
611 N. Capitol Avenue
Indianapolis, IN 46204

Dr. F. Timothy Janis, Director

(317) 262-5036

Central Industrial Applications

Center/NASA (CIAC)
Rural Enterprises, Inc.
P.O. Box 1335

Durant, OK 74702
Dickie Deel, Director
(405) 924-5094

North Carolina Sclence and
Technology Research Center

(NC/STRC)
Post Office Box 12235

If you represent a public sector organization with a particular need, you can contact NASA’s Application Team for technology matching and problem solving
assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and
solve critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P. 0. Box 12194, Research Trlangle

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

(919) 549-0671

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

Dr. Paul A. McWilliams,

Exec. Director

(412) 648-7000
NASA/Southern Technology
Applications Center

Box 24

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

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

NASA/UK Technology
Applications Program
University of Kentucky

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

NERAC, Inc.

One Technology Drive
Tolland, CT 06084

Dr. Daniel U. Wilde, President

NASA Industrial Applications
Center

University of Southern California
Research Annex

3716 South Hope Street

Los Angeles, CA 90007-4344
Robert Stark, Director

(213) 743-6132

(800) 842-2872 (CA only)

(800) 872-7477 (toll-free US)
NASA/SU Industrial Applications

(203) 872-7000 Center
Technology Application Center Southern University Department
(TAC) of Computer Science

P.O. Box 9737
Baton Rouge, LA 70813-9737
Dr. John Hubbell, Director

University of New Mexico
Albuquerque, NM 87131

(800) 354-4832 (FL only)

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

Park, NC 27709. Dorls Rouse, Director, (919) 541-6980

Dr. Stanley A. Morain, Director

(505) 277-3622

(504) 771-6272

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

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

at the end of the Tech Brief.

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

Patent Counsel:

Darrell G. Brekke

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

Lewis Research Center
Technology Utilization
Officer: Harvey
Schwartz (acting)

Mail Stop 7-3

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

Patent Counsel:

Gene E. Shook

Mail Code 301-6

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

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

Code GA-00

Stennis Space Center,
MS 39529

(601) 688-1929

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

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

Patent Counsel:
James O. Harrell

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

Langley Research Ctr.

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

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

Technology Utilization
Officer: Donald S.
Friedman

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

Patent Counsel:

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

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

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

Patent Counsel:

Paul F. McCaul

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

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

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

Marshall Space Flight
Center,

AL 35812

(205) 544-2223

Fax (205) 544-3151
Patent Counsel:

Bill Sheehan

Mail Code CCO1
Marshall Space Flight
Center,

AL 35812

(205) 544-0021

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

Patent Counsel:
Edward K. Fein

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

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

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

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

542-3265

If You Have aQuestion. . . NASA Scientific & Technical Infor-
mation Facility can answer questions about NASA’s Technology
Utilization Network and its services and documents. The STl staff sup-
plies documents and provides referrals. Call, write or use the feedback
card in this issue to contact: NASA Sclentific 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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Flight Telerobotic Servicer

SCHAEFFER

WORLD'S MOST EXPERIENCED SOURCE
FOR SPACEFLIGHT ELECTRIC MOTORS
ACTUATION COMPONENTS AND SYSTEMS

NASA's Flight Telerobotic
Servicer will be one of the
most sophisticated
spaceflight tools ever made.
On the cutting edge of
robotics technology, FTS will
perform a variety of tasks in
space.

It can be used in adjusting
and replacing components in
space vehicles while they are
in orbit.

FTS will help astronauts to
assemble and maintain Space
Station Freedom.

To perform such complex
motions each telerobot
depends on 19 Schaeffer
Magnetics joint actuators.

Schaeffer was selected by
Martin Marietta to supply
the FTS actuators because of
Schaeffer's record of
exceptionally high product

THE
DRIVING FORCE

IN SPACEFLIGHT

ROBOTICS

Schaeffer's remarkable
23-year history is
underscored by literally
hundreds of successful space
applications.

There are 57 Schaeffer
actuators in a variety of
applications on the Hubble
Space Telescope alone.

A lot more can be said about
Schaeffer — flying the first
actuators out of our solar

PRIty PN N ] R [ N N oy a ™~

TDRSS antenna gimbal
drives, exclusive use on
Viking Mars life science
instruments, the Voyager
visits to Neptune, Uranus,
Jupiter and Saturn as well as
numerous other planetary
explorations.

Schaeffer is, by far, the
world's most experienced
source for spaceflight
motors, actuation components
and systems.

An unparalleled record of
mission success.

Clearly...those who
know SCHAEFFER
prefer SCHAEFFER

004 ssumereen o

9175 Deering Avenue
Chatsworth, CA 91311-5897
Telephone (818) 341-5156
TWX: 910-494-4777
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Electronic Rotator for Sheet of Laser Light

vi

Langley Research Center, Hampton, Virginia

The primary flow-visualization systemin
the Basic Aerodynamic Research Tunnel
(BART) at NASA Langley Research Center
is a sheet of laser light generated by a 5-W
argon-ion laser and a two-axis mirror gal-
vanometer scanner. The system generates
single and multiple sheets of light, which
can remain stationary or be driven to
sweep out a volume.

A feature not directly achievable with
the original version of this system was the
ability to rotate a single sheet of light
through 360°. Several schemes to ac-
complish this rotation were investigated
and ruled out as too complex or time con-

suming. However, the use of a sine/cosine
potentiometer — an approach based on
technology developed in the early 1940’s to
generate plan-position-indicator (PPI) dis-
plays for radar systems — yielded the de-
sired result at reasonable cost and was in-
corporated into a prototype in 1 day.
Figure 1 is a simplified layout of the
BART two-axis laser-light-sheet system. Ifa
sinusoidal waveform s applied tothe Y gal-
vanometer, a vertical (8 = 0°) sheet of light
is formed as the laser beam is repeatedly
scanned through a vertical arc. If the sine
wave is applied only to the X galvanome-
ter, a horizontal (8 = 90°) sheet of light is

X-Axis
Mirrored
Galvanometer

5-W Argon-lon Laser

Y-Axis
Mirrored
Galvanometer

Figure 1. Two Mirrored Galvanometers and an Argon-lon Laser generate sheets of laser

light.
10K NN
e Adder/
1 Inverter
X
Sine Output
+15V
10K
Offset Cosine Output
Adjustment
-15V

Figure 2. The Sheet of Light Is Rotated by use of the sine/cosine potentiometer and inverting

circuitry.
20

A sine/cosine potentiometer is used to orient two galvanometer/mirror devices simultaneously.

formed. To generate a sheet of light at any
angle 6, the X galvanometer should be fed
a signal equal to the input sine wave times
sin 6, and the Y galvanometer should be
fed a signal equal to the input sine wave
times cos 6. In practice, the input is a
sawtooth or triangular waveform instead of
a sine wave. The use of linear waveforms
yields a fanned beam of uniform intensity,
whereas a sinusoidal waveform produces
a sheet of light that is brighter at the edges
than at the center, following the probability
distribution of the input signal.

The schematic diagram of the electron-
ics used to rotate the light sheet is shown in
Figure 2. The input waveform is combined
with a buffered variable offset and inverted
with amplifier U,. Amplifier U, is a high-im-
pedance, unity-gain buffer. Amplifier U, is
another unity-gain inverter and is used to
generate a negative replica of the output of
U,. The outputs of U, and U, are fed to the
+ and — end contacts of the sine/cosine
potentiometer. Since the + and — signals
are of the same shape but opposite in po-
larity, the center taps are at O V and are
connected to ground. The sine and cosine
outputs are buffered with high-impedance,
unity-gain amplifiers U, and Ug. The buff-
ered outputs are connected to the Xand Y
galvanometer drivers.

The prototype was tested by substituting
the X and Y inputs of an oscilloscope for
the galvanometers. If the oscilloscope is
left connected to the X and Y outputs while
the galvanometers are connected, the os-
cilloscope can be used to monitor remotely
the position of the sheet of light in real time.
Subsequent testing was performed, and
the completed unit is in full operation at the
BART facility.

This work was done by John M. Franke,
David B. Rhodes, Bradley D. Leighty, and
Stephen B. Jones of Langley Research
Center. No further documentation is avail-
able.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Langley Research Center [see
page 18]. Refer to LAR-13836
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A Tool For The Left Brain

-or every concept that works, many
ithers fail. That's creative concept
levelopment. Until now, the only way
ou isolated the best concept, was to
levelop, model or prototype all of them.
‘hat cost can cripple your concept’s
success and restrict your company’s
erformance.

GRIP™ CAD/Simulation Software is a
etter idea for idea development . .. A
ool that simulates your concepts on a
raphics screen in full 3-D smooth
shaded animation. The act of creation is
ast, allowing you the leisure to develop
nultitudes of graphically animated pro-
otypes for evaluation. If you can imag-
ne it, IGRIP can simulate it.

GRIP can design and simulate any
levice, even complex anthropomorphic
nodels. It can assemble and verify static
ind dynamic forms and functions, and
wven detect collisions in real time. Part
hanges, modifications and updates
:an also be quickly redesigned and
mmediately proved-out. In fact, the
same software can be used for off-line
ystem programming in manufacturing
nvironments.

IGRIP is a versatile, creative tool for the
left brain, but programmed for the real
world. The software is simple to use and
logical. It can communicate with other
data bases, and is user configurable.
Your engineers need IGRIP, so does your
budget.

New concepts start somewhere. Some-
times, even with a phone call:
(313) 689-7763

IGRIP Simulation/Animation Software
Lets Your Concepts Take Off

B Most user friendly and interactive
software on the market. You can con-
figure it to your needs, goals and un-
derstanding.

B 3-D smooth shaded animation of mul-

tiple, concurrently operated devices.

B It allows you to create articulated
devices with unlimited degrees of
freedom that you can jog by links or
move with specific, generic or user
developed kinematics.

B High level IGRIP/GSL™ language
features: Device choreography, dis-
play mode and view point control, bi-
directional external process commu-
nication, and inter-device 1/0 com-
munication. (Perfect for Telero-
botics)

Automatic and exact collision and
near miss detection doesn't take
minutes. Simulation on screeninreal
time.

Complete Dynamic Viewing: User de-
finable viewpoint selection including
our unique viewpoint attachment to
moving objects.

Elegant CAD package completely in-
tegrated with the simulation system.
Allows automatic updating of part
and multiple part revisions, bundled
with other smart CAD operators.
Allows data conversions with other
CAD formats, ie., IGES, MOVIE.BYU,
CATIA, Wavefront Technologies or
custom translators.

Produces Key Frame files for anima-
tion renderers. (Motion scripting)
Video synchronization utility for final
production.

Deneb Robotics, Inc.
LEADING THE EDGE

A 1120 E. Long Lake Rd. Ste. 200
Troy, MI 48098-4960

(313) 689-7763
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Biomedical Telectrodes

Lyndon B. Johnson Space Center, Houston, Texas

Biomedical telectrodes have been pro-
posed for the transmission of physiological
measurements to monitoring equipment. A
biomedical telectrode would be a small
electronic package containing a sensing
device — for example, a pair of electrodes
in contact with the body, a single electrode
with terminals for wire connections to elec-
trodes elsewhere on the body, or a ther-
mometer. The package (see Figure 1)
would also contain signal-conditioning cir-
cuitry to process the signals picked up by
the sensing devices, a small radio transmit-
ter, and a small battery. The design of the
biomedical telectrode would take advant-
age of the recent advances in the fabrica-
tion of integrated circuits and the technolo-
gies of batteries and sensors.

1% in.
l 3 Typical l

Battery Electrode

Signal Layer

Conditioner

Gooey
Electrolyte

Figure 1. A Biomedical Telectrode would be
a small electronic package that could be at-
tached to the patient in a manner similar to
that of a small adhesive bandage.

The principal advantages of biomedical
telectrodes are that they would be relative-
ly unobtrusive and that they would allow
the patient (or animal subject under inves-
tigation) to move freely, without risk of
entanglement in wires connected to mon-
itoring equipment, and without fear of ac-
cidental disconnection of wires. These
features would be especially beneficial to
patients undergoing electrocardiographic
monitoring in intensive-care units in hospi-
tals; they would eliminate the accidental
disconnections that occur when patients
roll over wire electrode connections and
pull them out while sleeping. They would
also eliminate the nuisance of coping with
wire connections while dressing and going
to the toilet.

The design of the signal-conditioning in-
tegrated circuit in a biomedical telectrode
would depend on the signal to be meas-
ured. The power supply would be designed
so that the device would not be activated
until attached to the patient and would be
deactivated when detached. The telec-
trode would transmit at a fixed frequency. If
a set of telectrodes were to be used on a
patient, each would transmit at a different
frequency. A label on the telectrode pack-
age would state the type of internal cir-
cuitry (or the type of signal to be sensed
and transmitted) and the frequency of the
transmitter.

This work was done by C. K. Shepherd
of Lockheed Engineering and Sciences

' Compact transmitters would eliminate the need for wires to monitors.

Co. for Johnson Space Center. For fur-
ther information, Circle 29 on the TSP Re-
quest Card.
MSC-21501

Biomedical
Telectrodes

Figure 2. A Patient Wearing Biomedical Tel-
ectrodes could move freely, without risk of
breaking or entangling wire connections.

Variable-Resistivity Material for Memory Circuits

J

Nonvolatile memory elements can be packed densely.

NASA's Jet Propulsion Laboratory, Pasadena, California

Electrically-erasable, programmable,
read-only memory matrices can be made
with a newly-synthesized organic material
of variable electrical resistivity. The materi-
al — polypyrrole doped with tetracyano-
quinhydrone (TCNQ) — changes reversibly
between an insulating or higher-resistivity
(“off” or “zero”) state and a conducting or
low-resistivity (“on” or “one”) state. The ma-
trix circuits made with this material are use-
ful for experiments in associative electronic
memories based on models of neural net-
works.

Each memory cell is a variably resistive
connection in the small portion of the film
at the intersection of a row conductor and
a column conductor (see figure). To “read”
the contents of a memory cell —that is, to
sense the resistance at an intersection, a
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potential of typically 5 V is applied across
the intersection via the row and column
conductors. This can be done, for exam-
ple, by leaving the row conductor at ground
potential and applying +5Vor —5Vtothe
column conductor, or vice versa.

Because neutral polypyrrole forms com-
plexes spontaneously with TCNQ, the ener-
gy involved in the transition between con-
ductor and insulator is very small. The
transition is due to the migration of elec-
trons between the polypyrrole and the
TCNQ in response to the applied voltage.
To “write” or “erase” the contents of a
cell — that is, to change the resistance at
an intersection — a potential twice that of
the reading potential is applied; for exam-
ple, by applying +5 V to the row conduc-
tor and —5 Vto the column conductor. The

opposite change of resistance — that is,
the reverse of the previous “erasing” or
“writing” operation — is effected by the
application of the reverse of the writing
voltages.

To begin fabrication, a parallel set of row
or column conductors is laid down on an in-
sulating substrate, possibly by electrode-
position. The conductors are preferably
gold, platinum, glassy carbon, or other pas-
sive material. An electrochemical cell is pre-
pared with a solution of pyrrole monomer in
a solvent of acetonitrile with an electrolyte
of tetrabutylammonium perchlorate. The
substrate and conductors are inserted in
the solution, and a positive voltage is ap-
plied to them with respect to another elec-
trode in the solution. This causes the pyr-
role to polymerize and deposit onto the
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GV88 LONG TRAVEL
LINEAR POSITIONER

Klinger Scientific Corporation's
GV88 long travel linear positioning
system is available in single axis X,
XY or XYZ configurations. The
system's modular design offers
horizontal or vertical mounting,
and a wide selection of standard
options such as sway bars, counter-
weight assemblies, reinforced rails,
or extended carriages. Step sizes
are available in either English or
metric units.

DC MOTOR DRIVEN
MINI POSITIONER

Klinger Scientific Corporation
has added its new and improved
Miniature Motorized Linear Stage
to its already impressive line of
high-precision micropositioning
equipment.

The new mini-stage features
trajectory accuracy and high
performance in a compact design.
The DC motor and lead screw are
internally mounted within the body
of the stage, making this new
device ideal for space limited
applications. The mini-stage offers
a 12 V DC motor drive to provide a
travel range of 8mm with load
carrying capacity to 10 Ibs. and a
maximum speed of 200 microns per
second. An internally mounted
optical encoder provides position
feedback.

The modular design allows
these stages to be mounted in X,
XY or XYZ configurations, making
this new device a cost-effective
solution to a multitude of

positioning problems in the fields
of fiber optics, alignment and test,
solid state laser systems, bio-
medical and OEM applications.

Delivery is four weeks after
receipt of order. For additional
information, contact Klinger
Scientific Corp., 999 Stewart
Avenue, Garden City, New York
11530. (516) 745-6800.

The system offers travel ranges
from 10 to 60 inches in length, with
resolutions from 0.0005 to 0.005
inches and speeds up to 20
inches/second. The GV88 provides
cost effective solutions to complex
problems encountered in auto-
mated production, non-contact
inspection, non-destructive testing
and a host of other technologies.

Prices start at $4,500.00.
Delivery is 4-6 weeks after receipt
of order.

For additional information,
contact Klinger Scientific Cor-

poration, 999 Stewart Avenue,
Garden City, New York 11530.
(516) 745-6800.

The advantages of our X95
Modular Support System
are multi-dimensional.

The X95 can be assembled and reassembled—by Klinger or you—
into a variety of multi-dimensional structures quickly and easily.

It's also low cost, lightweight and features ex-
tremely high rigidity. Constructed of extruded
aluminum reinforced beams, and available
in any length up to 4.5 meters, the X95

fits together like a simple erector set.
And is available with a wide selection
of clamping and sliding carriages to
attach accessories. Contact Klinger
Scientific Corporation, 999 Stewart
Avenue, Garden City, NY 11530.
(516) 745-6800

“KLNGR

U.S.A. Headquarters: 999 Stewart Avenue,
Garden City, NY 11530 (516) 745-6800.

In California: (415) 969-0247.

In Canada: Longueuil, Quebec (514) 442-4666.

Worldwide distribution network: Contact Micro-Controle,
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conductors and substrate.

The electrolyte gives rise to an unde-
sirable negative doping. Therefore, after
deposition, the polarity of the electrochem-
ical cell must be reversed long enough to
remove the dopant. Next, a lithium salt of
TCNQ is added to a new batch of acetoni-
trile solvent and 0 to 0.1 V applied to the
conductors to obtain the desired amount of
doping with TCNQ. The greater the density
of the TCNQ dopant, the lower the electri-
cal resistance in the “on” state.

Preliminary tests reveal a change in the
resistance of a memory cell from about
10'2Q in the “off" state to about 107 Q in
the “on"” state — a factor of 10—5. The
high resistance of the “on” state is desir-
able because it enables the use of a high
density of cells without excessive thermal
dissipation. Complete changes of state
have been accomplished with 100-ms
pulses, and response times may eventually
be reduced to a few milliseconds.

This work was done by Ganesan
Nagasubramanian, Salvador DiStefano,
and Jovan Moacanin of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 78 on the TSP
Request Card.

Switched

Column Conductors Volume

Insulating and
Sealing Layer

]

Substrate

Conductive
Polymer
(Switchable
Film)

A Thin Film of Conductive Polymer separates a layer of row conductors from a layer of col-
umn conductors. The resistivity of the film at each intersection and, therefore, the resis-
tance of the memory element defined by the row and column, can be increased or decreased
by the application of a suitable switching voltage.

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

Edward Ansell

Director of Patents and Licensing

Mail Stop 301-6

California Institute of Technology

1201 East California Boulevard

Pasadena, CA 91125
Refer to NPO-17425, volume and number
of this NASA Tech Briefs issue, and the
page number.

Electrodes for Alkali-Metal Thermoelectric Converters
A new design decreases cell impedance.

NASA's Jet Propulsion Laboratory, Pasadena, California

The combination of a thin, porous elec-
trode and an overlying collector grid reduc-
es the internal resistance of an alkali-metal
thermoelectric converter cell. Such con-
verters could be used to transform solar,
nuclear, and waste heat into electric
power. The low resistance of the new elec-
trode and grid boosts power density nearly
to 1 W/em? of electrode area at typical op-
erating temperatures of 1,000 to 1,300 K.

Thin molybdenum electrodes with fine
overlying current-collecting grids have
been operated at stable power densities of
0.5 Wicm?2. Impedance analyses of these
electrodes indicate that more substantial
improvements, to about 0.6 to 0.7 W/cm?,
can be achieved with finer grids, as in the
conceptual model described below. Power
densities above 0.5 W/cm?2 would lead to
alkali-metal thermoelectric-converter sys-
tem efficiencies of 20 or more percent.

The porous molybdenum electrode film
0.2 to 0.5 um thick is deposited on an alu-
mina tube substrate. On the film are photo-
lithographically-deposited parallel conduc-
tive strips, 0.004 cm wide and 0.04 cm
apart (see figure). A wire 0.05 cm in diame-
ter is wrapped around the tube in a helix of
0.23-cm pitch, in contact with the parallel
strips. A longitudinal molybdenum wire
0.127 cm in diameter is brazed to the heli-
cal wires, thus providing an electrical bus
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Molybdenum Bus Wire

Porous Molybdenum (0.127 cm Diameter)
Film Deposited

on Alumina Tube

.u--——"H‘ r SR = ) i ) : ‘

o :

0.23 cm

Helically Wrapped Wire
(0.05 cm Diameter)

Brazed
Grid Joint

Lines
DETAIL A

The Conductive Grid Encircles the electrode film on an alumina tube. A bus wire runs along
the tube to collect electrical current from the grid.
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for the grid formed by the strips and wires.
At maximum power the molybdenum film
electrode reduces the effective impe-
dance to the flow of sodium ions from the
former value of 0.5 ohm-cm? to the new
value of 0.1 ohm-cm2. The grid compen-
sates for the higher electrical sheet resis-
tance of the film, yielding a total effective
impedance for the cell of only 0.4 to 0.6
ohm-cm?2. The cell resistance could be re-
duced even further by the use of a thinner
electrode and finer grid elements, but the

electrode assembly would then be more
difficult to manufacture.

This work was done by Roger M.
Williams, Bob L. Wheeler, Barbara Jeffries-
Nakamura, James L. Lamb, C. Perry
Bankston, and Terry Cole of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 4 on the TSP Re-
quest Card.

In accordance with Public Law 96-517,
the contractor has elected to retain title to
this invention. Inquiries concerning rights

for its commercial use should be ad-
dressed to

Edward Ansell

Director of Patents and Licensing

Mail Stop 305-6

California Institute of Technology

1201 East California Boulevard

Pasadena, CA 91125
Refer to NPO-17159, volume and number
of this NASA Tech Briefs issue, and the
page number.

Alternating-Gradient Photodetector for Far Infrared
The dark current would be decreased and the photocurrent increased.

NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed detector of photons of
wavelengths in the range of 30 to 200 um
would be made of alternating layers of
lightly and heavily negatively doped ger-
manium. The layers would be formed in se-
quence by conventional chemical-vapor
deposition. The alternating-gradient struc-
ture would enhance the collection of
photogenerated charge carriers while sup-
pressing the dark current, thus achieving
high detectivity.

The heavily doped layers have animpur-
ity band that narrows the extrinsic energy
gap for response in the far-infrared range,
while the lightly doped layers block dark
current and support an electric field. In ger-
manium, an optimum energy gap can be
achieved only at moderately high doping,
but vanishes at the still higher concentra-
tions needed for good absorption of the far
infrared photons. Therefore, itis necessary
to increase the total thickness of the heavi-
ly doped layers to achieve good quantum
efficiency. This is possible with the alternat-
ing gradient structure, where a pervasive
electric field can be sustained across the
alternating lightly-doped blocking layers.
Charge carriers generated in a heavily
doped layer would diffuse to an adjacent
lightly doped layer where they would be ac-
celerated for collection.

As shown in the figure, the detector
would include a back metal contact, front
metal contacts, and extra-heavily-doped
germanium substrate and front-trans-
parent-contact layers. The alternating
structure in the middle would consist of N
heavily-doped (n*) germanium layers of
thickness a and N lightly-doped (n—) ger-
manium layers of thickness b.

Assuming that most of the absorption
takes place in the heavily doped layers, the
total absorption thickness would be Na and
should be at least as large as the photon-
absorption length, or at least 100 um. The
thickness, a, of each n* layer must be
small in comparison with the diffusion
length for conduction electrons and may
have an optimum value between 0.1 and
1.0 um. The concentration, n*, of dopant in
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the heavily doped layers would be about
3x10% cm—3, In the lightly doped layers,
the concentration n— would be about 1015
or less.

The voltage drop of about V/N in each
lightly doped blocking layer could be used
to control the level ofimpact ionization. The
spectral response of the detector would
depend on the concentrationn* and could
be tailored to specific applications. For ex-
ample, n* could be varied from layer to

layer or graded within each layer to obtain
flat, broadband response.

This work was done by Albert W.
Overhauser and Joseph Maserjian of Cal-
tech for NASA’s Jet Propulsion Labora-
tory. For further information, Circle 150 on
the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, NASA Resident Office-JPL [see
page 18].Refer to NPO-17235.

Front Metal Contacts

n+ + Transparent
Contact
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Concentration of Dopant

n—

Back Metal
Contact

I d lla'blalblalbl

N(a +Db)

CONCENTRATION OF DOPANT IN LAYERS

Alternating Layers of n* and n— germanium would provide high detectivity in the far-infrared
spectral region. It should also be possible to make similar structures with positive doping
and with such other semiconductors as silicon or gallium arsenide to obtain various spec-

tral responses.
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Hall-Effect Current Sensors for

Integrated Circuits

Built-in devices would measure direct or alternating currents.

NASA's Jet Propulsion Laboratory, Pasadena, California

Microscopic Hall-effect sensors may
eventually be built into integrated circuits
to control and measure electrical currents.
Preliminary design studies and experi-
ments with macroscopic commercial Hall-
effect sensors have been conducted to as-
sess the feasibility, limitations, and need for
further research and of this
concept. Potential applications include
programmable power supplies and protec-
tive circuitry.

The basic principle of Hall-effect current
sensing is well established. The Hall-effect
sensor measures the magnetic field at a
fixed position near a conductor, and the
known proportionality (a function of geom-
etry) between the magnetic field and the
current in the conductor is used to infer the
current. Although this basic principle is
straightforward and fairly simple to apply in
the case of large conductors carrying large
currents and spaced far apart, several ad-
ditional factors must be considered in
miniaturization.

To concentrate the magnetic field suffi-
ciently to obtain adequate sensor output,
the conductor has to be constricted near
the sensor, allowing the placement of the
sensor close to the centerline (see figure).
The length and width of the constriction
and the configuration of the conductor at
the approach to the constriction have to be
chosen not only to accommodate the sen-
sor but also to avoid excessive voltage
drop, dissipation of power, and heating. In
addition, the current density in the con-
striction must not be so high as to cause
diffusion of the conductor atoms.

A two-sensor, differential scheme is pre-
ferred because it can reduce the sensitivity
to the magnetic fields caused by currents

in other conductors, which one is not seek-
ing to measure. This, in turn, facilitates
miniaturization by permitting the closer
placement of conductors without exces-
sive degradation of accuracy in the meas-
urements. The differential scheme can
also suppress even-order nonlinearities
and thermal drifts in the individual sensors.

The maximum frequency at which accu-
rate measurements can be made depends
in part on the skin effect, which increasing-
ly affects the distribution of current in the
conductor as the frequency increases. An
order-of-magnitude calculation shows that
frequency distortion could be a significant
issue in large sensors but not in monolithic
sensors of currents of the order of 1 A.
Other issues to be considered in develop-
ment and design include the responses to
transient currents and the need for electro-
static shielding to reduce capacitive coupl-
ing of transient voltages to the sensors.

This work was done by Wally E. Rippel of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 98
on the TSP Request Card.

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

Edward Ansell

Director of Patents and Licensing

Mail Stop 305-6

California Institute of Technology

1201 East California Boulevard

Pasadena, CA 91125
Refer to NPO-17476, volume and number
of this NASA Tech Briefs issue, and the
page number.

Sensor 1

Sensor 2

Differential
Amplifier

O Output

Hall-Effect Sensors are placed near a constriction in a conductor strip. The differential con-
figuration reduces the effects of stray magnetic fields, nonlinearities, and changes in tem-

perature.
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N-Bit Binary Resistor

Binary resistors in series can be tailored to a precise value of resistance.

Langley Research Center, Hampton, Virginia

A multibit, binary-based, adjustable re-
sistor with high resolution can be used in e 2

1 t th -
many applications where precise resist- Oo—¢ + i 4 e
ance is required. The n-stage or n-bit resis-
tor network design is shown in the figure. If
R2 Rn-2

each resistor has a resistance twice that of Ro R R

the one on its immediate left, then : - <9
Ry = 2R,, The Desired Value of Resistance is obtained by cutting the appropriate traces across the re-
R, = 2R, = 4R,, ..., sistors.

and

Ro_1= 2Ry 5= (2"~Ry

The resistors Ry, Ry, ..., and R, _, are
tied together by traces ty, t, ..., and t, _,.

In the “uncut” form shown in the figure, the ®
total resistance between points 1and 2 ap- F R E E & F L Ex G
proaches 0; that is, R = 0. If trace tyis cut - '

or removed, then R = R, In similar fash- e ,

ion, if t, is removed, then R = R,. If tyand PI VOT

t, are both removed, then R = Ry+R, = ) m <

3R,. Since the resistances are binary
based, any resistance value between 0

gndn(12”— 1) Ry pzatn tbe achi!e:ved by rerlnoy- A The P|Vota|
ing the appropriate traces. For example, in '

a 10-bit network, to make R = 613R,, 5 Comp9ne_nt
traces ty, t,, ts, tg, and tyare removed to of |mag|nat|on
yield

R = (29+26425+22420)R, =
(512+64+32+4+1)R, = 613 R,

The configuration of this type of network
is not limited to the form shown. For exam-
ple, to minimize the overall physical size, a
circular configuration might be preferable.
This resistor network can be deposited on
a bondable foil. A 10-bit foil resistor net-
work that has a full-scale resistance on the
order of 1 ohm can be manufactured on a
V4-by ¥%-in. (6.35- by 3.2-mm)foil by existing
techniques. Larger full-scale resistance
networks also can be readily accommo-
dated by use of this concept.

This work was done by Ping Tcheng of
Langley Research Center. No further
documentation is available.

LAR-13709 The Free-Flex® Pivot gives you the design
solution to virtually any limited-angle,
rotary bearing problem. Your imagination
makes the possibilities endless.

For information on in-stock ("-1") and
Where can you find ;:‘us;mtril designs, co;\\tact: Flex I;Ivots
arketing + Lucas Aerospace Power
- ASt.ronallt Ice Cream? g Transmission Corporationp- 211 Seward
- Build-It-Yourself Spaceships? Avenue - PO Box 457 - Utica, New York
- Official NASA Patches? 13503 - 315/793-1200 + FAX 315/793-1415.

Only in the new gift catalog
from NASA Tech Briefs. Circle
Number 700 for your free

copy.

NASA Tech Briefs, November 1989 Circle Reader Action No. 302 29



Electronic Systems

Hardware, Techniques, and 36 Computational

40 Scanning Photoelectron-

Processes :rchitoe.t‘uro for Control of Emllsslon Inspection
emote Manipulator quipment

30 Decentralized Adaptive 36 Robotic Target-Tracking 42 Force-Feedback Cursor
Control for Robots Subsystem Control

32 Digital Integrate-and-Dump  3g |\ o ying Estimates of
Fiiter With Offset Sampling Phase Parameters When

34 Pulse Vector-Excitation Amplitude Fluctuates
Speech Encoder

Decentralized Adaptive Control for Robots
Precise knowledge of the dynamics would not be required.

NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed scheme for the control of a
multijointed robotic manipulator calls for an
independent control subsystem for each
joint, consisting of a proportionalfintegral/
derivative feedback controller and a posi-
tion/velocity/acceleration feedforward

controller, both with adjustable gains. The
independent joint controllers would com-
pensate for unpredictable effects (e.g., fric-
tion, variations in payload, and imprecise
knowledge of the dynamics of the manipu-
lator), gravitation, and dynamic coupling

fi(t)

&

érl : ki1(t)

gj1(t)

bf ————»  ajal)
agjolt)

& o

Brj | kjolt)

Manipulator Joint

Figure 1. The Adaptive Independent Controller of joint / would generate the torque T, that
would make the actual trajectory (§,8,,6) of this joint track the reference trajectory (6,,,9,,,9,,)
The kterms represent adjustable feedback gains; the g terms, adjustable feedforward gains.
These gains would be adjusted according to the adaptation law.

Position/Velocity/Acceleration

Feedforward

2
gio+ai13 +aizg?

Faedback

Orj

Proportional/lntegral/Derivative

Manipulator Joint

6

Figure 2. The Controller of Figure 1, with appropriate adaptive gains, can be represented as
the combination of a position/velocity/acceleration feedforward controller and a proportion-

allintegral/derivative feedback controller.
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between motions of joints, while forcing
the joints to track reference trajectories.
The scheme is amenable to parallel proc-
essing in a distributed computing system
wherein each joint would be controlled by a
relatively simple algorithm on a dedicated
(to read “torques”) microprocessor.

For the purpose of the scheme, it is con-
venient to view each joint as a subsystem
of the entire manipulator system. The sub-
systems are considered to be interconnect-
ed by disturbance torques that represent
the inertial coupling, Coriolis, centrifugal,
frictional, and gravitational effects. The
problem is to design the set of independent
joint controllers in which the jth controller
generates the joint torque T(t) (where t =
time) by responding only to the actual joint-
angle trajectory 6(t) and the reference
joint-angle trajectory 6 ) and makes 6,(t)
track 6,(t). The adaptive independent con-
troller dedicated to the ith joint would be
described by

THO) = £40+iol0e )+ ki (06/(0]
+[3;008,40) + G5 (08,(0) + G408 ()]

as shown in Figure 1, where eft) = 6,(f)—
6(t) is the position-tracking error of joint /.
The term £(f) represents an auxiliary signal
synthesized by the adaptation scheme to
improve the tracking performance and
partly compensate for the disturbance
torques. The term in the first set of brackets
represents the adaptive position/velocity
feedback controller with the adjustable
gains ki t) and k(f) acting on the position
and velocity tracking errors eff) and e,(t)
respectively. The term in the second set of
brackets represents the adaptive posi-
tion/velocity/acceleration feedforward
controller with the adjustable gains g1,
g0, and g,Jf) operating on the desired
position @ f(t) velocity 6,4t), and accel-
eration @, (t), respectively.

A theorem derived via the theory of
model-reference adaptive control provides
the necessary controller-adaptation law in
the form of specifications for the auxiliary
signal, feedback gain and feedforward
gain. The resulting independent-joint-con-
trol law can be expressed as that of the

NASA Tech Briefs, November 1989
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combination of the proportional/integral/
derivative feedback controller and the pro-
portional/derivative/second-derivative
feedforward controller illustrated in Figure
2.

The controller-adaptation laws are sim-
ple and involve only a few arithmetic opera-
tions. The proportional-plus-integral adap-
tation laws give a large family of adaptation

schemes, from which the most suitable
scheme for a particular application can be
selected. The use of proportional-plus-
integral adaptation laws yields improved
convergence and increased flexibility in
comparison to the conventional integral
adaptation laws.

This work was done by Homayoun Seraji
of Caltech for NASA’s Jet Propulsion

Laboratory. For further information, Circle
160n the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, NASA's Resident Office~JPL [see
page 18]. Refer to NPO-17542

Digital Integrate-and-Dump Filter With Offset Sampling

Detection of weak signals would be improved slightly.

NASA's Jet Propulsion Laboratory, Pasadena, California

A digital integrate-and-dump filter has
been proposed for the detection of weak
rectangular-pulse signals corrupted'by ad-
ditive white Gaussian noise. The theory of
the filter takes account of the degradation
of performance caused by offset sampling,
in which the beginning andlor end of the
sampling period differs from the desired
starting and/or stopping time, respectively,
of the integration.

An ideal, perfectly-synchronized inte-
grate-and-dump filter (IDF) is the optimum
matched filter for coherent detection of
rectangular-pulse signals corrupted by ad-
ditive white Gaussian noise (AWGN). In
practice, digital implementation of the IDF
has several advantages over its analog
counterpart, including the following:

* Ability to dump instantaneously with no
overshoot,

* Absence of drift from the quiescent oper-
ating point, and

* The use of advanced digital integrated cir-
cuits to perform multiplication and accu-
mulation with greater accuracy.

To prevent aliasing in the digital imple-
mentation, the input signal must be low-pass-
filtered prior to sampling. This prefiltering
degrades the performance of the receiver
by causing intersymbol interference and
limiting the bandwidth. The additional de-
gradation of performance caused by offset
sampling is negligible when the number of
samples per symbol is large but becomes
significant when that number is small. The
performance of the digital implementation
is evaluated as a function of the bandwidth,
sampling frequency, and offset by compar-
ison with the performance of an ideal, per-
fectly-synchronized analog implementa-
tion (see figure). (In the limit as the band-
width of the prefilter and, consequently, the
sampling rate approach infinity, the per-
formance of the digital IDF converges to
that of the ideal analog IDF.)

For the analysis, it is assumed that the
sampling clock runs freely in the sense that
it is not locked in phase to the symbol clock
(thus allowing offset). Nevertheless, for
most cases, perfect synchronization of
symbols is assumed in the sense that the
sampling frequency is an integral multiple
of the symbol frequency and the receiver
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has perfect knowledge of the beginning
and ending times of each symbol period.
Quantization noise in the sampler and in-
stability of the sampling clock are neglect-
ed

The performances of digital and ideal
analog IDF's were studied theoretically
and with the help of Monte Carlo simula-
tions. It was found that the digital IDF per-
forms within 0.6 dB of the ideal analog IDF
whenever the bandwidth of the prefilter ex-

ceeds four times the symbol rate and sam-
pling is at the Nyquist rate (twice the band-
width of the filter). If the sampling rate is
increased to twice the Nyquist rate, the
loss of performance can be reduced to 0.3
dB, of which 0.2 dB result from finite band-
width and 0.1 dB from the digital IDF.

This work was done by R. Sadrand W. J.
Hurd of Caltech for NASA’s Jet Propul-
sion Laboratory. For further information,
Circle 72 on the TSP Request Card.
NPO-17437
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1.19p = Time of propagation from
transmitter to receiver.

.T = Symbol period.

. Tg = Sampling period.

11 = Sampling offset.

r(t) = Received signal modulation

s(t) = Transmitted signal modulation.
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7.y(t) = Prefiltered signal modulation.
8.t = Time.
9.i and k are integers.
10. Ak = the sampled output of either
integrate-and-dump filter
from the kth integration period.

The Performances of Integrate-and-Dump Filters are analyzed by comparison of the digital
and the ideal analog versions. Transmitted and noiseless prefiltered waveforms are shown

to illustrate time relationships.
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Pulse Vector-Excitation Speech Encoder

The number of computations would be reduced substantially.
e e N S S S g R S g R | R S e e sy T DT e T s

NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed pulse vector-excitation
speech encoder (PVXC) would encode an-
alog speech signals into a digital represen-
tation for transmission or storage at rates
below 5 kilobits per second. PVXC would
produce a high quality of reconstructed
speech, but with much less computation
than is required by comparable speech-
encoding systems. PVXC has some of the
characteristics of multipulse linear predic-
tive coding (MPLPC) and of code-excited
linear prediction (CELP).

In the encoder (see figure) the input
speech is converted from sequences of 40
samples to 40-dimensional vectors s, with
4 vectors constituting a frame. Each s, is
preprocessed by passage through a per-
ceptual-weighting filter W(z) followed by
subtraction of the deterministic speach
component (synthesis filter zero input re-
sponse) from r, to generate the random
speech component z,,. Meanwhile, a set of
N pulse-like code vectors weighted by
gains G, is passed throug‘ a long-term
LPOsynfhe&s filter Hy(z) and a short-term
weighted LPC-synthesis filter H, (2) =
H{2)W2) to produce a set of N welghted

The variable gain G is selected to mini-
mize the mean- square error between z
andz,,. The perceptual-weighting filter W(z‘
shapes the spectrum of the error signal to
make it similar to that of s, thereby mask-
ing some of the distortion that would other-
wise be perceived by the listener.

An exhaustive search is performed to
find the excitation vector, ¢;, that mini-
mizes the Euclidean distortion [|&[|?
(where &; is the error vector) between .
andz;. Once the optimal ¢; is selected, an
excitation index (“code-book™ index) that
identifies it is transmitted to the remote sta-
tion, together with the associated gain. In
addition, the parameters of H,(z) and H(2)
are transmitted once per input speech
frame (after every fourth s ).

The complexity of the search through
the “code book™ is reduced by the use of
the random speech component z,,. The
elimination of the deterministic component
enables the initial memory values in ﬁs(z)
and H,(2) to be set to zero when synthesiz-
ing the z; vectors, without affecting the
choice of the optimal ¢;. Once the optimal
code vector is determined, the filter memo-

for use in encoding the subsequent vector.
This filter representation reduces the
amount of computation further by express-
ing the speech-synthesis operation effi-
ciently as a matrix-vector product and
leads to a centroid calculation for use in the
design of optimal “code books.” The selec-
tion of an optimal code vector in PVXC
should require 0.67 million multiplications
and additions per second — much fewer
than the 440 miillion required in CELP.

This work was done by Grant Davidson
and Allen Gersho of the University of Cali-
fornia for NASA’s Jet Propulsion Labo-
ratory. For further information, Circle 113
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 the commercial use of this invention
should be addressed to

The Regents of the University of

California

c/o Office of Research Administration

University of California

Santa Barbara, CA 93106
Refer to NPO-17131, volume and number
of this NASA Tech Briefs issue, and page
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The Vector-Excitation Speech-Encoding System uses a mathematical model of the vocal tract in conjunction with a set of excitation vectors
and a perceptually-based error criterion to synthesize natural-sounding speech.
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Computational Architecture for Control of Remote Manipulator
Synchronization is done by hardware to reduce the software overhead.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A computational architecture is guiding
the development of a distributed computing
system for the bilateral control of a robotic
remote manipulator. Bilateral control in-
volves master and slave arms. Information
from sensors on the slave arm is used to
back-drive the master am to give the hu-
man operator a sense of force and/or torque.
The kinematic and dynamic relationships
between the two arms are established by
the mathematical transformations com-
puted by the processors. Because the two
arms can be separated by a large dis-
tance, it is necessary to have two comput-
ing nodes: one at the master-armsiteinthe
control station and another at the remote
slave-arm site (see figure).

Such distributed computation requires a
tightly integrated computational architec-
ture within each computing node and be-
tween the two nodes. For this reason, a
multibus computing architecture was se-
lected. Multiple bus masters operatingin a
closely coupled environment enable shar-
ing of information from various sources
within a processing node. The ability to
share memory space makes it easy to syn-
chronize multiple processors to coordinate
control of the telerobot and associated
handling of sensor data in real time.

The principal method embodied in the ar-
chitecture is the use of fully synchronized,
interruption-driven software. Inasmuch as
one of the objectives of this development is
to use data-processing resources efficient-
ly, synchronization is done by the equip-
ment to reduce the sizes of computer pro-

MASTER-ARM (CONTROL) NODE SLAVE-ARM (REMOTE) NODE
SImulatl.on ot - 1 End |
Display Som Tranenc Effector
\ Video Cable I ) \ A
Computer- Processor for Processor for
Graphics Inverse Kinematics Inverse Kinematics
System of Master Arm of Slave Arm
A Communication A
Channel
3 A
Force-and- Processor for Processor for
Torque Forward Kinematic Forward Kinematics
Display of Master Arm of Slave Arm
\ A A
\ A
Control Subsystem Control Subsystem
for Force- and for Motors
Torque-Reflecting in Slave Arm
Motors in Master Arm
i Graphics
Generator

Computing Resources are located at both the master-arm node (control station) and the
slave-arm node (remote station). This architecture provides for effective control while reduc-
ing the computational burden on the host computer and reducing and balancing the load on

the communication channel.

grams. The architecture also balances the
load on the communication channel that
connects the two nodes.

This work was done by Zoltan F. Szakaly
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
13 on the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, NASA’s Resident Office-JPL [see
page 18]. Refer to NPO-17401

Robotic Target-Tracking Subsystem

The position and orientation of the target are measured in six degrees of freedom.

John F. Kennedy Space Center, Florida

A robotic vision subsystem measures
the relative position and orientation of a
specially designed target. The subsystem
uses standard image-processing algo-
rithms implemented directly in circuitry
instead of computer programs, which con-
sume more time. This feature makes it pos-
sible to extract complete sets of target-
tracking data from successive image frames
at the rate of 30 frames per second. The
subsystem could be useful in industrial
assembly operations that require automat-
ic joining of parts that are initially oriented
and moving randomly.
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Asolid-state video camera views the tar-
get, which consists of five bright or reflec-
tive circles, four of which are located at the
corners of a square and the fifth of which is
located at the center of the square but off-
set from the plane of the square (see
figure). The raw image data are sent to the
image-processing circuitry, which per-
forms a convolution difference-of-Gaus-
sian edge-analysis filtering operation to
bring out the picture elements that repre-
sent the edges of the circles.

The image data are then processed fur-
ther to obtain the centroids of the five

circles. The locations of these centroids
relative to each other and to the overall im-
age frame are processed to obtain three
Cartesian coordinates of the target relative
to those of the camera. Triangulation cal-
culations based on the vector relationships
among the locations of the five circles and
the central axis of the target yield the roll,
pitch, and yaw angles that describe the
orientation of the target relative to the line
of sight and the field of view of the camera.
Thus, the relative position and orientation
of the target are determined in all six de-
grees of freedom. The offset of the central

NASA Tech Briefs, November 1989
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circle from the plane of the other four
circles can be increased or decreased to
increase or decrease the sensitivity of the
subsystem to the pitch and yaw of the tar-
get.

The output data may have to be trans-
formed into spherical or other coordinates
used by the robot. However, this transfor-
mation can be performed easily in soft-
ware. If the robot is changed, it is neces-
sary only to change this software.

This work was done by Lawrence M.
Shawaga of Kennedy Space Center. For
further information, 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, Kennedy
Space Center [see page 18]. Refer to
KSC-11447

Video
Camera

The Five Bright Circles of the target are positioned in such a way that the video images of
them can be processed into data on the position and orientation of the target relative to the

camera.

Improving Estimates of Phase Parameters
When Amplitude Fluctuates

An adaptive inverse filter is applied to the incoming signal and noise.

NASA's Jet Propulsion Laboratory, Pasadena, California

A time-varying inverse-filtering tech-
nigue has been developed to improve the
digital estimate of the phase (and the pa-
rameters of the power spectral density of
the phase) of a received carrier signal.
More specifically, the technique is intended
for use where the received signal fluc-
tuates in amplitude as well as in phase and
the signal is tracked by a digital phase-
locked loop that keeps its phase error
much smaller than 1 radian; that is, the
loop remains in lock. The technique could
be useful in navigation systems, the recep-
tion of time- and frequency-standard
signals, and possibly spread-spectrum
communication systems.

The technique is based in part on the ob-
servation that random variations in the
transfer function of a conventional tracking
loop can be attributed directly to the fluc-
tuations in the amplitude of the signal. This
suggests the use of a time-varying inverse
filter to remove the unwanted effects of
amplitude from the output of the phase de-
tector. The necessary estimates of ampli-
tude can be obtained from the in-phase
samples, provided that the loop remains in
lock as assumed.

The figure illustrates the linear mathe-
matical model of the loop that applies as
long as it remains in lock. The loop gener-
ates estimates () of the received phase at
sampling intervals /i from the received
phase seguence 6(). The instantaneous
phase error §() = &) — &) is multiplied by
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The Inverse-Fliter compensates for the fluctuations in the amplitude A()). The output of the
inverse filter is an estimate of the phase of the received signal, plus a modified noise compo-

nent.

a relatively-slowly-varying sequence A(/)
that represents the fluctuating amplitude.
With the addition of the equivalent noise
sequence n ), the output y(/) of the phase
detector becomes a sequence containing
products and sums involving the ampli-
tude, phase, noise, and the transfer func-
tions of the loop filter and the numerically
controlled oscillator.

The inverse-filtering equations apply a
correction to y{/) based on the estimate A(/)
of the amplitude sequence A(/). The effect
of the filter can be expressed as a recur-
sion on the sequence y(/). The output of the
inverse filter is a sequence

v(i) = &)+ [ngli)A()]

where &(j) is the estimate of the total phase
of the received signal (including the com-
ponents due to instability in the transmitter
oscillator, Doppler shift, and other effects
of propagation).

The inverse-filtered noise component is
white noise. The power spectral density of
the output signal contains the power-law or
other spectral contribution of the received
signal, which can be estimated by means
of standard technigues.

This work was done by V. A. Vilnrotter, D.
H. Brown, and W. J. Hurd of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 45 on the TSP
Request Card.

NPO-17560
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Composite screen of an average board test program The same program using the Artisan A7000.
containing 100 ICs using competitive systems.

The Artisan A7000 Integrated Functional Test System.
Amazingly, such a fast programming, state-of-the-art
system costs only $45,000.

That's the clincher that's putting Artisan's A7000 into
so many of today's most successful companies.

But our fast growing list of customers are choosing the
A7000 over high priced testers on more than just price.

Giant corporations, small start-ups and government
contractors agree it's the ideal tool to ensure total quality
control production. It's versatile, too. Design engineers,
field service personnel and others are relying on the flexi-
ble, portable A7000

The A7000 provides full functional test capabilities
by combining advanced Digital with a powerful set of
Analog tools. The test results are presented on vivid
screen displays that are setting the industry standard.
The custom Artisan BASIC™ test | anguage slashes pro-
gramming time to a fraction of what you've come to
expect on competitive systems.

Such advanced technology is the direct result of a
company dedicated to providing custom test solutions.
At Artisan, you give us the specs and we'll supply the
answers.

Artisan and the A7000. An unbeatable combination
that gets you results. Fast.

$45,000

For detailed information
or a free demonstration
call 1-800-423-4636. In
Connecticut, 635-3411.

© 1988 Artisan Development Corporation Circle Reader Action No. 636



Scanning Photoelectron-Emission Inspection Equipment

i

Surfaces to be bonded are tested for cleanliness.

Marshall Space Flight Center, Alabama

A noncontacting scanning photoelec-
tron-emission apparatus detects contami-
nants on surfaces to be bonded by chemical
or other means. The apparatus measures
the amount of trace contaminants that re-
main after incomplete cleaning, from the

growth of oxides after cleaning, from fail-
ure to protect cleaned surfaces (e.g., from
fingerprints) before bonding, from airborne
particles, and from other causes. Such
measurements are important in the manu-
facture of critical bonded parts because

contaminants weaken bonds.

The equipment (see figure) includes a
commercial photoelectron-emission sen-
sor. The inspected surface is irradiated
with ultraviolet photons from a source in
the sensor head while an anode in the sen-

Ultraviolet
Light
Computer —»| Input/Output »| Photoelectron-Emission »|  Sensor
Circuits ) Head e
: System :
. i Electrons

A

Color \ Surface To Be
ot e Color m— Inspected
Video | Printer iti ositicning
Monitor Data on Position Positioning
Seaae Y — —

Y

Plotter
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The Photoelectron-Emission Sensor is held at a fixed distance from the surface to be inspected and scanned across the surface. Data on
photoemission as a function of position on the surface are used to generate a map of contamination of the surface.

Time Code
Instrumentation

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

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

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

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

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

For more information or applications assistance, call or write.

Timing Division
1363 S. State College Blvd., Anaheim, CA 92806-5790
(714) 533-6333
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sor head collects photoelectrons ejected
from the surface by absorbed photons. If
the intensity and spectrum of the ultraviolet
light and the distance between the sensor
and the surface are held constant, then the
photocurrent (typically 10-2to 10-0 A) var-
ies according to the amount and type of con-
tamination. For example, a clean surface
usually acts as a source of photoelectrons,
and a non-photo-emitting contaminant
causes a decrease in the photocurrent. On
the other hand, a photoemitting con-
taminant could cause an increase or de-
crease in current, depending partly on its
thickness.

The sensor head is mounted on a servo-

controlled positioning mechanism to main-
tain the correct distance to the inspected
surface. The sensor can be scanned
across the surface (or, alternatively, the
surface moved past the sensor) by any
suitable combination of translation and
rotation stages. Data on the inspected
position are taken from shaft-angle or other
encoders in the scanning mechanism(s)
and recorded with photoemission-meas-
urement data. These two streams of data
are processed into a false-color or other
map of contamination, which can be dis-
played on a color video monitor, plotted, or
printed.

Measurements of photoemission can

be calibrated by correlation with the
strengths of bonds made to standard spec-
imens known to be contaminated to vari-
ous degrees. This calibration becomes the
basis for acceptance or rejection of parts
of that type. If, for example, the map of a
surface includes areas where the photo-
emission indicates contamination above
the allowable level, those areas can be
cleaned and reinspected until the map
shows the entire surface to be sufficiently
clean.

This work was done by Raymond L.
Gause of Marshall Space Flight Center.
For further information, Circle 19 on the
TSP Request Card. MFS-27203

Force-Feedback Cursor Control

¥i

A robot controller would move a cursor and manipulate images.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

The use of force-feedback hand-held
controllers has been proposed to help com-
puter operators position cursors on comput-
er video displays. Such controllers were
originally developed for controlling remote
manipulators on robots: they transmit
users' hand and finger movements to the
manipulators and feed back, to the users’
hands, forces that represent the interac-
tions of the manipulators with the manipu-
lated objects.

To control a cursor, a hand controller
would replace a joystick or electronic
mouse. As with a joystick or mouse, motion
of the handlelike controller in a plane would
move the cursor horizontally and vertically
on the screen. The operator would press a
button on the handle to obtain the action
when the cursor reaches the desired posi-
tion indicated by an icon or image.

Unlike a joystick or mouse, the control-
ler would have additional degrees of free-

technically sophisticated customer.

Heathkit

A leader in quality electronics for the

Powerful Kit
Laptop and
Desktop
Computers

dom. Thus, icons on the screen could be
made to respond to movement toward or
away from the screen and to rotations. If,
for example, a picture of a switch were
oriented vertically on the screen, the oper-
ator might open or close the switch by rota-
tion of the controller around the pitch axis.
In another possible variation, an image of a
control knob might be rotated by move-
ment around the roll axis. With many such
images on the screen, the operator would
use the controller to move the cursor to the
proper image, then press a button to ac-
tivate the function represented by the im-
age.

With special software, the force-feed-
back ability of the controller could be
brought into play. Force feedback could re-
pel the controller and cursor from the
boundaries of images and attract them to-
ward the centers, preventing the cursor

from being set in ambiguous positions.
Force feedback could also guide the oper-
ator’s hand in following straight lines and
even along curves.

Once the cursor is positioned on the im-
age of a switch, the controller could pro-
duce a force that the operator must over-
come to change the position of the switch.
The force adds realism by simulating the
breakaway force of a real toggle switch
and thereby reduces the likelihood of false
operation.

Force feedback could also transmit in-
formation to alert the operator to condi-
tions not necessarily related to images on
the screen. For example, a vibrating force
could signal an alarm that requires imme-
diate attention. Because humans respond
faster to tactile stimuli than to visual ones,
force feedback can speed corrections.

This work was done by Blake Hannaford
and Zoltan F. Szakaly of Caltech for
NASA's Jet Propulsion Laboratory. For
further information, Circle 21 on the TSP
Request Card.

NPO-17520
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All-Optical Photochromic Spatial Light Modulators
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Photochemical transfer of electrons would enable fast reading and writing.

NASA's Jet Propulsion Laboratory, Pasadena, California

A concept for all-optical spatial light mod-
ulators holds promise for highly parallel, fast
optical computing — for example, in the
enhancement or recognition of images.
Such a modulator would be a single piece
of photochromic material in which infor-
mation would be written, or from which in-
formation would be read, by beams of light.
Devices of the new type might operate as
two-dimensional transmission or reflection
masks, three-dimensional holograms, in-
coherent-to-coherent image converters, or
wavelength converters over the spectral
range from ultraviolet to near infrared.

The new concept is based on the trans-
fer of electrons between donor and ac-
ceptor molecules (chromophores) ran-
domly distributed or covalently linked and
dispersed in a glassy-polymer host materi-
al. This transfer would cause significant
changes in the optical-transmission char-
acteristics of the material and could, there-
fore, be used to modulate the transmission
of a reading beam of light impinging on the
material.

The writing beam of light used to induce
the transfer of charge would be scanned
across the device or used to project an im-
age ontoit, thus optically forming a mask of
spatially varying transmission — that is,
spatial modulation. Because the transfer of
charge would take place over typical mo-
lecular distances of about 100A or less, the
inherent spatial resolution of the device
would be limited only by the diffraction of
light, which is characterized by much great-
er lengths.

D*
1
1
R —
Photon Three-Step Electron-
Transfer Sequence 2
L = A
—g‘ g —— S e T e e
T
D

This is the Simplest of Three-Species Charge-Transport Pathways. Initially, a photon raises a
donor molecule D to an excited state. An electron is transferred from D to an intermediate
molecule |, then to a preferably-more-distant acceptor molecule, A, faster than direct D* I~
recombination can occur. Finally, the only way that recombination can occur is by quantum-

mechanical tunneling of the electron along the full distance from A~ back to D*.

The electron-transfer/photochromic con-
cept involves the use of a three-state inter-
molecular charge-tunneling scheme like
that of photosynthesis (see figure) to make
possible a switched state. The charge-sep-
aration and recombination rates would be
tunable over several orders of magnitude,
making the devices useful for a variety of
computing strategies. The charge-sepa-
rated state would appear rapidly, within pi-
coseconds to microseconds. Because the
charge-transport switching events would
involve no breakage or formation of chemi-
cal bonds, the device could be subjected to
many reading and writing cycles.

Rough estimates of characteristics of
the proposed spatial light modulators com-
bine the best characteristics from existing

Pockels cells, volume helograms, photore-
fractive materials, and liquid crystals. In ad-
dition to the short response times and high
resolutions mentioned above, these in-
clude sensitivities of the order of 10-100
ucm)2.

This work was done by David N. Beratan
and Joseph W. Perry of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 54 on the TSP
Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, NASA's Resident Office-JPL [see
page 18]. Refer to NPO-17612

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.

Very-Long-Baseline
Interferometry Using
Cheap Satellites

s

Celestial radiation below 25
MHz, heretofore inaccessible,
could yield new insights.

A report discusses the feasibility of an
array of small satellites that would be de-
ployed in a high orbit around the Earth to
monitor celestial radio sources at frequen-
cies less than 25 MHz. The objective is to
make a high-angular-resolution map of
such sources over the entire sky by use of
very-long-baseline interferometry (VLBI).

At present, this part of the celestial radio
spectrum is essentially unexplored be-
cause it is hidden from terrestrial antennas
by the ionosphere most of the time and sub-
ject to interference by terrestrial sources.
The satellites would be built cheaply in
“get-away-special” canisters (“GAS cans”)
similar to those developed for carrying
small experiments aboard the Space Shut-
tle. (Alternative launching craft would have
to be used, however, because the Space
Shuttle cannot deploy such canisters in

NASA Tech Briefs, November 1989



sufficiently high orbits.) Because the multi-
ple-satellite array would be an aperture-
synthesis array of many elements, it would
have inherent protective redundancy. Thus,
the success of the project would not be
threatened by the failure of a few satellites.
This feature would relax the requirements
for long-term reliability, thereby helping to
keep the cost low.

The main technical discussion is con-
tained in nine chapters. Chapter | intro-
duces the concept of the VLBI mission and
describes the 2-day workshop-type confer-
ence at which the subjects of the other
chapters were discussed. Chapter |l de-
scribes the scientific motivation, including
a list of questions regarding the radio spec-
trum that might be answered by data from
the VLBI array.

Chapter |ll discusses technical require-
ments and problems involved in observa-
tion at various frequencies. Topics include
the ionospheric critical frequency, inter-
stellar and interplanetary scattering, radia-
tion from auroras, the range of angular
sizes of sources, and the large number of
detectable sources. There is also a brief
discussion of the cost.

Chapter IV describes the “GAS-can”
concept and the standard configuration of
an emerging series of small, inexpensive
satellites designed to be launched in im-
proved “GAS cans”. Chapter V presents
some of the engineering considerations.
These include engineering tradeoffs that
depend on the altitude of the orbit, the in-
clination of the orbit, alternative launching
vehicles and organizations, the number of
elements in the array, and keeping track of
the changing relative positions of elements
in the array.

Chapter VI describes some of the radio
equipment likely to be carried aboard the
satellite, including various kinds of anten-
nas and receiving electronics. Chapter VI
discusses the requirements for telemetry
and ground support equipment. Chapter
VIII outlines topics that would have to be
studied further to arrive at a satisfactory
design. Chapter IX presents some addition-
al topics to be studied and some conclu-
sions, the major one of which is that there
appears to be no insurmountable obstacle
to the deployment of the multiple-satellite
VLBI array.

Following Chapter IX is a brief list of
references. There are also three appen-
dixes: one on vibrations and stability of a
satellite, one on the application of magnet-
ic torquers, and one on the separation of
coorbiting satellites that is caused by differ-
ences in atmospheric drag.

This work was done by M. J. Mahoney,
D. L. Jones, T. B. H. Kuiper, and R. A
Preston of Caltech for NASA’s Jet Propul-
sion Laboratory. 7o obtain a copy of the
report, “Low Frequency VLBI in Space
Using ‘GAS-Can’ Satellites,” Circle 133 on
the TSP Request Card. NPO-17488
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Gravitation- and
Conduction-Driven
Melting in a Sphere

Simplifying assumptions
lead to an approximate
closed-form solution.

A theoretical paper discusses the melt-
ing of a solid sphere in a spherical contain-
er. It develops a mathematical model of the
melting process, based in part on simplify-
ing assumptions like those used in the
theories of lubrication and film condensa-
tion. The resulting equation for the melting
speed as a function of the melting distance

can be solved approximately in closed
form.

The mathematical model starts with the
following conditions and assumptions: The
solid sphere is initially at the melting
temperature. The temperature of the wall
is suddenly raised to a higher constant
value. The solid begins to melt inward and
isdenser than the liquid, so it starts to move
downward. The downward motion is ac-
companied by the generation of liquid at
the melting interface, and the liquid is
pushed up through a thin layer to the space
above the solid. The melting at the top of
the sphere is negligible.

The motion of the liquid in the thin layer
is treated as symmetrical about the vertical
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axis, quasi-steady, and dominated by vis-
cosity. Heat is assumed to be transferred
across the layer from the wall to the melt-
ing front by conduction. The volumetric
flow rate, gradient of pressure, viscosity,
rate of transfer of heat, thickness of the
layer, and speed of melting are described
by interrelated equations as functions of
each other and of position.

The foregoing equations are combined
and manipulated further to yield an equa-
tion for the pressure as a function of the
melting speed and position, which is in-
tegrated to find the upward force exerted
on the solid by the molten layer. The re-
quirement of static equilibrium of the solid
'yields another equation for this force in
terms of the gravitational acceleration, the
densities of the solid and liquid, and the re-
maining volume of the solid, which can be
closely approximated as a function of the
melting distance with the help of the as-
sumption that the thickness of the melting
layer is much less than the radius.

The two equations for the force are
combined to obtain a differential equation
for the melting speed as a function of the
melting distance. The time and distance
variables are nondimensionalized by com-
bining the effects of the parameters for the
viscosity, density, heat of melting, gravita-
tion, thermal conductivity, specific heat of
the liquid, and the temperature difference
into one multiplicative factor. The exact

form of the equation is

95 = (CH2)%

dr [(2—3&+83(1 -3 &4+ 29"
where & and T represent the nondimen-
sionalized melting distance and time, re-
spectively, and Cis the multiplicative factor.

When the inverse of the quantity in
brackets is approximated by a third-order
polynomial, the equation can be integrated
to obtain
T = (1/C)" (1.56& + 0.279E2 +

0.261&3 —0.0686&%)
The nondimensionalized time 7,to melt the
entire mass is found by setting £ = 1. This
yields t, = 2.03 (1/C)*.

This work was done by Parviz A.
Bahrami and Taylor G. Wang of Caltech for
NASA’s Jet Propulsion Laboratory. 7o
obtain a copy of the report, “Analysis of
Gravity and Conduction Driven Melting in a
Sphere,” Circle 125 on the TSP Request
Card.

NPO-16758

More on Scattering From
Dirty Mirrors

A mathematical model of
scattering is expanded
from visible to include
infrared wavelengths.

A paper describes an extension of a
mathematical model of scattering from a
mirror slightly contaminated with particu-
lates. The original version of the model,
described in a previous issue of NASA
Tech Briefs, applies to scattering at visible
wavelengths. The updated version can be
used to predict scattering at wavelengths
from visible through infrared, based on
measurements in the visible spectrum.

The basic model gives the bidirectional
reflectance distribution function (BRDF) of
the mirror in question at one wavelength in
terms of the angle of incidence, the angle
of scattering, and six parameters that char-
acterize the condition of the surface. With
proper adjustment of the parameters, the
BRDF's predicted by the model agree very
well with the BRDF's measured at a wave-
length of 0.6328 um at various angies of in-
cidence on specimens of various rough-
nesses and degrees of contamination.

In the extended model, the parameter
a4, which represents scattering from the
particulate contamination, is modified to
show the approximate increase of this
scattering with increasing wavelength. For
the purpose of extrapolation from visible to
infrared wavelengths, acceptable accur-
acy is given by

o, = 0}(1/0.6328)12
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where o) = the value of o, at a wavelength
of 0.6328 um and A = the wavelength in
micrometers.

The principal term in the mathematical
model of the BRDF is the power spectrum
W(p) of the surface-height distribution. In
the extended version, this distribution is
given by
W(p) = [202/(1 +p2L?)]

+V/n [0} (1/0.6328)"12]21,

exp(—p3L2/4)
+yVn[0}(1/0.6328)"12]2¢ ,
exp[ — (p — c)2?/4]

where p = (2n/A)B—B,); B and B, are the
direction cosines of incidence and scatter-
ing, respectively; ois the contribution of the
Lorentzian component of the surface-
height distribution to the root-mean-square
roughness; o is the Gaussian contribution
to this roughness; £ and *, are the autocor-
relation lengths of the Lorentzian and
Gaussian, respectively; y is a scaling fac-
tor; and both yo? and ¢ are influenced by
the combined effects of the angle of inci-
dence and the contaminants.

This work was done by Yaujen Wang of
Caltech for NASA’s Jet Propulsion Lab-
oratory. To obtain a copy of the report,
“Scattering From Mirrors Contaminated
by Particulates — II: an Extended Model,”
Circle 56 on the TSP Request Card.
NPO-17490

Multiple-Vortex-Ring
Model of a Microburst

Data from a wind-shear
incident support a
two-ring model.

Areport discusses a multiple-vortex-ring
mathematical model of a microburst, which
is a strong downdraft that induces an
outflow of strong winds near the ground.
This low-altitude wind-shear phenomenon
is a topic of continuing study because of its
effect on the safety of flight.

The model was developed in conjunc-
tion with information from a severe wind
shear encountered in August, 1985 at
Dallas-Fort Worth airport. Data on instan-
taneous winds along flight paths were ob-
tained from digital flight-data recorders on
two airplanes: Delta Airlines Flight 191,
which penetrated a microburst during its
landing approach and crashed; and Ameri-
can Airlines Flight 539, which made a go-
around and penetrated the same micro-
burst at an altitude of 2,500 ft (762 m).

For each vortex ring in the model, there
is an image ring below the ground to make
the ground a stream surface. The poten-
tial-flow basis of the model is composed of
time-invariant vortex-ring filaments embed-
ded in irrotational flow. The viscous core of
each vortex ring is modeled by distributing
the vorticity radially outward from the fila-
ment by a small distance relative to the di-

ameter of the ring.

The velocity induced by each vortex ring
is calculated by evaluating an algebraic ex-
pression representing the derivatives of its
stream function. The velocity at any posi-
tion in the flow field is the sum of the veloci-
ties induced at that position by all the rings,
including the image rings. This sum of ve-
locities is multiplied by the velocity-damp-
ing factor, which is used to model the visc-
ous cores of the rings.

The model was verified by matching its
predicted winds with the winds recon-
structed from the data from Flight 539. A
modified Newton-Raphson technique was
used to estimate the sizes and strengths of
the vortex rings. The parameters identified
in this manner indicate a ring with a radius
of 8,500 ft (2.6 km) and another ring with a
radius of 1,700 ft (0.5 km). These parame-
ters, when used in the multiple-vortex-ring
model, provide a realistic microburst wind
field that can be used in simulations and in
studies of control systems.

This work was done by Thomas A.
Schultz of Ames Research Center. Fur-
ther information may be found in AIAA
paper A88-22511, “A Multiple-Vortex-Ring
Model of the DFW Microburst.”

Copies may be purchased [prepayment
required] from AIAA Technical Information
Services Library, 555 West 57th Street,
New York, New York 10019, Telephone
No. (212) 247-6500.  ARC-12219
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need them both. Plus, the PM 3323 can give
you all this performance within your current
automated test environment.

Signal Acquisition. Signal Analysis.

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

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

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

*At 10 samples per period

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

Going far beyond amplitude and time
measurements like RMS, Rise/Fall time, and
frequency, the PM 3323 provides advanced
functions such as integrate for area, differen-
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‘dont want you to see.

tiate for slewrate, calculate amplitude proba-
bility, even FFTs to show frequency domain.
And there’s no need for an external computer.

Plus, memory sufficient for 251 front panel
setups makes automation easy.

transition from analog to digital easier than
ever, by sending for our free video titled “DSOs
With a Difference: Chapter II!" Just fill out and
mail the postage paid card provided, or call
1-800-44-FLUKE, ext. 77.

Fluke Tek" HP*
Features PM 3323 2440 54502A

_ s sl
500 MS/s 500 MS/s AOOMHZ repetitive
Atonly $7,750, the —— 400MS/s

iSi bits

talented DSOS from Fluke -

e
offering superior specs for -_
Pt N
(Int., Ditt, Hist. Filter, FFT)
_

See the difference.
Only from Fluke.

See themall, including
our medium frequency
combination digital/analog
scopes which make the

unparalleled performance
umrmum - Multiply

and value.
add, subtact, multiply, divide)

oumnut
Functions (RMS, Freq., etc)

John Fluke Mfg., Co. Inc. PO Box 9090, M/S 250C, Everett, WA
98206-9090. U.S. (206) 356-5400. Canada (416) 890-7600. Other
countries: (206) 356-5500. © 1989 John Fiuke Mfg. Co., Inc. Al rights
reserved. Ad no. P3320-0993. Tek™ and HP™ are registered trade
marks of Tektronix, Inc., and Hewlett-Packard, Inc

FLUKE
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Ceramic Wick for Capillary-Pumped Heat Pipe

The fibrous ceramic wick allows the choice of working fluid and
" high-temperature fabrication and/or operation.
[

Goddard Space Flight Center, Greenbelt, Maryland

A ceramic heat-pipe wick is compatible,
physically and chemically, with such ther-
mally efficient working fluids as chloro-
fluorocarbons and ammonia. The wick ma-
terial resists degradation at temperatures
from —195to +1,500 °C.

The wick material is a porous, perme-
able, open-cell ceramic made of silicon di-
oxide and aluminum oxide fibers (78 per-
cent and 22 percent by volume, respec-
tively) held together by boric oxide or
another suitable inorganic binder. With an
average size of less than 5 microns, the
pores are small enough to ensure effective
pumping but not so small that they impede
fluid flow significantly. The material resists
chemical attack by the fluid and does not
contaminate the fluid or generate particles
that could clog the system. It is easy to
machine. Because it is not brittle, it is resis-
tant to vibration.

The new material offers more-uniform
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The Liquid Refrigerant fills the bore of the silica/alumina wick. After flowing by capillary ac-
tion through the pores of the wick, the refrigerant evaporates from the finned outer surface
of the wick and enters the heat pipe, flowing toward the condenser section.

pore size and, therefore, more-uniformly-
distributed capillary action than do wire-
mesh or sintered metal wicks, and, unlike
them, does not corrode. It is more stable
chemically than are cloth wicks. It is easier
to fabricate and less prone to breakage
than are glass-fiber or sintered ceramic
wicks. Because the new material with-
stands high temperatures, it is not de-
graded by welding or soldering when it is
assembled in an enclosure.

The silica/alumina wick capillary
pumped loop is housed in the evaporator of

a heat pipe (see figure). The working fluid,
in liquid form, enters the bore of the wick
through its open end. The liquid flows
radially outward through the wick and
evaporates from the radially heated outer
finned surface of the wick. The working
fluid, now in vapor form, flows through the
channels between the fins and leaves the
evaporator. The vapor gives off heat in the
condenser section of the capillary loop, be-
comes liquid again, and flows back to the
evaporator for recycling.

This work was done by Benjamin
Seidenberg and Theodore Swanson of
Goddard Space Flight Center. For fur-
ther information, Circle 66 on the TSP Re-
quest Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Goddard Space Flight Center
[see page 18]. Refer to GSC-13199

Making a Noble-Metal-on-Metal-Oxide Catalyst

A catalyst exhibits superior performance in oxidation of CO in CO, lasers.

Langley Research Center, Hampton, Virginia

A two-step process has been developed
for preparing a platinum- or palladium-on-
tin-oxide catalyst for the recombination of
CO and O,, decomposition products that
occur in the high-voltage discharge region
of a closed-cycle CO, laser. The recombi-

52

nation of these decomposition products is
necessary, for they act to reduce the
power and lead to unstable operation of
the laser.

In the first step of this procedure, com-
mercially-available, high-surface-area sili-

ca spheres, 10 um in diameter, are placed
in deionized water. Sufficient reagent-
grade tin powder is added to coat the
spheres with a monolayer equivalent of tin
(IV) oxide. The water is boiled to deaerate
the solids, and, after cooling, nitric acid is

NASA Tech Briefs, November 1989



added to obtain a 2.25-molar concentra-
tion. The mixture is slowly stirred and
heated to 50 °C. Awhite suspension settles
out, and the temperature is raised to 110 °C
for overnight evaporation and drying.

In the second step, deionized water is
added to the dried powder and boiled again
for deaeration. Sufficient Pt(NH,), (OH), is
then dissolved in hot, deionized water to
obtain the desired fractional monolayer
coverage of platinum on the surfaces of
the spheres. This solution is added to the
hot water containing the spheres and
stirred slowly. To reduce the Pt(NH;),
(OH), to platinum metal, six equivalents of
formic acid are added, and the solution is
heated to just over 100 °C for overnight
evaporation and drying. The catalyst prod-
uct is a gray-to-black powder consisting of
a monolayer equivalent of tin (IV) oxide on
10-um-diameter silica spheres, with the
desired fractional coverage of a monolayer
equivalent of platinum metal.

A thin layer of tin oxide is desirable not
only to maintain the high surface area of
the combination of the catalyst and the
support but also if isotopic labeling of the
tin oxide is needed. Isotopic labeling in-
volves the removal of the normal oxygen
isotope in tin oxide and reoxidation of the
reduced surface with the rare isotope,
oxygen-18. Since only a thin layer of tin ox-
ide is involved, this reduction/oxidation
step requires a minimum of oxygen-18.
Also, all of the tin oxide is likely to be labeled
with oxygen-18, a particularly important
characteristic in maintaining the isotopic
integrity of rare-isotope CO, in closed-
cycle CO, lasers.

The high effectiveness of this catalyst
was determined by tests and comparative
characterization with a commercially avail-
able catalyst. The catalyst made by this
process has a high B.E.T. (Brunauer, Em-
mett, and Teller) surface area and a high
activity at moderate temperatures. It is 10
times as active as a commercially avail-
able catalyst under similar conditions.

This process is inherently clean in that
excess reagents or products decompose
and evaporate, leaving no soluble residue.
Furthermore, the reactions proceed at tem-
peratures low enough not to decrease sig-

Polaroid’s Ultrasonic
Rangm(l; System
opens the door

to new technology.

It can be found in “non-touch”
screen computer monitors, AGV's,
industrial robotics, electronic
games, tape measures, aids for the
disabled, loading docks, collision
avoidance systems for cars, trucks
and pleasure vehicles. And, yes, it
evenopens doors.

The Polaroid Ultrasonic Ranging
Systemis an accurate, highly sensi-
tive way to detect and measure the
presence and distance of objects
from 10.8 inches to 35 feet.

What's more, accuracy, sensitivity
and range can all be improved with
circuit modifications.

A Three of a kind. Polaroid offers
Ly three ultrasonic transducers for a
g | wide variety of applications. You can
%, choose the original instrument-
grade transducer, proven in millions
of SX-70 Sonar Autofocus cameras.
Or our Environmental Transducer,
available in a sturdy '

housing to with-
stand exposure
torain, heat,
cold, salt spray,
chemicals, shock
and vibration. And
now you can select our newest,
smallest transducer, developed for
Polaroid Spectra, the camera of the
future. Alluse reliable, accurate and
sensitive electrostatic transducer
technology. All are backed by
Polaroid.

Get a $2 Million Head Start. Polaroid spent over $2 million developing the Ultrasonic Ranging
System. But now you can get this technology in our Designer’s Kit for only $165*. To order your
Designer’s Kit, please send a check or money order for $165 for each kit, plus all applicable state
and local taxes, to: Polaroid Corporation, Ultrasonic Components Group, 119 Windsor Street,
Cambridge, MA 02139. Questions? Call Polaroid’s Applications Engineers at 617-577-4681.

Please send me Designer’s Kit(s).
Please send more information.

nificantly the high surface area of the cata- |
lyst. This process is also applicable to other

noble-metal/metal-oxide combinations. |

This work was done by Irvin M. Miller |
and Patricia P. Davis of Langley Research

Center, and Billy T. Upchurch of Science | |

and Technology Corp. No further docu- I

|

|

|

|

s : Name
mentation is available.
This invention is owned by NASA, and a Title

patent application has been filed. Inquiries

concerning nonexclusive or exclusive Company e
license for its commercial development A ioc 2
should be addressed to the Patent - @
Counsel, Langley Research Center [see City State Zip - POla l'OId z

l *Pricing subject to change “Polaroid", “SX-70"® “Spectra” ™
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page 18].Refer to LAR-13741.
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12.5 MFLOPS

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

o 473 functions callable from C, 7
FORTRAN, or Turbo Pascal

o Software designed for up to
8 PL1250s, running in parallel

1K Complex Floating Point FFT 8.35ms
Complete with Software-$2695

Capteen Copht Labratoved
771 Gage Drive, San Diego, CA 92106
(619) 224-2158 « FAX (619) 224-3958

In Australla: Comp. Trans. Sys.
(03) 537-2786  FAX (03) 537-2786

In Canada: Barry Mooney & Associates
(902) 665-4447 o FAX (902) 665-4838

In Europe: Assentoft Electronics
45(86) 16 29 26 o FAX 45(86) 16 20 12

In Japan: Kyokuto Boeki Kaisha (KBK)

(03) 244-3790 » FAX (03) 246-1846
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Now the power of

STATISTICAL

EXPERIMENT
DESIGN

made easy for you

Stat-Ease offers you two powerful,
menu-driven programs:

DESIGN-EASE™software for two-
level factorial, fractional factorial &
Plackett-Burman designs. ($300)

e X

DESIGN-EXPERT™ Version 2
software for response surface (central
composite and Box-Behnken) and
mixture (simplex and extreme verti-
ces) designs. ($695)

These programs help you choose, set
%p and analyze experiment designs.

hey run on IBM personal computers
and compatibles.

To purchase or receive more informa-
tion contact:

Stat-Ease, Inc. ® 3801 Nicollet Ave. So.
Minneapolis, MN 55409 e (612) 822-5574

STATEASE_

INE.

Practical DOE Workshops
Call for Information & Dates
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COSMIC: Transferring NASA Software
COSMIC, NASA’s Computer Software Manage-
ment and information Center, distributes software
developed with NASA funding to industry, other
government agencies and academia.

COSMIC's inventory is updated regularly; new
programs are reported in Tech Briefs. For 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

54 Removing Hidden Lines for Thermal Analysis
54 Tracing Rays in Laser-Fringe Anemometers
56 C Language Integrated Production System

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

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

COSMIC® — John A. Gibson, Director,

(404) 542-3265

The University of Georgia, 362 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.

Physical Sclences

Removing Hidden Lines
for Thermal Analysis

The user can visualize
accurately the orientations
of objects under analysis.

The TRASYS Hidden Line Program,
TEKHIDN, was developed to aid the ther-
mal engineer in viewing objects for thermal
analysis. It is designed tobe run in conjunc-
tion with the Rockwell International version
of the TRASYS thermal-analyzer program.
TEKHIDN generates images of three<di-
mensional structures without showing the
background lines of the objects. The hid-
den-line-removal aspect of the program
enables the user to picture accurately ori-
entations of objects being studied. Thus,
the thermal model can be tested for accu-
racy before more-costly runs are made.

TEKHIDN has three major parts: the
binary data processor, the algorithm, and
the plotting routines. The binary-data pre-
processor interprets binary output from the
TRASYS program. The algorithm selective-
ly determines the visibility of a line. By
choosing a few points on that line, enough
information can be derived to analyze the
validity of its presence in the three-di-
mensional figure.

Upon determination of the visible lines
in the geometric figure, the program pass-
es to its graphical portion. The routines in-
volved in plotting the geometric data utilize

Plot10 library routines. The output is
displayed in graphical form on a Tektronix
graphics-display terminal. Hard copies of
the terminal display are desirable and can
be made if a terminal hard-copy device is
available.

The TEKHIDN program was developed
in 1986. It is designed to be implemented
on a DEC VAX minicomputer using VAX
VMS level 4.2 to 4.5. A Tektronix terminal
and the Plot10 library are required.

This program was written by R. Rivera
and T. M. Johnson of Rockwell Interna-
tional Corp. for Johnson Space Center.
For further information, Circle 61 on the
TSP Request Card.

MSC-21401

Tracing Rays in Laser-
Fringe Anemometers

Effects of refraction
are calculated by a
simple program.

“OPTMAIN" is a simple ray-tracing
computer code developed to quantify the
refractive effects that result when a laser-
fringe anemometer is used to observe
flows through a window. These refractive
effects can result in the following: (1) dis-
placement of the probe volume, (2) “un-
crossing” of the beams that make up the
probe volume, and (3) a change in the
angle of crossing of the beams.

The code calculates these changes for
four different types of windows: (1) flat-plate
windows, (2) simple cylindrical windows,
(3) “general” axisymmetric windows, and
(4) smooth general-surface windows. The
first two window surfaces are described
analytically, while the last two are de-
scribed by use of a cubic-spline curve-
fitting routine. Other input variables include
the orientations of the laser beams, the
angle of crossing, the wavelength, and the
indices of refraction.

The code is currently operational on a
VAX 11/750 computer. It is written in FOR-
TRAN V.

NASA Tech Briefs, November 1989
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It HelpsTo Know Where
You're Going Before You Launch.

NASA wanted to make sure all their analysts and competitors. Start with the modules you need and order
programmers were developing the same space station. But more as your project progresses.
they were very demanding. The software had to be clean, Naturally, it's a multi-user environment for net-
sensible and very high quality. That's why NASA chose Iconix ~ works. And it’s easy to learn and use because it conforms to
PowerTools:™ the standard Macintosh interface.

Maybe you should do the same before you launch No matter where your project is headed, it makes
your next project. sense to save time and money with Iconix Powerlools. Start

With Iconix PowerTools, you can make sure that saving time today. Call (213) 458-0092 for a free demo disk.
development goals are well-defined and documented before Then see how great it feels when you all end up in
anyone leaves the room and heads off into outer space. the right place.

Organization like this practically guarantees better quality and
timing of your project.

Seven modules give you everything you need from / c 0 N / /‘/

concept through code—at a fraction of the cost of our Engineering the future of software development.

X Iconix Software Engineering, Inc. 2800 28th St., Suite 320, Santa Monica, CA 90405
© ICONIX 1989 Iconix PowerTools is a trademark of Iconix Software Engineering, Inc. Macintosh is a trademark of Apple Computer, Inc
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This program was written by Karl Owen
of Lewis Research Center. For further in-
formation, Circle 117 on the TSP Request
Card. LEW-14535

C Language Integrated
Production System

Versions are available for
three different computers.

The C Language Integrated Production
System, CLIPS, is a shell computer pro-
gram for the development of expert-sys-
tem computer programs. It is designed to
enable research in and the development
and delivery of artificial intelligence on con-
ventional computers. The primary design
goals for CLIPS are portability, efficiency,
and functionality. For these reasons, the
program is written in C. CLIPS meets or
outperforms most artificial-intelligence
software tools based on micro- and mini-
computers.

CLIPS is a forward-chaining, rule-based
language. The program contains an infer-
ence engine and a language syntax that

canon
very high resolution
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provide a framework for the construction
of an expert system. It also includes tools
for the removal of errors from an applica-
tion program. CLIPS is based on the Rete
algorithm, which enables very efficient
matching of patterns. The collection of
conditions and actions to be taken if the
conditions are met is constructed into a
rule network. As facts are asserted either
before or during a session, CLIPS matches
the patterns of the number of fields.

Wild cards and variables are supported
for both single and muitiple fields. CLIPS
syntax allows the inclusion of externally
defined functions (outside functions that
are written in a language other than
CLIPS). CLIPS itself can be embedded in a
program in such a way that the expert
system is available via a simple subroutine
call.

CLIPS version 4.2 represents a major
revision of the CLIPS code to organize bet-
ter the kernel and to lay the groundwork for
additional features in the future. It has un-
dergone extensive testing to ensure robust
and reliable performance. Version 4.2 in-
cludes the rule compiler for run-time mod-
ules, an integrated MicroEMACS editor (for
MS-DOS, VAX VMS, and UNIX systems),
and an online help facility. The cross-
reference tool has been vastly expanded to
provide style checking and automatic veri-
fication.

Three machine versions are available.
Each machine version includes the source
code and the executable code for that
machine. The DEC VAX version is line
oriented. The PC and the Macintosh ver-
sions each contain a windowing variant of
CLIPS as well as the standard line-oriented
version. The mouseMindow-interface ver-
sion for the PC works with a Microsoft-
compatible mouse or without a mouse.
This window version uses the proprietary
CURSES library for the PC, but a working
executable code of the window version is
provided. The window-oriented version for
the Macintosh includes a version that uses
a full Macintosh-style interface, including
an integrated editor. This version enables
the user to observe the changing fact base
and rule activations in separate windows
while a CLIPS program is being executed.

The CLIPS program is written in C for in-
teractive execution and has been imple-
mented on an IBM PC computer operating
under DOS and on a Macintosh anda DEC
VAX-series computer operating under
VMS. The line-oriented version should run
on any computer system that supports a
full (Kernighan and Ritchie) C compiler or
the ANSI standard C language. CLIPS was
developed in 1986, and version 4.2 was
released in July of 1988.

This program was written by G. Riley, C.
Culbert, and F. Lopez of Johnson Space
Center. For further information, Circle 38
on the TSP Request Card.

MSC-21208, MSC-21467, and MSC-21475
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After centuries of practice,
mankind perfects engineering
calculations: MathCAD.

G
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Announcing MathCAD 2.5: g
The Dawn of a New Age. 8

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

Perhaps the Century of Speed, or
the Era of Ease. But whatever the
name, this is the age of MathCAD 2.5,
the only math package that looks
and works the way you think.

cquations anywhere on the screen,
add text to support your work, and
graph the results. Then print your
analysis in presentation-quality
documents.

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

0v0 YN

No matter what kind of math you
do, MathCAD 2.5 has a solution
# foryou. In fact, it’s used by over
& 60,000 engineers and scientists,
including electrical, industrial, and
mechanical engineers, physicists,

itk St < J biologists, and economists.
- 5 TS
; But don’t take ourword | || i | i !
for it; just ask the experts. | | = I
PC Magazine recently
described MathCAD as EDITORS
O

(19 ' . -

Cver_vthmg you have ever | "o C e
dreamed of in a mathemat- | 1989issue.
ical toolbox.” Best of 88

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

Best of *87

And for Macintosh®
users, we present MathCAD 2.0,
rewritten to take full advantage of
the Macintosh interface. Entering
operators and Greek letters into
equations is pure simplicity!

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

617-577-1017).

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

And now we’ve made the best
even better. MathCAD 2.5 is a dra-
matically improved version that in-
cludes three-dimensional plotting,
enhanced numerical analysis, and
the ability to import HPGL files
from most popular CAD programs,
including AutoCAD?* And now you
can print on PostScript® compatible
printers.

And like before, MathCAD’s live
document interface™ lets you enter

Available for IBM® compatibles
and Macintosh computers.

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

MathCAD

MathSoft, Inc. One Kendall Square, Cambridge, MA 02139
22

U.K.: Adept Scientific 0462-480055; France: ISE CEGOS 1-46092768; Germany: Softline 07802-4036; Japan: CRC 03-665-9768. PE
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58 Mounts for Selective 60 Hinged, Magnetic Holder
Rotation and Translation for Radiographic Film

59 Cooling Shelf for
Electronic Equipment

Mounts for Selective Rotation and Translation
Blade-in-groove bearings are stacked to obtain the necessary degrees of freedom.

NASA's Jet Propulsion Laboratory, Pasadena, California

A mounting system allows panels to be
tilted, rotated, and translated selectively.
The system was developed for large solar
reflectors or antennas composed of hex-
agonal panels about 6 ft wide and 6 in. thick
(1.8 by 0.15 m). With the system, each panel
can be tilted around two axes to focus the
antenna. At the same time, each panel can
translate along these axes to accommo-
date thermal expansion and contraction
without affecting the focus.

A panel is mounted at three points (see
Figure 1). Each point allows tilting around
the axes of the sides of the triangle formed
by the points. Not all points accommodate
translation, however: if they did, each
could shift in its plane and interfere with
neighboring panels. Accordingly, the mount
at point A allows rotation about axes AB
and AC but no translation; the mount at
point B allows translation along axis AB

and rotation about axis BC; and the mount
at point C allows both translation along,
and rotation about, axes AC and BC.

Combinations of knife-edge blades in
V-shaped grooves provide the requisite ro-
tational and translational freedom at each
point with low friction. At A, a lower blade
and an upper blade at an angle of 60° to
the lower blade allow independent tilt
around axes AB and AC, but no translation
(see Figure 2). At B, two blades are aligned
perpendicular to axis AB to allow transla-
tion along axis AB, and a third blade at 60°
is added to allow rotation around axis BC.
At C, four blades are stacked. The lower
two are aligned with each other; the upper
two are also aligned with each other, but at
60° to the lower two. Mount C can thus tilt
around axes BC and AC and translate
along both axes.

This work was done by Earl R. Collins,

Figure 1. A Hexagonal Panel Is Mounted at
three points. The mount at each point al-
lows a unique combination of rotation and
translation, with just the required degrees
of freedom to accommodate thermal ex-
pansion and adjustments.

Jr,, of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
2 on the TSP Request Card.

NPO-17686
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Figure 2. Stacked Blades and Grooves give the requisite rotational and translational freedom at each point. At A, two blades at 60° let the
mount rotate around two axes without translating. At B, two parallel blades allow tilt and translation, and a third blade at 60° allows tilt
around another axis without translation. The mount at C has two translational and two rotational degrees of freedom.
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Cooling Shelf for Electronic Equipment

Heat-pipe action cools and maintains electronics at nearly constant temperature. "

Langley Research Center, Hampton, Virginia

Electronic components mounted on flat
shelves in spacecraft generate enough
waste heat to require cooling. Typically, the
shelves are made of solid aluminum, and
the heat is conducted away through them.
At high heating rates, the result is large dif-
ferences of temperature (10 to 20 °C) be-
tween sources and sinks, and varying heat-
input and cold-sink conditions create
significant variances (20 to 40 °C) in tem-
peratures of the surfaces of the shelves.
Larger power levels can be accommodated
only by increasing the thicknesses and
weights of solid shelves or by reducing the
temperatures of the cold sinks.

A system has been designed to control
the temperatures of spacecraft shelves or
baseplates by combining a honeycomb
sandwich panel with a reservoir of noncon-
densable gas and processing the resulting
device as a variable-conductance heat
pipe (VCHP). As a result, the device pro-
vides a flat surface for mounting heat-dissi-
pating electronics that is effectively cooled
and maintained at nearly constant temper-

- ature.

The honeycomb VCHP can accommo-
date input heat up to several W/cm?, and
permits random placement of hot compo-
nents; i.e., the hottest components do not
need to be mounted closest to the cold
wall. In addition, stable operation of elec-
tronics and protection from low tempera-
ture are provided by the variable-conduct-
ance feature, which can achieve anominal
control span of 3°C.

A reservoir of inert gas is attached to a
stainless-steel honeycomb panel near the
condenser end of what is to be the heat
pipe. The condenser end acts as the ther-
mal interface with the wall of the spacecraft
or similar cold sink. The device is processed
with a predetermined amount of working
fluid (methanol) and noncondensable gas
(nitrogen). The amount of gas, the size and
type of the reservoir, the input power, and
the temperature of the sink determine the
degree of control of the temperature of the
source of heat.

The device acts as a very efficient con-
ductor of heat during full load. At less than
full load, the expanding noncondensable
gas effectively blocks off increasing por-
tions of the condenser to maintain the shelf
at a nearly constant temperature. The res-
envoir can be either a hot or a cold type, de-
pending on desired temperature-control
limits and the level of complexity.

This device provides a high-conductance
path for the transfer of heat from electronics
to the cold walls of a spacecraft via heat-
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pipe action and maintains close control of
the temperature of the shelf despite varia-
tions in conditions at the source and at the
sink of heat. The honeycomb panel can pro-
vide the structural support and flat mounting
surface of a conventional solid conducting
shelf and can do so with reduced weight
and superior thermal performance. Be-

sides its use in aerospace applications, this
technology is potentially useful in freeze
drying, refrigeration, and air conditioning.

This work was done by Herbert J. Tanzer
of Hughes Aircraft Co. for Langley Re-
search Center. For further information,
Circle 37 on the TSP Request Card.
LAR-13956
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Cold ones, too.

Novotechnik’s Linopot
Conductive Plastic Position Trans-
ducers are designed for very long
life (100 x 10° operations) in tem-
peratures from — 30to +100°C,
and from 5 to 2000Hz vibration. The
actuating rods feature double preci-
sion bearings and an anti-rotation
mechanism, which ensures precise
wiper loading and give linearities of
up to .075%.

The elastometer-damped
wipers run on resistance and collector
tracks made of the same conductive
plastic, giving a reliable contact
even at operational speeds of 10 m/s.
Angular and alignment errors are
eliminated by use of a newly-
developed ball-and-socket coupling.

The Linopot Series T/TS
transducers are available in five
electrical stroke sizes, from 25 to
150 mm. Call or write for full details to:

novoiechnik

Siedle Group

Novotechnik U.S. Inc.
Transducers

237 Cedar Hill Street
Marlborough, MA 01752
Telephone: (508) 485-2244
Fax: (508) 485-2430
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Explore The Universe

through exciting Space Videotapes from NASA Tech Briefs.
Landing On Mars

Actual Martian landscape seen in close-up,
ground-level photography from the Viking
Mission. 30 minutes. $19.95

Space Shuttle — Satellite Rescue
Join the adventure as the Space Shuttle

Columbia's crew rescues and repairs an injured
satellite. 30 minutes. $19.95
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The Universe: A Journey Through
Space And Time

Starting with the solar system, journey to the
Milky Way Galaxy and beyond. Includes -
theories on the formation of the universe,

pulsars, black holes, and more. Narrated by

William Shatner. 30 minutes. $29.95

The Voyager Missions

Travel a billion miles to Jupiter, Saturn, and

Uranus, as seen through the eyes of the

Voyager 1 and 2. Explore the planets, their

rings and moons. 28 minutes. $29.95

Rush me the following VHS videotapes: (indicate quantity)
Landing On Mars ($19.95) Space Shuttle ($19.95)
The Universe ($29.95) Voyager Missions ($29.95)
[ have enclosed $ plus $3.00 for postage and handling.
Total enclosed: $
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Address
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Hinged, Magnetic
Holder for
Radiographic Film
A specialized tool reaches
a hidden position.

Marshall Space Flight Center,
Alabama

A hinged holder equipped with magnets
(see Figure 1) enables the positive, ac-
curate, and repeatable placement and
orientation of radiographic film at a hidden
and otherwise inaccessible location. The
holder is only a simple, specialized tool de-
signed for the x-ray inspection of welds in-
side engine parts of a specific configura-
tion. However, it serves as an example of
the solution of problems of the type that
often occur in the inspection of parts with
cavities.

The filmis taped to the holder. Four mag-
nets attached to the holder enable the
holder to be pulled along the inside wall of

Film Taped
to Holder

Magnets

Figure 1. The Holder Is Made from simple,
readily available parts.

Magnets Outside
Workpiece

Film and Holder
Inside Workpiece

Figure 2. The Film and Holder Are Inserted
in the end of the duct and pulled along by
magnets on the outside.
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the workpiece by magnets that are moved
along the outside of the workpiece (see
Figure 2). On the way to the location to be
inspected, the holder is pulled up along a
duct, past a flow splitter, and into a shell.
The hinge at the front of the film holder
allows the film to pass by the splitter.

The outside magnets are released to
allow the holder to fall to the bottom of the
shell. The outside magnets are then moved
to grab the holder again, move it up the
sidewall of the shell, and then move it down
into the position for inspection. The hinge
enables the film to rotate into the required
position and orientation when the holder
reaches the end of the shell. The holder is
removed by reversing the foregoing se-
quence of motions.

This work was done by Darryl E. Pierce
of Rockwell International Corp. for Mar-
shall Space Flight Center. For further in-
formation Circle 104 on the TSP Request
Card.
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\FOR THE
TECHNICAL AGE.

Today’s industry is racing into the 21st century with sophis-
ticated technology that demands far more than conventional
lubricants can deliver. Now there’s a product which cleans
and protects as it lubricates. TFL-50® is so exceptional, it's
almost unfair to call it just a lubricant.

TFL-50 Dry is a stain and  TFL-50 Wet is an aggres-
liquid repellent. It dries on  sive corrosion fighter! Its
contact, leaving surfaces slick  deep penetrating action cleans
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tect surfaces from humidity, tant, TFL-50 Wet never breaks
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other
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inants.

™
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Teflon® is a registered trademark of E.I. du Pont de Nemours & Co., Inc., Wilmington, DE 19898.
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Remote-Manipulator Hand With Data-Processing Ability

An end effector contains electronics for processing sensory and control data locally.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A “smart” hand for a remote manipula-
tor not only senses forces acting on it and
detects the presence of objects in its im-
mediate vicinity but also processes the
sensory data and controls its gripping
claws. The hand thereby reduces the com-
putational load on the control computer of
the manipulator system.

The hand includes a wrist body and two
opposing jaws with sets of claws that mesh
with each other (see figure). Sensors in the
wrist measure forces and torques on the
hand in three orthogonal directions. Sen-
sors in the claws measure gripping forces.
Proximity sensors will be added to the
claws to detect objects at distances up to
at least 6.3 cm from the claw surfaces.
These sensors give information on the
distance of objects and provides the raw
data for computation of the position, orien-
tation, and velocity of the hand.

The grasping-force sensors on the jaws
are strain gauges connected in bridge cir-
cuits. Eight additional strain-gauge bridges
in the wrist measure forces and torque
there. The proximity sensing will be done
by light emitters and detectors arranged in
pairs over the hand. Light reflected by an
object from an emitter to a detector varies
with the distance of the object. The local
processor in the hand illuminates the emit-
ters in sequence and simultaneously reads
the digitized output of the corresponding
detectors in the pairs.

The analog signals from the sensors are
converted to digital signals and fed in paral-
lel to a local processor in the hand. This
processor puts the signals into serial form
and sends them, via a slipring, to a signal

Housing of Local Electronics
and Microcomputers

Claws

The Jaws of the Hand Open as wide as 8.8 cm. A brushless dc motor operates the claws
through a bevel-gear drive train and a pair of ball screws. The maximum grip force is 540 N, or

about 120 Ib.

processor on the stationary side of the
rotary wrist. The signal processor com-
putes parameters for the operator’s dis-
play. The processor also receives com-
mand signals from the control computer. It
interprets the coded commands, calcu-
lates the required hand response, and gen-
erates control signals for the dc motor that
drives the hand.

This work was done by Antal K. Bejczy,
Howard C. Primus, and Victor D.
Scheinman of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 7 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 305-6

California Institute of Technology

1201 East California Boulevard

Pasadena, CA 91125
Refer to NPO-16648, volume and number
of this NASA Tech Briefs issue, and the
page number.

Frequency-Domain Modeling of Dynamics of Helicopters
A comprehensive method combines and extends previous methods.

Ames Research Center, Moffett Field, California

A method for the identification, in the fre-
quency domain, of the parameters of math-
ematical models of the dynamical behaviors
of helicopters combines and extends sever-

62

al existing methods. The method focuses
on linear-state-space (stability-and-control-
derivative) models. Such models are need-
ed for the design of control systems by use

of state-space methods; for the detection
and correction of errors in, and the improve-
ment of, models used in simulations; and
for comparisons of the characteristics of
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wind-tunnel models with those of real air-
craft in flight.

The method combines the measurement
of frequency responses, calculation of
transfer functions from the measured fre-
quency responses, matching of frequency
responses, determination of the accuracy
of parameters of the mathematical model,
and determination of the structure of the
mathematical model, all as part of the com-
prehensive procedure illustrated in the figure.
The measurement data are obtained in flight,
then processed by advanced spectral
methods based on the chirp-Z transform
and concatenated/windowed time histo-
ries to obtain high-resolution and low-ran-
dom-error frequency responses within
each input-and-output pair. Multi-input/mul-
ti-output methods are available when si-
multaneous control excitations are present
and are not fully correlated. The resulting
nonparametric frequency-response func-
tions are presented as Bode plots of
magnitude (dB) and phase (degrees) ver-
sus logarithm of frequency.

The next step is transfer-function (para-
metric) modeling. Forms of appropriate
transfer functions are established through
visual inspection of the nonparametric fre-
quency responses and through analytical
modeling. A least-squares fitting routine is
then used to determine those parameters
in the transfer function parameters that
best fit the magnitude and phase charac-
teristics. The denominators of all of the
transfer functions are constrained to be
the same to ensure the physical consisten-
cy of the inherent (unforced) dynamics. No
attempt is made to ensure physical con-
sistency between the numerators of trans-
fer functions that contain redundant aerody-
namic information.

The leading coefficients in each transfer
function are the control derivatives, and
the equivalent time delays account for un-
modeled dynamics and pure time delays
inherent in the aircraft system. The results
of both the nonparametric identification
and the derived transfer-function models
are useful for analyses of handling quali-
ties, design of flight-control systems, and
validation of mathematical models used in
simulation.

The next step — inversion of the trans-
fer-function model — is used as a simple
startup procedure for the iterative stability-
derivative solution, and takes the place of
equation-error methods commonly used
for this purpose. For the inversion, a sim-
plified single-input/multiple-output formula-
tion based on the phase-canonical form of
the state-space equations has been found
to be satisfactory.

The next step is identification of the
stability deriatives. This is achieved
through iterative multi-input/multi-output
matching of the identified frequency re-
sponses with those of a linear mathemati-
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Tool Distributes Clamping Load

" Legs can be adjusted for contact with irregular surfaces.
N

John F. Kennedy Space Center, Florida

A tool distributes a clamping load stably
and fairly evenly among five clamping feet.
The tool was designed to stabilize and even
out the pressure applied to foam pads dur-
ing bonding and can also be used in other
situations where it is necessary tomaintain
fairly even clamping loads during fabrica-
tion processes.

The tool includes a central T-bolt clamp-
ing leg to which four side legs are attached
(see figure). Each side leg can be set and
held at any of several angles by a leg-latch
lever that is spring-loaded against a pin on

T-Bolt

Leg-Latch
Lever

Pivoting
Foot

Length
Adjuster

Five Clamping Feet, four of which are ad-
justable, distribute the clamping load and
maintain the clamping configuration dur-
ing adhesive bonding or a similar fabrica-
tion process. The tool can be used to clamp
nonflat as well as flat surfaces.

64

the leg. The length of the leg can be ad-
justed, and the foot at the lower end of the
leg pivots. With this combination of leg ad-
justments, the feet can be set in firm,
stable contact with a flat, curved, poly-
hedral, or irregular surface.

Tooling for Robotic Welder
A robot can obtain a welding tool and a position
reference quickly and automatically.

This work was done by Barry Wayne
Spencer of Lockheed Space Operations
Co. for Kennedy Space Center. For fur-
ther information, Circle 26 on the TSP Re-
quest Card.

KSC-11420

Marshall Space Flight Center,
Alabama

A torch tool and tool stand for a gas/
tungsten-arc-welding robot establish a re-
peatable tooling center point — that is, a
precisely defined location for the tip of the
tungsten welding electrode with respect to
the centerline of the weld. Multiple tools
and stands in the workspace also give the
robot access to a variety of welding torch-
es and reference positions. This feature
saves time and makes it unnecessary for
the operator to enter within the outer limit
of motion of the robot arm.

Each stand in the workspace is a per-
manent changing station for its tool. A
stand contains a tungsten tooling point that
defines the reference position of the tip of
the tungsten electrode (see figure). Thus,
when the robot arm arrives at the stand
and grasps the tool, the tool is preposi-
tioned for an accurate weld; no additional
calibration is needed.

The tool contains double-sealed quick-
disconnect fittings with provisions for
shielding gas, cooling water, and electrical
power. The robot can therefore quickly en-
gage a tool when it is ready to use the tool
and just as quickly disengage the tool
when it is finished.

This work was done by Jack L. Weeks of
Rockwell International Corp. for Marshall
Space Flight Center. For further informa-
tion, Circle 162 on the TSP Request Card.
MFS-29557
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Disconnect
Assembly

| srpereers T |
[ Lower Quick-Disconnect Assembly I

Welding
Torch

EOES

Tungsten

A

Tungsten Tooling Point é
Electrode % (S::t:'r;r:;e Z
I,

Stand

The Welding Torch Is Held in a rigidly
mounted stand. Quick-disconnect fittings
give access to water, gas, and power ports.
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Removing Bonded Integrated Circuits From Boards

A heater interposed between
chip and board softens the
bond to ease removal.

NASA'’s Jet Propulsion
Laboratory,
Pasadena, California

A small resistance heater makes it easi-
er, faster, and cheaper to remove an inte-
grated circuit from a hybrid-circuit board,
package, or other substrate for rework.
The heater, located directly in the poly-
meric bond interface or on the substrate
under the integrated-circuit chip, is ener-
gized when it is necessary to remove the
chip. The heat it generates softens the ad-
hesive or solder that bonds the chip to the
substrate. The chip can then be lifted easily
from the substrate.

Until now, a defective chip had to be re-
moved by brute force — that is, by prying it
away — or by heating it with a jet of hot air
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Figure 1. An Insulated Resistive Heating Element is embedded in the polymeric adhesive be-
tween an integrated-circuit chip and a die on which it is mounted.

Figure 2. A Pair of Probes applies current to the terminals of a resistive heating element em-
bedded in the adhesive in the manner shown in Figure 1. The heater softens the bonding ma-
terial so that the bladed tool at the right can lift the chip away.

to soften the bond. The brute-force method
can damage adjacent components as well
as the chip itself. A broken chip, of course,
makes the analysis of defects more dif-
ficult. The hot air can contaminate or
damage the chip or the adjacent circuitry
on the board.

An insulated nickel/chromium-alloy re-
sistance wire can be embedded in a ser-
pentine pattern in the polymeric adhesive
when the chip is attached to the substrate
(see Figure 1). If it becomes necessary to
remove the chip, a current of about 0.6 A
can be applied at 1 to 2 V to heat the
adhesive and soften it (see Figure 2). Alter-
natively, a thick-film resistive heating ele-
ment can be deposited as part of the
printed circuit on the substrate.

This work was done by John T. Rice of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 92
on the TSP Request Card.

NPO-17031

Cutting Symmetrical Recesses in Soft Ceramic Tiles
A tool makes smooth, rounded holes while protecting electrical leads.

John F. Kennedy Space Center, Florida

A simple tool cuts hemispherical re-
cesses in soft ceramic tiles. The tool is de-
signed to expose the wires of thermo-
couples embedded in the tiles without
damaging the leads. It creates neat, pre-
cise holes around the wires.

The tool is used in place of such tools as
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dental picks, tweezers, spatulas, and putty
knives, which were difficult and time con-
suming to use and produced rough, irregu-
lar recesses. Moreover, these other tools
sometimes damaged the wires, the tiles, or
both.

The tool consists of a three-flute hemis-

pherical cutting head in a sleeve (see fig-
ure). The depth of cut can be preset by ad-
justing the protrusion of the head from the
sleeve by tightening a pair of locknuts. An
axial hole in the cutting head accommo-
dates and protects the thermocouple leads
as cutting proceeds. The user simply posi-
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OPTICAL FIBER THERMOMETRY

Thin Film
Blackbody

Woiis YerRiad

A new way to measure and control temperature based

on 1st principle physics

Unbelievable measurement performance specs
- Resolution from .01°C to .00002°C (Believe it!)
- Range from 300°C to 3000°C

- Response 10KHz (100 micro-seconds)

- Drift <.1°C/year

- EMI Immunity

- Repeatability .01%

- Accuracy .2% @ 1000°C

Unbelievable PID control performance specs
- 70 Updates every second

16 Bit set point resolution

- 16 Programmable control segments
Analog or RS-232C output

Control performance demonstrated

to <+.05°C variation at 1000°C (Industrial furnace)

Unbelievable results (Obsoletes thermocouples and

conventional optical pyrometry)

- Improved thruput

- Improved product quality and consistency
- Energy savings

- Reduced maintenance requirements

BELIEVE |T ¢

Contact

Accufiber, Inc.

9550 S.W. Nimbus Ave.
Beaverton, OR 97005
(503)626-1700

FAX: (503)626-1711
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The End Mill Includes an Axial Hole to accommodate thermocouple wires embedded in the material to be cut. The wires pass into the hole

without being bent or broken. Dimensions are in inches.

tions the cutter over the leads and turns it
via a knurled knob at its outer end. The
flutes dig away tile material with every turn,
cutting deeper until the sleeve apron
touches the surface of the tile and prevents
further cutting.

If it is necessary to rework the tile at a
thermocouple location, the technician
loosens the locknuts, resets the cutter for
deeper penetration, retightens the lock-
nuts, and rotates the tool over the site. The
cutter then removes old material at the

site, exposing fresh thermocouple wires.

This work was done by Tony C. Nesotas
and Brent Tyler of Lockheed Space Opera-
tions Co. for Kennedy Space Center. No
further documentation is available.
KSC-11450

Improved Transparent Furnace for Crystal-Growth Experiments
"A very uniform coil spacing assures better visibility and control of conditions.
(N

Lewis Research Center, Cleveland, Ohio

A novel design and fabrication process
for a transparent crystal-growing furnace
have been developed. The spacing of the
heating coil is very uniform compared to
that of furnaces of other designs currently
in use. A typical furnace of the new design
consists of one or more heater zones in
which heating wire is coiled around the in-
sides of quartz tubes. An ampoule of ma-
terial is supported inside the furnace
(quartz tube/heater-wire assembly) by a
guide wire. A crystal is then grown, for ex-
ample, by directional freezing of the ma-
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terial in the ampoule. A distinct feature of
the use of quartz is the capability of direct
visual observation of the crystal-growth
process during an experiment. A study of
transparent electronic materials has been
conducted in the new furnaces.

In older transparent furnaces, the heat-
ing wires are wrapped around the outsides
of the quartz heater tubes (see figure).
Spacing dimples are used to maintain the
pitches of the heating coils. The disadvan-
tages of dimpling are that the dimpling
process is time-consuming and expensive,

and the distance between dimples is usual-
ly a good deal larger than the width of the
heating wire. Reduction of the dimple
spacing results in even more trouble and
expense. Also, dimples are easily broken.
To wind the wire around a dimpled quartz
tube, it is necessary to support the tube
while maintaining tension between the wire
and the tube. This tedious winding process
is usually done by hand because it is dif-
ficult to support the quartz tube in any sort
of vise or lathe and exert tension on it. The
dimpling design results in nonuniform coil
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Brass Mandrel
for Winding Coll
Heating

Wire

Heating Wire
Inside Tube

Wire Held Firm, Both Radially and
Axially, by Quartz Spacer Rods

HEATER MODULE — IMPROVED DESIGN

Slotted Quartz Spacer Rods (One of Three)
Holds Heating Coil in Place

1% in.

ASSEMBLY

Quartz Tube
Typical Diameter

Spacer Rods Held in Place
With Wire Ties Through
Six Pairs of Holes

HEATER MODULE — PREVIOUS DESIGN

Wire Loosens and Does
Not Remain Evenly Spaced

Brass Spacer Rod Temporarily
Holds Quartz Spacer Rods
Against Quartz Tube

Heating Wire Wrapped
Around Quartz Tube

The Configuration and Assembly of the old and new furnace designs are compared.

spacing which, in extreme cases, is mani-
fested by electrical short circuits between
turns of the heating wire. The nonuniform
spacing and shorting result in unpredict-
able temperatures, which adversely affect
the crystal-growth process.

In a furnace of the improved design,
slotted quartz spacer rods are used to hold
the heating coil accurately on the inside of
a quartz tube. Slots in the spacer rods are
easily made to very high precision by con-
ventional grinding techniques. This helps

maintain very accurate positioning of turns
of the heating coil. Amandrel is used initial-
ly to wind the heating wire around the
spacer rods. The mandrel is held in a glass-
working lathe. The speed of the lathe can
be adjusted down to a fraction of a revolu-
tion per minute. This enables very sensitive
and precise positioning of the heating wire
onto the mandrel assembly. Once the
heating wire has been completely wound,
the mandreliwire/rod assembly is removed
from the lathe and inserted in the quartz

tube. The spacer rods are then attached to
the quartz tube by wire ties at each end of
the rods, and the mandrel is withdrawn.
Combinations of these transparent quartz
heater tubes are used to construct multi-
zone crystal-growth furnaces.

This work was done by Bruce N.
Rosenthal, Steve White, and Joseph M.
Kalinowski of Lewis Research Center. No
further documentation is available.
LEW-14895

Fluid/Gas Process Controller

The “Super Burper” controls fill fluids and isothermality
during manufacture of heat-pipe devices.

Vi

Langley Research Center, Hampton, Virginia

During processing of heat-pipe devices,
or after burn-in, if unwanted noncondens-
able gas is present, purging is required.
Purging requires dumping the entire charge
(fill) and then refilling (reprocessing), a very
labor-intensive procedure. The fluid/gas
controller, or “Super Burper”, was de-
veloped to obtain precise fill quantities of
working fluid and noncondensable gasin a
heat pipe by incorporating a detachable
external reservoir into the system during
the processing stage.

The device consists of a flask reservoir
with vacuum connections for attachment
to a vacuum pump and to the heat pipe. A
heat pipe can be filled with precise quan-
tities of working fluid and noncondensable
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gas, and the procedure controlled accur-
ately. The temperature and pressure in the
reservoir are controlled to perform the in-
tended function. The required amount of
working fluid in, and the purging of unwant-
ed gases from, a constant-conductance
heat pipe, or the addition of a specified
amount of noncondensable gas to a vari-
able-conductance heat pipe can be con-
trolled much more precisely with this de-
vice than was previously possible. By use
of this in-situ heat-pipe-processing device,
the optimum fill amounts can be deter-
mined while the heat pipe is instrumented
and powered to perform at operating con-
ditions. Also, the controller decreases re-
work time considerably in the addition and/

or removal of working fluid and/or gas.

The controller simplifies the task of
processing any type of heat pipe to strin-
gent tolerances regarding isothermality.
The controller was used on the heat pipe of
the sideflow radiator panel at NASA Lang-
ley Research Center. The variation of tem-
perature changed from 12 °C, after initial
charge with methanol working fluid, to
1 °C, after implementation of the controller.
The application of this device is best suited
for high-quality, high performance heat
pipes. To date, this device has been suc-
cessfully implemented with various types
of heat pipes, including vapor chambers,
thermal diodes, large space radiators, and
sideflows.

This work was done by Sergio Ramos of
Hughes Aircraft Co. for Langley Re-
search Center. For further information,
Circle 36 on the TSP Request Card.
LAR-13955
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Making Nozzles From Hard Materials
Electrical-discharge machining forms interior and exterior contours and internal channels.

Lyndon B. Johnson Space Center, Houston, Texas

A proposed method of electrical-dis-
charge machining (EDM) would cut hard
materials like silicon carbide into smoothly
contoured parts. The concept was devel-
oped for the fabrication of the interior and
exterior surfaces and internal cooling
channels of convergent/divergent nozzles.

The method starts with a tubular section
of the material, which must be electrically
conductive. The tube is mounted on a fix-
ture that can be rotated at a controlled rate
in a wire-EDM machine. The wire can be
translated with respect to the axis of rota-
tion.

To cut the internal surface of a nozzle,
the wire is passed through the hollow cen-
ter of the tube. The tube is slowly rotated
while the energized EDM wire removes
material from the inside surface of the tube
(see Figure 1). The wire is positioned at the
precise skew angle 6 and offset x that will
yield the required hyperboloidal curvature
and throat diameter.

To cut the outside surface, the EDM
wire is repositioned outside the tube. It is
reset to give the required curvature and
wall thickness. The tube is once again ro-
tated, and the wire removes material.

Coolant channels are started from the
outer surface. The energized wire is drawn
inward until it reaches the desired position
of a channel — somewhere near the inner
surface (see Figure 2). The tube is then
rotated about the energized wire, which
cuts the channel. To maintain a constant
thickness between the channel and the in-
ner surface of the nozzle, the wire would be
set at the same skew angle used to shape
the internal contour. Variations in thickness
can be produced by varying the skew
angle. When the channels have been cut,
the entrance slots from the outer surface
are filled with a brazing alloy or other filler.

The method will be less costly than the
casting and grinding now used to shape

T
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Original

Symmetrical
Center of Cut

Hyperboloidal
Inner Surface
of Nozzle After
Cutting

Axial Hole

EDM
Wire

Throat
Radius x

Rotation

Figure 1. An Electrical-Discharge-Machining Wire at Skew Angle 8 creates a hyperboloidal
cavity in a tube. The wire is offset from the axis of the tube (and from the axis of rotation) by a

distance equal to the throat radius.

EDM|  starting
Wire

Channel

Figure 2. Maintaining the Same Skew An-
gle as that used to cut the hyperboloidal in-
ner surface but using a larger offset, a cool-
ing channel is cut in the material near the
inner hyperboloidal surface.

nozzles. In addition, it will be more precise,
will notintroduce residual stresses, and will
allow a more liberal choice of the shapes
and orientations of cooling passages. Also,
because the passages are not parallel to
the flow of hot gas in the nozzle, a blocked
passage is less likely to allow overheating.

In a variation of the method, the EDM
wire could be replaced by an electrically
heated wire for cutting large plastic molds
or forms. In other variations a vibrating
abrasive wire or a high-pressure water jet
would be used for cutting.

This work was done by Dennis L. Wells
of Johnson Space Center. No further doc-
umentation is available.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Johnson Space Center [see page
18]. Refer to MSC-21299
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Interfaces & Software

Hardware

IEEE interfaces for PC, AT, 386,
PS/2, Macintosh, HP, SUN & DEC.
Converters from IEEE to RS-232,
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Software
evice drivers for DOS,
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Drivers for Lotus 1-2-3 & Symphony.

Macintosh IEEE desk accessory.

PC menu-driven analysis.

Support

Free applications support.

30 day money-back guarantee.
Two year warranty.

IEEE seminars available.

Call for your FREE
Technical Guide

Demo disks & applicétion
notes available

A conceptual electro-optical shutter
subsystem would regulate the intensity of
light entering a video camera from a var-
iable-plasma-pulse-arc (VPPA) weld in
process. The camera would be part of a
video system that would enable a welding
technician to obtain a better view of the
weld bead and puddle in the light of the arc.
At present, the high intensity of light from
the arc requires optical filtering, which
restricts the technician’s vision.

The graph at the top of the figure shows
the relative amplitude and polarity of
welding current in a typical VPPA cycle.
The graph at the middle shows that the in-
tensity of light generated by this current is

Shutter for VPPA-Welding Vision System

Optical input would be regulated according to welding current. .

Marshall Space Flight Center, Alabama

approximately proportional to the magni-
tude of the current. The intensity during the
positive and negative current peaks would
overload the camera, “washing out” de-
tails of the weld bead. It is, therefore, nec-
essary to restrict viewing to intervals of low
illumination near the zero crossings of the
current.

In the proposed subsystem, an electro-
optical shutter would be placed between
the welding arc and a solid-state video
camera. The shutter would be controlled
by a signal from the VPPA-welding-control
console to open during the intervals of low
illumination and close during the positive
and negative current peaks. Alternatively,

Welding Current
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’ Time ———
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I
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The Electro-optical Shutter would be opened during the low-illumination viewing intervals
near the zero crossings of welding current, preventing overloading of the video camera.
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the control signal might be used as a bias
signal to turn off the camera during high il-
lumination. Thus, the camera would capture
the image of the weld bead during periods
of low illumination. The image would be
processed through a video processor and
displayed on a television monitor.

This work was done by Murray J. Lirette
of Martin Marietta Corp. for Marshall
Space Flight Center. For further informa-
tion, Circle 44 on the TSP Request Card.
MFS-28267

Multihole Arc-
Welding Orifice
A simple modification of the

welding torch improves "
the quality of welds. [
Marshall Space Flight Center,
Alabama

A modified orifice for variable-polarity
plasma-arc welding directs the welding
plume so that it creates clean, even welds
onboth Inconel* and aluminum alloys. The
orifice differs from its predecessor in that it
contains eight additional holes evenly

spaced in a circular pattern around the
central hole (see figure).
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Dec. 31, 1989
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The Modified Orifice of the Welding Torch,
shown here in cross section, includes eight
holes to relieve the back pressure in the
plasma. The quality of welds on ferrous and
nonferrous alloys is improved as a result.
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Remote Visual Inspection (RVI)
with Olympus rigid and flexible
scopes lets you see magnified,
brilliantly lighted images inside vessels
under vacuum or high pressure. You

will be able to observe and record objects
and phenomena, at close range, that

you never could before.

Pressures as high as 2,250 psi (155bars).
Vacuums to 10°® tors and ultrahighvacuums
to 10°tors.Temperatures to1000°C.

Integrated illumination. Fiberoptic
light guides inside scopes carry cool,
brilliant illumination to the site. Lighting is
even and high Kelvin temperature. Strobe
light, ultraviolet, infrared and other special
wavelengths are also available.

Image analysis. Scope images can
be seen on a video monitor for obser-
vation by groups and for documentation.
Olympus systems let you digitize color
images and perform analysis, including
measurement to one part in 1024, gray
scale histograms, image enhancement,
particle counts, area calculations, and
much more.

Gimballed access port lets you
insert the rigid scope deep or shallow
and sweep through a wide arc for
complete scanning of chamber.

For more information, write or call today.
Olympus Corporation,
Industrial Fiberoptics Division,

4 Nevada Drive, Lake Success, NY 11042
516-488-5888, FAX 516-222-0878.

OLYMPUS
INDUSTRIAL
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RVI we've made it a science

The holes, each 0.015in. (0.38 mm)in di-
ameter, are drilled with their centers 0.060
in. (1.52 mm) from the edge of the central
hole and at a 5° angle toward the center.
They eliminate the deflection of the arc
caused by the back pressure of the plasma
in the torch. Previously, the deflection pro-
duced a cutting action that sometimes
weakened one side of a weld.

The holes also make it unnecessary to
rotate the welding torch. Previously, rota-

tion of the torch was the generally ac-
cepted way to correct the alignment of the
arc.

**“Inconel” is a registered trademark of the
Inco family of companies.

This work was done by Benji D. Swaim
of Martin Marietta Corp. for Marshall
Space Flight Center. No further docu-
mentation is available.

MFS-28322

Oxygen-Free Rinse Water for Electroplating
Deionized water through which nitrogen has been bubbled

promotes a strong plated-metal bond.

o

Marshall Space Flight Center, Alabama

The removal of dissolved oxygen from
deionized rinse water improves the bond
between electroplated metal and the base
metal. The oxygen is removed by bubbling
nitrogen through the rinse water before it is
used.

It is common practice in the electroplat-
ing industry to keep a metal workpiece im-
mersed in water between electroplating
steps to prevent oxygen atoms in the air
from combining with some of the atoms on
the surface of the metal. Even a thin oxide
layer can adversely affect the quality of the
bond between the base metal and the
electroplate.

Deionized rinse water ordinarily con-
tains a small amount of dissolved oxygen

that can oxidize the base metal during a
long immersion. Accordingly, electroplated
parts for critical applications are customar-
ily allowed to remain in deionized rinse
water no longer than 55 seconds before
being transferred to the next plating opera-
tion. However, in deionized water that has
been purged of oxygen by bubbling of nitro-
gen, parts have been immersed for as long
as 10 minutes without degradation of the
bonds formed in subseguent plating.

This work was done by Ronnald
Bodemeijer and Peter R. Newton of
Rockwell International Corp. for Marshall
Space Flight Center. No further docu-
mentation is available.

MFS-29516

Acid Test for Annealing of Welds

A solution changes color if the heat-treated

condition has been lost.

Marshall Space Flight Center, Alabama

A simple test indicates whether a weld-
ed joint has retained its postweld heat-
treated condition after reworking, including
rewelding and grinding. The test can be
used instead of the usual Rockwell or
Brinell hardness tests when the reworked
surface is inaccessible to the hardness-
testing apparatus or when the small sur-
face imperfections created by the ap-
paratus are unacceptable.

The new test begins with the application
of an oxalic acid etching solution to the
reworked surface. If the solution retains its
black color, the welded area is still in the
heat-treated condition. However, if the color
changes to brown, the surface has been
annealed by reworking and may need tobe
heat-treated again.

This work was done by Gary E. Deese
and Joseph P. Ellgass of Rockwell Interna-

tional Corp. for Marshall Space Flight
Center. No further documentation is avail-
able.

MFS-29598
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Reinforced Honeycomb Panels
Lightweight reinforcement applied during fabrication helps panels resist buckling and bending. "

e S e S B . T T L e e S e R A R R T T AT T T T T ‘
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A new honeycomb panel structure has
increased strength and stiffness with little Single-Thickness
increase in weight. In the new structure, Walls
some or all of the walls of the honeycomb
cells are reinforced with honeycomb pan-
els that have smaller cells, lightweight
foam, or other reinforcing material (see fig-
ure).

The reinforced honeycomb is made, for
the most part, by conventional fabrication
techniques. However, strips of the reinforc-
ing material are first bonded to the strips of
the wall material to form reinforced cell-
wall panels. The panels are then incorpor-
ated into the honeycomb structure by the
usual adhesive-joining, pressing, and cel- | ORDINARY (UNREINFORCED)
opening operations. HONEYCOMB CELL WALLS

An experimental version of the rein-
forced foam had 50 percent more com-
pressive strength, 50 percent more shear
strength along one axis, and 30 percent
more shear strength along ancther axis
than did the unreinforced version, with no
increase in weight. The strong, lightweight
reinforced panels could be used in aircraft,
car and truck bodies, cabinets for equip-
ment and appliances, and buildings. %-SANDWICH HONEYCOMB

This work was done by Balakrishna T. CELL WALLS
Bhat, Wesley Akutagawa, Taylor G. Wang,
and Dan Barber of CaltechforNASA’s Jet  Honeycomb Cells can be partially or fully reinforced with lightweight foam. The reinforce-
Propulsion Laboratory. For further infor- ment adds little to the weight of a honeycomb panel.
mation, Circle 165 on the TSP Request
Card. NPO-17538

Reinforcing
Material

Double-Thickness Wall
(Two Single-Thickness
Walls Joined Together)

Y2-SANDWICH HONEYCOMB  FULL-SANDWICH HONEYCOMB
CELL WALLS CELL WALLS

Insulated Honeycomb
The flow of heat through the honeycomb is reduced.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A proposed insulated honeycomb struc-
ture (see figure) would be similar to the re-
inforced honeycomb structure described in
the preceding article. Panels of insulated
honeycomb could be used to make sup-
ports for solar-energy collectors and radar
antennas.

The insulating material could be light-
weight foam, “microhoneycomb” filled
with foam, or foam laminated between
sheets, for example. The insulated honey-
comb would be made similarly to rein-
forced honeycomb. Strips of insulating ma-
terial would be affixed to the walls of the
honeycomb cells prior to the conventional
steps for the fabrication of uninsulated
honeycomb. : Insulating Strips could be applied to the walls of honeycomb cells in single or double thick-

This work was done by Balakrishna T.  nesses. The thermal conductivity across each wall would thus be reduced.

Bhat of Caltech for NASA’s Jet Propul-
sion Laboratory. For further information,
Circle 1 on the TSP Request Card.
NPO-17539
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Microsandwich Honeycombs
Fillings of foam and microspheres can increase the strengths of honeycomb panels.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

In a new type of honeycomb panel called
“microsandwich honeycomb,” the walls

are filled with solid plastic foam reinforced
with microspheres. Microsandwich honey-
combs can have compressive and shear
strengths 50 to 70 percent greater than
those of conventional, unfilled honey-
combs of comparable dimensions and den-
sities.

Conventional honeycomb panels, con-
sisting of metal-foil walls bonded together
in honeycomb patterns, are notoriously
prone to bending and buckling. The foam
and hollow microspheres add little to
weight but increase strength substantially.
They would be useful in aircraft, automotive,
and marine structures in which high strength
and low weight are important.

In a filled wall of a typical microsand-
wich honeycomb, metal-foil facings en-
close the foam/microsphere filling. The mi-
crosandwich concept can be applied to
only the “free” walls of the honeycomb
(half microsandwich), to the free walls and
double thicknesses on the nodes (full mi-
crosandwich), or to single thicknesses on
free walls and nodes (three-quarter micro-
sandwich) (see figure for definitions).

In a demonstration of the effectiveness
of the sandwich structure, a polymeth-
acrylamideimide foam was sandwiched
between sheets of paper and used for the
free walls of a honeycomb. It was com-
pared with a honeycomb in which paper
was glued to the foam on one side only to
eliminate the microsandwich effect. The
paper/foam/paper honeycomb had a com-
pressive strength of 0.43 MPa and a shear
strength of 0.21 MPa. The paper/foam
honeycomb was much weaker; it had a
compressive strength of 0.165 MPa and a
shear strength of 0.12 MPa.

A sandwich composed of metal foil, plas-
tic foam with metal microspheres or other
foams, and metal foil would make honey-
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Microsandwich Honeycombs can take several cross-sectional forms. A conventional metal-

foil honeycomb is shown for comparison.

combs that have strengths greater than
those of their metallic counterparts. The
sandwich could be manufactured by feed-
ing sheets of foil from opposing rollers, pour-
ing foaming constituents and/or micro-
spheres into the narrow void between the
sheets, and rolling the sheets together.
This work was done by Balakrishna
Bhat, Tim O’Donnell, and Taylor Wang of
Caltech for NASA’s Jet Propulsion Lab-

oratory. For further information, Circle 134
on the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, NASA’s Resident Office-JPL [see
page 18]. Refer to NPO-17595

Pulsed Molecular Beams for Growth of InAs on GaAs
Pauses for annealing reduce the number of defects.

NASA's Jet Propulsion Laboratory, Pasadena, California

A deposition process that includes pulsed
molecular beams produces high-quality
epitaxial layers of indium arsenide (InAs)on
gallium arsenide (GaAs) substrates. The
layers can be made as much as 30 atoms
thick without introducing excessive num-
bers of dislocations, despite the 7.4-per-
cent mismatch between InAs and GaAs
crystal lattices. The layers therefore offer

76

superior electrical properties in such
devices as optically addressed light mod-
ulators, infrared sensors, semiconductor
lasers, and high-electron-mobility transis-
tors (HEMT's).

Pulsing the beam gives newly deposited
material time for annealing between pulses.
During annealing, roughness on the sur-
face disappears so that the material

presents a smooth surface for the next
layer. With fewer discontinuities toserve as
sites for dislocations, the material de-
posited by the next pulse of molecules also
tends to contain fewer imperfections.

A beam pulse lasts a few seconds —
long enough to deposit ¥4 to 2 atomic
layers of InAs on the GaAs substrate. A
slight excess of indium is provided in the
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beam to ensure high migration rates in the
film — and rapid smoothing — after the
beam has stopped. During the off period,
arsenic gas surrounding the film combines
with the excess indium so that the film in-
corporates indium and arsenic in the
stoichiometric proportions essential for
good electrical properties.

A reflectance high-energy electron dif-
fraction (RHEED) instrument monitors the
surface of the wafer during the process.
The annealing process requires from a few
seconds to 2 minutes. When the RHEED
specular reflectance reaches a maximum,

annealing is complete. At that point, the
molecular-beam epitaxy with indium and
arsenic beams is resumed and another
pulse of molecules impinges on the sub-
strate. The cycle is repeated until an InAs
layer of the requisite thickness has been
deposited.

The pulsing/annealing technique re-
duces the variations in the thickness of
strained quantum wells, yielding interfaces
of better quality — a further benefit with
respect to electrical performance in semi-
conductor devices. The technique is ap-
plicable to other epitaxial systems in which

lattices are highly mismatched: GaAs on
Si, InAs on Si, and AlAs on GaAs, for exam-
ple.

This work was done by Frank J.
Grunthaner of Caltech for NASA’e 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's Resident Office-JPL [see
page 18]. Refer to NPO-17723

Delayed Shutters for Dual-Beam Molecular Epitaxy
RHEED monitors and is used to control the proportions of elements.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A system of shutters for a dual-molec-
ular-beam epitaxy apparatus delays the
start of one beam with respect to another.
Used in pulsedbeam equipment for the
deposition of low-dislocation layers of InAs
on GaAs substrates, the system delays the
application of the arsenic beam with re-
spect to the indium beam to assure the
proper stoichiometric proportions on the
newly forming InAs surface.

A reflectance high-energy electron dif-

fraction (RHEED) instrument is used to
monitor the condition of the evolving sur-
face of the deposit. The RHEED signal is
used to time the pulsing of molecular
beams in a way that minimizes the density
of defects and holds the lattice constant of
InAs to that of the GaAs substrate.
Deposition is alternated with annealing
in a cyclic process like that described in
the preceding article, “Pulsed Molecular
Beams for Growth of InAs on GaAs”

(NPO-17723). After the annealing portion of
the cycle, the surface reverts to an arsen-
ic-stable condition in which a monolayer of
arsenic accumulates on the surface.
Therefore, the indium shutter is timed to
open first and to remain open by itself until
the In consumes the starting layer of As.
The arsenic shutter is then opened also,
and indium and arsenic are deposited on
the surface together — this time with a
slight excess of indium. After a few sec-
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onds, both shutters are closed so that the
new film can anneal. The completion of an-
nealing is monitored by RHEED. The cycle
then begins again.

This work was done by Frank J.
Grunthaner, John L. Liu, and Bruce Hancock

of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
127 on the TSP Request Card. :

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

license for its commercial development
should be addressed to the Patent
Counsel, NASA's Resident Office~JPL [see
page 18]. Refer to NPO-17724

Optoelectronic System Would Measure Profiles of Welds
Less inspection time and effort would be required.

Marshall Space Flight Center, Alabama

An optoelectronic system undergoing
development at Marshall Space Flight
Center is intended to measure the critical
dimensions of a weld during the welding
process. Until now, such a measurement
has required the removal of the workpiece
from the welding fixture for a time-consum-
ing post-weld inspection. The new system
could not only save considerable inspec-
tion time but could also enable the welding
technician to make corrections during the
welding process to bring a nonconforming
weld back within specifications. Because
the measurements would be taken without
removing the workpiece from the welding
fixture, it would not be necessary to
reinsert and realign the workpiece to make
a correction.

The system would provide data on the
height of the surface at sampling points
along cross-weld sampling lines spaced at
intervals of 0.1 in. (2.54 mm) along the weld.
Each sampling line would be formed by
projecting a laser beam across the weld
immediately behind the weld puddle. A
charged-coupled-device video camera
would view the sampling line and transmit
the image to image-processing and display
equipment.

The processor would translate the sam-
pled data from the image into data on the
profile of the weld bead. In addition, it
would calculate measures of the underfil,
depth and width of undercut, peaking, mis-
match, and symmetry and centering of the
weld bead (see figure). The system might

also be made to examine the coincidence
of the second welding pass with the first
welding pass (seam tracking). The one-di-
mensional accuracy of a laboratory ver-
sion of the system is 0.001 in. (0.025 mm);
the accuracy of a practical version is ex-
pected to be close to 0.005 in. (0.13 mm).

This work was done by C. B. Dikinson
and J. B. Hunt of Martin Marietta Corp. for
Marshall Space Flight Center. For fur-
ther information, Circle 63 on the TSP Re-
quest Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 18].Refer to
MFS-28385

y

Sampling Points
A

3

4 5 6 7

9 17

8 18

1011 12 13 14 1516

9 20 21 22 23 24 25

Parameter Defining Equation
Width of Weld Bead X19—-X7
Underfill 7 +y19)/2-y13
Centering of Bead (x18—xg)2
Depth of Left Undercut Y7-Y10
Depth of Right Undercut ¥Y19—-Y16
Width of Left Undercut X11—X8
Width of Right Undercut X18—X15

Mismatch

[y1 —y7) = (v19 —y28))/2

Symmetry of Weld Bead

(v13-v12) - (v13-v14)

Peaking (Dihedral Angle Between Welded Plates)

tan = 1[(y7 —y1)/(x7 —x)] - tan = 1[(y25 — y19)/(x25 — x19)]

The Height of the Surface (y) is measured as a function of position across the weld (x) at the numbered sampling points immediately after the
initial welding pass. The x and y coordinates of the samples are then used to calculate parameters of the weld. Similar measurements can
also be taken of the preweld fitup and the final welding pass.
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Artificial Intelligence Controls Tape-Recording Sequence
Scarce recording space is allocated optimally.

NASA's Jet Propulsion Laboratory, Pasadena, California

A developmental expert-system com-
puter program is intended to schedule the
recording of large amounts of data on a
limited amount of magnetic tape. Although
designed primarily for use on the Voyager
Spacecraft, the program is also applicable
to planning and sequencing in industry; for
example, in the scheduling of shipping con-
tainers or freight cars.

In the spacecraft application, data are
recorded on tape when there is a need for
subsequent or protectively redundant
transmission or retransmission. The know-
ledge base of the program incorporates
the expertise of a skilled sequence planner
so that the recording sequence can be
automated to minimize the cost, allocate
the scarce tape recording medium op-
timally, preserve the recorded data until
they are no longer needed, and standard-
ize performance.

The program schedules recording using
to two sets of rules. The first set of rules in-
corporates knowledge of the locations for
the recording of new data and includes
rules, such as the following:

1. New data can be recorded over old data
only if the old data have already been
played back.

2. To reduce the complexity of playback,
similar types of data must be recorded
contiguously.

3. Engineering data from fault-protection

algorithms are always recorded on tracks
seven and eight, and other data are
recorded on these tracks only when all
the other tracks are full. When other data
must be recorded on these tracks, it is
with the understanding that they could be
overwritten at any time prior to playback.
Therefore, the data with the lowest priori-
ty will be selected for recording on these
tracks.

4. Data from a single image are always
recorded on a single track. (If animage is
recorded across the end of one track and
the beginning of the next track, a wide
horizontal band will be missing from the
image at the change in track.)

5. New data should be recorded over data
that have been played back least recent-
ly, so that if transmission is poor during
the first playback it is possible to request a
second playback of any data still on tape.

The second set of rules incorporates
knowledge about issuing commands to the
recorder, such as the following:

1. Commands should never be issued dur-
ing turaround at the beginning or end of
the tape because these commands will
be ignored. In the event of doubt, redun-
dant commands can be issued.

2. The tape should never be left in one posi-
tion for more than one month. If no re-
cording takes place during a month, the
tape should be run from end to end.

The knowledge base is programmed by
use of a commercial expert-system shell.
The inference engine of the shell reasons
by backward chaining to produce a goal-
driven search for applicable constraints.
These constraints are then used in con-
junction with information on data segment
size to find a location on the tape at which
the data can be recorded.

Input to the program consists of a list of
new data (including preferred or default
locations for certain items), a list of items
and locations currently on the tape, and a
list of items that have been played back.
Qutput from the program can take the form
of either a sequence or a specification of
problems that prevent a sequence from
being generated. Examples of such prob-
lems include requests to delete certain
items from the list because of insufficient
space on the tape, or requests to relax cer-
tain constraints based on the output of a
knowledge source that prioritizes the con-
straints and selects those with the lowest
priority for relaxation.

This work was done by Ursula M.
Schwuttke, Roy M. Otamura, and Lawrence
J. Zottarelli of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 27 on the TSP Request Card.
NPO-17700

Simulation of Combat With an Expert System

A proposed system would give combat-game players qualitative analyses.

NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed expert system would pre-
dict the outcomes of combat situations.
Called “COBRA" (combat outcome based
on rules for attrition), the system would se-
lect rules for the mathematical modeling of
losses and discrete events in combat ac-
cording to previous experiences.

Unlike presently available simulation
systems, COBRA would handle a broad

NASA Tech Briefs, November 1989

spectrum of cases, would require less
knowledge of simulation models on the
part of users, and would consider other
factors in addition to attrition in determin-
ing outcome. It would ensure reasonable
simulation results, assess missions, and
simplify postsimulation analyses.

Although COBRA is intended for the sim-
ulation of large-scale military exercises, the

concepts embodied in it have much broad-
er applicability. In industrial research, for
example, knowledge-based systems would
enable qualitative as well as gquantitative
simulations.

COBRA would be used with another soft-
ware module known as the “Game” (see
figure), which would move units around the
battlefield and determine when they have
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The Game/COBRA Software System, consisting of the Game and COBRA modules, would provide for both quantitative aspects (i.e., detailed
losses) and qualitative aspects (discrete events and decisions) in simulations of battles.

entered the combat zones of enemy units.
The Game would then invoke the COBRA
module and give COBRA data on the units.
COBRA would predict the way the engage-
ments should unfold and would record the
rules it used in arriving at its prediction. The
specific rule trace would be used by the

players for analyzing the results.

The prediction of COBRA would hold un-
til a player — human or automated — in-
tervened or until the end of the engage-
ment. At least a few such interventions are
likely — the arrival of new forces, changes
of mission, or air strikes, for example —

and the Game would recall COBRA for a
new prediction at each. The Game would
calculate losses and report to the players.

This work was done by J. P. Provenzano
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
9on the TSP Request Card. NPO-17720
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Cleaning Animals’ Cages With Little Water

Freezing and thawing may save energy and time.

Marshall Space Flight Center, Alabama

A proposed freeze/thaw method for
cleaning animals’ cages would require little
extra weight and consume little power and
water. The cleaning concept was devel-
oped for maintaining experimental rat
cages on extended space missions. It is
adaptable as well to similar use on Earth.
The proposed method would reduce clean-
ing time. It would make use of such already
available facilities as refrigerator, glove
box, and autoclave.

Each cage has a wire-mesh floor through
which rat feces and urine pass into a litter
pan. Some of the waste gradually accumu-
lates on the wire-mesh floor and adheres to
it. From time to time, it is necessary to re-
place the dirty floor with a clean one from
storage. Because the feces adhere strong-
ly to the dirty floor, the conventional prac-
tice has been to clean the dirty floor with a
blast of steam.

In the new cleaning method, the attend-
ant would first place the dirty floor in a
bag, then in a freezer at a temperature of

—80°C. After waiting long enough for
equilibration at the low temperature, the at-
tendant would remove the bagged floor,
place it in a glove box, and cut a hole in the
bag to admit warm, humid air.

Water vapor would enter the micro-
scopic pores of the feces, condensing in
the pores and on the floor as liquid water
and ice (see figure). The combination of the
formation of ice crystals and hydrolysis by
condensed water would weaken the ad-
hesive bonds within the feces and between
the feces and the floor. The attendant
would then remove the loosened feces by
blasting them with air while vibrating the
floor or by applying an expanding foam.

It may be necessary to heat the floor
(possibly in an autoclave) to remove solidi-

Feces

Mixture of Water and Organic
and Inorganic Solutes
R S e S S S N NSO A N

Floor
1. INITIAL CONDITION AT AMBIENT TEMPERATURE

Much Water
Evaporates,

Forming
Essentially a
Protein Glue

...........................

Protein Glue
2. DRYING AT AMBIENT TEMPERATURE IN CAGE

““ice Crystals
Heave Feces and

OO OGO

3. FREEZING

Water Vapor.
Enters Feces

..........

Condensed Water
Dissolves Glue

4. BEGINNING OF THAW

lary Condensatiol

Feces Swell Ambient Water Vapor
With Water Continues Until
and Adhesion Saturation at
Weakens ' Ambient Temperature

5. CONTINUED WARMING

Air

/] \\

Feces and Water Duslodged
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6. VIBRATION AND BLASTING WITH AIR

Rat Waste Adheres to the steel-wire-mesh floor of a cage. The feces are removed by the
loosening action of a freezing-and-thawing process, followed by a blast of air.

fied lipids. However, water would probably
not be needed. A degreaser and/or disin-
fectant could be included in the foaming
agent or added to the bag in the glove box.

This work was done by Benjamin J.

Harman of The Boeing Co. for Marshall
Space Flight Center. For further informa-
tion, Circle 48 on the TSP Request Card.
MFS-28275

Microencapsulation of Living Cells

¥

NASA'’s Jet Propulsion Laboratory, Pasadena, California

In an experimental technigue, living
cells and other biological materials can be
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encapsulated within submillimeter-diame-
ter liquid-filled spheres. The sphere materi-

Walls selectively pass molecules, keeping out harmful substances.

al is biocompatible, tough, and compliant.
It is semipermeable, permitting relatively
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SPECIAL REPORT

The Science of Range-Doppler Imaging

Fundamental range-Doppler radar
imaging methods developed at ERIM are
providing new capabilities in a variety
of applications.

Range-Doppler Imaging

Fine Resolution microwave or laser
images of objects which are rotating with
respect to the radar system can be
formed using the principles of
range-Doppler imaging. Range resolution
for such a system is provided by ranging
with wideband waveforms subjected to
pulse compression to accurately
measure distance to the scatterers of
interest. Cross-range, or azimuth,
resolution is provided by performing
Doppler-frequency spectral analysis
(FFT) within range bins. Signals with
higher Doppler frequency content are
associated with scatterers of greater
line-of-sight velocity which in turn
implies increasing cross-range offset
from object center. Display of the range
bins and Doppler-frequency cells within
range bins in a rectilinear grid results
in a reflectivity image of the rotating
object or scene.

With this approach, finer azimuth
resolution is obtained by performing
the Doppler spectral analysis over
increasing time intervals. However, as

one strives for finer resolution, the
integration time can become so long
that individual scatterers begin to move
through the image resolution cells that
one is attempting to form. In such a case
the resultant image quality actually
degrades with increased integration time.

Polar-Format Algorithm

A number of image-formation algorithms
have been formulated to compensate
for the effects of motion through cells
during the integration period. The
Polar-Format Algorithm, developed at
ERIM for use with our ground-based and
airborne imaging radar systems, has
become widely noted as an extremely
powerful, yet elegantly simple and
efficient method of overcoming these
previous limits of imaging capability. The
images below show a Volkswagon and its
associated microwave range-Doppler
image processed using the Polar-Format
algorithm. This image was produced
using the ERIM ground-based,
range-Doppler imaging facility.
Applications

Fine-resolution range-Doppler imaging
is applicable to a number of situations,
including space object imaging (SOI),
Inverse Synthetic Aperture Radar (ISAR),
and Spotlight-mode SAR for airborne

imaging of ground scenes. In principle,
the approach is suited to both optical
and radar wavelengths. Also, the theory
has been extended to allow for three-
dimensional imaging of objects given
suitable signal collection configurations.
The Environmental Research Institute of
Michigan (ERIM) is a scientific research
institute that performs contract research
services for a variety of sponsors. Our
sponsors include government
organizations, industry, and universities.
Research at ERIM focuses upon remote
sensing systems, devices, and techniques
that span the electromagnetic spectrum.
Within this broad research area, staff
members employ their knowledge of
modern electronics, optics, computer
science, and infrared and microwave
physics.

Career Opportunities

ERIM’s Sensor Systems Division has
immediate opportunities for Research
Engineers and Scientists who possess
one or more of the following skills:

» Real-time embedded systems

« Software simulation/modeling
« Software systems engineering
« Digital signal processing

« Kalman filtering

« Navigation systems software

All positions require a B.S., M.S. or
Ph.D. in electrical engineering, physics,
computer science or mathematics, and
some relevant experience (2-5 years
desirable).

If qualified, please send your resume

to ERIM, Human Resources
Manager— NT1189, PO. Box 8618,
Ann Arbor, MI 48107-8618. Ask about
positions available in Ann Arbor, MI;
Los Angeles, CA; Fort Walton Beach, FL;
Washington, DC and Dayton, OH.

U.S. Citizenship Required; Equal Opportunity Employer



small molecules to move into and out of the
sphere core but preventing the passage of
large molecules.

A promising application for the tech-
nique would be in the treatment of dia-
betes. In diabetes patients, the islets of
Langerhans can no longer generate insu-
lin. In principle, diabetes could be correct-
ed by injecting the islets from another
source, such as human donors or pigs, for
example, but the human immune system
would destroy the foreign cells. If, however,
replacement islet cells were encapsulated
in the semipermeable spheres, insulin
could readily pass from the cores, and nu-
trients could pass into them. At the same
time, antibodies, which are large, would be
kept out of the cores so that the cells are
protected from the immune system of the
host and could live indefinitely in the body.

The new technique promises to make
such spherical capsules at high rates and
in uniform, controllable sizes. The capsules
could be injected into a patient through an
ordinary hypodermic needle. It might also
be used to encapsulate pituitary cells and
thyroid hormone adrenocortical cells for
treatment of other hormonal disorders, to
encapsulate other secreting cells for trans-
plantation, and to package a variety of
pharmaceutical products and agricultural
chemicals for controlled release.

The cells to be encapsulated are sus-
pended in a solution of sodium alginate,
and the liquid mixture is forced through a
fine orifice, forming a jet (see figure). The
jet spontaneously breaks up into droplets.
To ensure that the droplets are uniform in

Gauge
Gas Nozzle
Supply Assembly
—_—
Pressure
lat
g ] Hardening b
e o Solution s { Droplets
'
Liquid Mixture t
To Be PR | E— Petri Dish
Encapsulated ——~iwmp
% ™~ Stainless-Steel Capsules
& Beaker

The Experimental Apparatus for Making Capsules is simple. The pressurized liquid is
sprayed through a nozzle. The surfaces of the droplets thus formed harden in the petri dish.

size, the jet is vibrated at a frequency
chosen to overwhelm random fluctuations
that would lead to a dispersion of sizes. The
droplets fall into a shallow container of
Chitosan (or equivalent) solution, which
solidifies the surfaces of the droplets, form-
ing & strong, tough skin. (Chitosan is a prod-
uct of deacetylation of chitin and resem-
bles cellulose structurally except that
some of the hydroxyl groups have been re-
placed by amine groups.)

The diameter of the droplets is deter-
mined by the diameter of the orifice, the
speed of the jet, and the frequency of the
vibration. At a speed of a few hundred cen-
timeters per second, capsules of 300-um
diameter are produced. One jet can gener-
ate several thousand capsules per second.

This work was done by Manchium Chang,

James M. Kendall, and Taylor G. Wang of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 73
on the TSP Request Card.

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

Edward Ansell

Director of Patents and Licensing

Mail Stop 301-6

California Institute of Technology

1201 East California Boulevard

Pasadena, CA 91125
Refer to NPO-17434, volume and number
of this NASA Tech Briefs issue, and the
page number.

Books and Reports

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

Effects of Vibrations on
Grasp Control

Vibration can be a powerful
and specific stimulus to low-
level reflex behavior.

A report describes experiments on the
interactions between human operators
and a hand control device for the control of
the extent of opening and the gripping
force of a remote gripper. The major pur-
pose of this study was to determine the ef-
fects of vibrations in the device upon the
ability of the operators to control the grip-
ping force.

The control device includes a force-and-
position-reflecting trigger mechanism in a
housing that fits comfortably in the opera-
tor's hand. The opening of the jaws of the
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gripper is fed back to the operator’s hand
via the position of the trigger. The position
feedback is provided by a dc motor, lead-
screw drive, and servoelectronics and
computer programs. The gripping force is
fed back to the operator's hand by a mech-
anism that tilts the trigger proportionally.
The control signal is the force applied by
the operator's finger to the trigger. This
force is measured by a strain-gauge
bridge, digitized, and sent to the control
system of the gripper motor.

The experiments measured two charac-
teristics: the ability of each operator to
maintain a constant gripping force and the
ability of the operator to produce a speci-
fied force as quickly as possible in re-
sponse to a flashing light. The operator
viewed a bar-height display of the gripping
force. To characterize the dynamic per-
formance, the experimenters measured
the rise times and overshoots of the opera-
tor's responses. Measurements were
taken with and without superimposing vi-
brations on the trigger via the force-reflect-
ing mechanism.

The experiments revealed biomechani-
cal cross coupling between the force-
reflecting tilt of the trigger and the control-

force sensor through the operator. For
some operators, this cross-coupling result-
ed in oscillations at a frequency of about
1.3 Hz. The oscillations were suppressed
when the force-reflecting gain was re-
duced to less than half its full-scale value.

The experiments also revealed a slow-
ing of the dynamic force-tracking response
when vibrations at a frequency of ~300 Hz
were included in the position feedback of
the trigger. These vibrations provoked a re-
flexive short-term extension of the finger.
Although the extension was reduced in ex-
perienced subjects, it remains a significant
property of the grasping behavior of
humans. While this phenomenon may be
detrimental to the rapid application of force
commands, it could be used beneficially in
the design of controls to provide warning
signals that would prevent operators from
commanding excessive (or perhaps insuf-
ficient) forces.

This work was done by Blake Hannaford
and William H. Rosar of Caltech for
NASA’s Jet Propulsion Laboratory. 7o
obtain a copy of the report, “Some Effects
of Mechanical Vibration on Grasp Control,”
Circle 28 on the TSP Request Card.
NPO-17698
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New on the Market

[ TRANSLS, a data conversion utility |

that allows information to be shared
between dissimilar computer
systems, is now available from

DAISy, a computerized flow mea-
surement system from Analytical
Services and Materials Inc., Hamp-
ton, VA, identifies and demarcates
regions of flow separation, reattach-
ment, stagnation, and laminar-to-
turbulent transition simultaneously.
It consists of a rack-mounted
microcomputer, sensor modules, a
power supply, data analysis soft-
ware, and an optical storage unit
with 240MB data storage capability.
The diagnostic tool can be used for
fundamental research on steady as
well as unsteady flow separation and
transition. Its small size and porta-
bility enables in-flight application.

Circle Reader Action Number 770.

Cupresn CY7E340 Family EPLOY

A new family of CMOS erasable pro-
grammable logic devices (EPLDs)
from Cypress Semiconductor, San
Jose, CA, matches lower-end gate ar-
ray densities. The EPLD:s fill gate ar-
| ray applications without nonrecur-
ring engineering charges and with a
shorter time to market. In contrast to
gate arrays, which require weeks or
months for design time and proto-
typing, an EPLD design can be im-
plemented in hours, with modifi-
cations possible in minutes. The new
ICs are suited for register-intensive
applications such as large state
machines, video controllers, and
network controllers.

o

The Cryocam 80, a CCD camera
system for low light applications, has
been introduced by Micro Lumine-
tics Inc., Los Angeles, CA. The CCD
virtually eliminates dark current
when cooled to -80° C, enabling ex-
posures of up to an hour. This is
achieved without liquid nitrogen or
other liquid coolants. The camera
features a resolution of 572 x 485 pix-
els and extremely high sensitivity.
Its user-friendly software provides
histograms, contrast enhancements,
digital filtering, and true or pseudo
color for added clarity.

Circle Reader Action Number 800.

Circle Reader Action Number 776.

| The Computer Directory from Ziff

| Communications Company, New
i York City, provides specifications for
| more than 55,000 computer hard-
| ware and software products, and
| profiles the 9500 manufacturers of
| those products. The online electron-
ic directory contains information on
software packages, computer sys-
tems, peripherals, and telecom-
munications products. Users can
locate products by company or pro-
duct name, product type, and price
range. The Computer Directory is
available through the CompuServe
Information Service.

Circle Reader Action Number 77i|

Accelr8 Technology Corp., Denver,
CO. The product resolves binary in-
compatibilities and recreates file
organizations when transferring files
across a network. After conversion,
the file is in the correct format for the
target system. TRANSLS is available
on DEC's RISC systems, Sun 3 and 4,
SPARCsystems, Silicon Graphics, the
IBM RT system, and MIPS computer
systems.

Circle Reader Action Number 762.

\
|

Netronix, Petaluma, CA, has intro-
duced an industry-standard bridge
for Ethernet networks. The Ether-
Master™ 13000 bridge combines
up to 14,000 packets per second per-
formance with advanced security
and administration capabilities. Stan-
dard features include the System-
Master™ Network Management
Facility, which enables network ad-
ministrators to configure the bridge
and monitor its status from any net-
work node; selective filtering for bet-
ter network security and control; and
the IEEE Spanning Tree Protocol,
which supports complex network
configurations.

Circle Reader Action Number 774.

WaveEdit™ is a program for re-
viewing and editing massive files of
experimental data stored in Apple
Macintosh files. Developed by
World Precision Instruments, New
Haven, CT, WaveEdit makes it easy
to review data recorded with a varie-
ty of acquisition programs and equip-
ment, identify regions of interest, and
then cut, copy, and paste those
selections to a new file for display
and analysis. Wavekdit can open
any 12-bit data file that can be saved
in simple text or binary format.The
program runs on any Macintosh
computer with at least one megabyte
of memory.

Circle Reader Action Number 758.

| Ross-Hime Designs Inc., Min- |
neapolis, MN, has introduced the
Omni-Wrist for telerobots, aero-
space and aviation inspection, and
robotic welding. Originally devel-
oped under a NASA Langley Re-
search Center contract for space pro-
cessing applications, the Omni-Wrist
features 180 degrees of singularity-
free pitch/yaw motion and 360
degrees of rotation. Remotely posi-
tioned drive motors and a 3/4"
through hole add to the device’s
flexibility.

Circle Reader Action Number 768.

The first “palmtop’” personal com-
puter, dubbed the Portfolio™, has
been introduced by Atari Computer,
Sunnyvale, CA. The one-pound PC,
which is slightly smaller than a VHS
videotape, accepts adapted MS-
DOS software and MS-DOS-com-
patible commands, and includes
| built-in Lotus 1-2-3® file-compatible
| spreadsheet and word processing
software, as well as a calculator, an
appointment book program, and a
phone/address directory with auto-
dialing. Priced at $399.95, the Port-
folio has a standard typewriter-style
keyboard and is powered by three
“AA"" alkaline batteries.

Circle Reader Action Number 772.
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Mid-Mountain Materials Inc., Red-
mond, WA, has introduced a new
line of fiberglass textiles for use in in-
dustrial surroundings where extreme
temperature resistance or insulation
is required. The HYTEX 1000 pro-
ducts feature high tensile strength,
heat protection to 1000° F, and
resistance to thermal shock, vibra-
tion, and most chemicals. HYTEX
1000 products are available as
woven cloth and tape, knit rope, and
knit sleevings.

Circle Reader Action Number 764.

Techcon Systems Inc., Carson, CA,
has developed a new system called
Ratio-Pak™ for packing, metering,
mixing, and dispensing adhesives,
sealants, coatings, and potting com-
pounds. Material is fed from a twin-
cartridge through a disposable static
mixing nozzle to achieve superior
ratio control and easy cleanup with-
out solvent purge. Cartridges are
available in 75 to 750 ml capac-
ities.

Circle Reader Action Number 766.

The Sun Maxx from Watersmith Inc.,
Dallas, TX, is a new solar-powered
battery charger for 6-, 12-, or 24-volt
batteries. The 3""x 6" device uses the
sun'’s power to ‘‘trickle” charge bat-
teries in automobiles, tractors, lawn
mowers, boats, and airplanes. While
most efficient in direct sunlight, Sun
Maxx also works in low light or
shade. It consists of a weather-
resistant solar panel and a cigarette
lighter connector, or alligator clips
for direct hook-up to the battery.
Circle Reader Action Number 760.
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NASA Tech Briefs
Presents

THE
SPACE
SHUTTLE
ART
“ | COLLECTION

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

Only $15.95 for the set of ten posters.

plus $3.00 for postage
sets of Shuttle Art.

(NY residents add sales tax)

| have enclosed $
and handling. Rush me

Total enclosed: $
Name
Address

City State

Send check or money order to:
NASA TECH BRIEFS,

Zip

Dept. F, 41 East 42nd St.
New York, NY 10017

Multi-Channel Transient

Waveform Recording Systems
from DATALAB

DATALAB has been manufacturing reliable, quality digital sys-
tems since 1962. Today these include manual and com-
puter controlled turnkey multi-channel systems S
used in numerous applications including b
Ordnance Testing,
Power Line Monitor-
ing, and Component
Testing. Configurations
are available from small

portable units to larger
computer controlled systems.

e Switched timebases - two
or more simutaneously

® Pre-trigger, Pre A/B, A/B,
Delayed, Delayed A/B, Free
Run, A/B/C/D with 2 time-
bases, and Delayed A/B/C/D

e RS232, IEEE-488, and
DMA interfaces

® |BM-PC and HP compatible

]\/\m datalab

Lucas Industrial Instruments
DATALAB Products
760 Ritchie Hwy, Suite N6 Severna Park, MD 21146
Telephone (301) 544-8773 FAX (301) 544-9054

® Systems sampling from 2 to
200 channels simutaneously

® Sample rates up to 100 MHz

® Bandwidths up to 50 MHz

® Resolution of 8, 10, and 12
bits

® Memory up to 1M words,
more with chaining

92 Circle Reader Action No. 311

New on the Market

The NIRSCOPE™ 1500 from
Quantex Corp., Rockville, MD, is the
first handheld infrared (IR) viewer
for the 1.0 to 1.6 micron range. Us-

3M Fiber Optic Laboratories, St. |
Paul, MN, has developed a series of |
low linear birefringence single mode
fibers for high-sensitivity sensing
systems. The fibers can detect
changes in the polarization of linear-
ly polarized light travelling in the
fiber core, such as in magnetic field
sensors that measure field strength as
a function of polarization rotation
due to the Faraday effect. Fibers are
available for transmission at 500,
630, and 850 nm.

Circle Reader Action Number 748.

ing an upconverting phosphor
screen coupled with an image inten-
sifier tube, the NIRSCOPE has a gain
1200 times that of standard photo-
cathode image converters, accor-
ding to the manufacturer. Laboratory
technicians and engineers working
with 1300 nm to 1500 nm fiber op-
tics and laser systems will now be
able to view lower wavelength |
signals. Applications include laser |
beam alignment, fiber optic cou- |
pling, fiber continuity tests, laser
detection, and night scene viewing.
Circle Reader Action Number 752.

Circle Reader Action Number 754.

ﬁrcle Reader Action Number 746.

The ViewPoint Machine Translation
Interface (VP-MTI) from the Xerox
Corp. translates entire documents
while retaining charts and graphics
in their original form. This capabili-
ty is significant in the foreign lan-
guage technology market because
users will no longer have to recreate
graphics after machine translation.
The VP-MTI software, which can
translate English into German,

French, Spanish, Italian and Por-

tuguese, provides an interface from
Xerox 6085 workstations to an IBM-

compatible mainframe computer
running customized Xerox applica-
tions software and SYSTRAN transla-
tion software.

Danar™ 1005, a heat-resistant
amorphous thermoplastic film, is
available from The Dixon Division of
The Fluorocarbon Company, Bristol,
RI. Produced from General Electric’s |
Ultem® 5001 polyetherimide resin,
Danar 1005 resists most industrial
solvents, exhibits dielectric strength
up to 7000 volts/per mil for greater
insulation value, and has a con-
tinuous operating temperature as
high as 400° F.

| simultaneously access the equivalent

The JSH-20 hydraulic rebar/wire
cutter from Huskie Tools Inc., Glen-
dale Heights, IL, quickly and safely
cuts 3/4" wire rope and soft steel
bolts, 3/4"" ASCR cable, 9/16"" EHS
guy wire, and 5/8" ground rod. The
JSH-20 features replaceable blades
that can be changed in the field,
reducing downtime and providing a
cost savings over non-reusable bolt
cutters. The new cutter can replace
an entire tool kit, including various
sizes of conventional bolt cutters,
hacksaws, and cable cutters.

Clrcle Reader Action Number 750.

Hewlett-Packard Company, Cuper
tino, CA, has developed a product
that enables computer users in a
UNIX environment to perform full-
text keyword search and retrieve
customer-support information from
a CD ROM (compact-disc read-only
memory). Called HP LaserROM/UX,
the retrieval software lets users

of more than 20,000 pages of on-line
information related to the operation
of HP 9000 Series 300 and Series 800
HP-UX computers. The HP-UX oper-
ating system is based on and fully
complies with AT&T’s UNIX system.
Circle Reader Action Number 756.
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New Literature

A free brochure from Connector Ac-
cessories Inc. (CAl), Middlefield,
OH, displays custom-designed cable
and wire assembilies for voice, data,
and power transmission. The six-
page brochure details CAl's engi-
neering and production capabilities,
which include injection, insert,
transfer, and shuttle molding; crimp-
ing multi-diameter wire and cable;
and automatic wire cutting and strip-
ping. CAl can design and construct
assemblies to incorporate virtually
any UL or CSA connector and meet
industrial as well as military specs.

Circle Reader Action Number 712.

A 600-page directory detailing the
space activities of more than 35
countries, from Argentina to the
USSR, is available from Jane’s Infor-
mation Group, Alexandria, VA. The
Space Directory covers national in-
dustries — highlighting individual
companies and their current work —
and describes US/Soviet competi-
tion in developing space stations,
manned spacecraft, and launchers.
Space logs, flight manifests, and
satellite tables are provided, as well
as addresses and telephone numbers
of aerospace contractors.

Circle Reader Action Number 702.
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Concurrent Computer Corp.,
Westford, MA, has published a new
brochure describing its real-time
UNIX and OS/32 operating system
products. The brochure covers sys-
tem integration capabilities and
features short stories on aerody-
namics and plant control applica-

Valcor Engineering Corp., Spring-
field, NJ, is offering a free brochure
on aircraft/aerospace fluid control
products and their applications. The
brochure provides technical data on
solenoid valves, relief valves,
pressure regulators, self-displacing
hydraulic accumulators, composite
and single-element pressure vessels,
and pressurization systems. These
products are used to transfer aircraft
fuels, to control deicing systems, and
to handle corrosive fluids. They also
help keep €electronics cool, maintain
cabin pressures, and control wheel
brakes and. other pneumatic and
hydraulic systems.

Circle Reader Action Number 706.
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PCO3XT Time Code Reader

IMMEDIATE SOLUTIONS TO
YOUR TIMING PROBLEMS

Our off-the-shelf PC XT/AT bus level time code trans-
lators and generators are a convenient, accurate means
of synchronizing computers to each other or to
standard time of day satellite transmissions.

IMMEDIATE DATA SHEETS—

Call or FAX a request to us for any of these FAX SPECs:

PCO3XT Time Code Reader AN
PCO5XT Time Code Generator S

M80D-LU Time Display
MODEL 9390 GPS Receiver

‘ BANCOMM
DIVISION OF DATUM, INC

| 65541 Via del Org, San Jose, CA3S51189
CALL:(408)578-4161 FAX: (40B)578.4165

Circle Reader Action No. 658

rotocon

HIGH PERFORMANCE ROTARY CONTACTS

tions. THERMOCOUPLES,
Circle Reader Action Number 710. o RTD'S, LVDTls
TECHNICAL
B rosarors STRAIN GAUGES,

1 to 100 contacts!

« Zero Electrical Noise
» Low And Stable Resistance
» Compact Size

« Zero Maintenance

+ Environmentally Sealed

» Rugged And Reliable

- Unaffected By Vibration

Unlike conventional
slipring designs, the
unique ROTOCON
Sealed Mercury Ro-
tary Contacts are low
noise, low resistance,
zero maintenance

A 64-page catalog of technical pub-
lications and computer software is
available free of charge from Cole-
Parmer Instrument Co., Chicago,
IL. Book offerings include: The Haz-

Reid Tool Supply Co., Muskegon,
M, has published a 306-page tool

room equipment catalog featuring
knobs, handwheels, clamps, ball
and spring plungers, tooling com-
ponents, setup accessories, leveling
pads, and other standard parts. New
products include Mitutoyo and Star-
rett precision instruments, locating
pins, hold down clamps, De-Sta-Co
clamps, mist cooling systems, air
tools, end mills, and cutting and tap-
ping fluids. Prices and specifications
are included for each item.

Circle Reader Action Number 704.

ardous Chemicals Desk Reference;
Chemical Technicians’ Ready Refer-
ence Guide; the Merck Index; Haw-
ley’s Condensed Chemical Diction-
ary; and Practical Statistics for
Analytical Chemists. Software se-
lections include: GANTT® Lab
Manager; LSTAR® project manage-
ment software; TECHWRITER® for
scientific word processing; and
ASYSTANT + @ for data acquisition
and analysis.

Circle Reader Action Number 708.

e

links between sta-
tionary and rotating
components.
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» Mount In Any Orientation

A variety of standard and custom
uy” ROTOCON models are available
ou BW 1o fit your mounting configuration,

Try B.fon Y rotation speed, and current re-
T / quirements (up to 2000 Amps!).
Call:
800-234-4322 then dial 4721,

or 608-836-7571 (rFaX 608-831-0300 TELEX 754381)

@ meridian laboratory

2415 Evergreen Road, P.O. Box 156, Middleton, W1 53562-0156
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WE'VE PERFECGTED

A FEW NEW AGTUATORS-

TERMINALS

CAPACITOR

MATCHED

MATING GEAR MOTOR

PLANETARY GEARHEAD

SPECIALLY —7

SIZED SHAFT CUSTOM MOUNTING

WITH SOME VERY INTERESTING FEATURES.

We've built a reputation for fabricating custom components to the
most demanding specs. Our Application Engineering Dept. is ready
to help design intricate, precision, in-line assemblies and actuators,
developed for long life in hostile environments, or engineered for
accuracy and the most compact envelope sizes. The VERNITECH
quality you trust in each component, strictly manufactured and
pretested to assure the most reliably compatible performance.
Best of all, take advantage of our pricing, delivery, and a product
you'll be happy with.

FOR FREE FULL LINE CATALOG JUST CALL —

VERNITECEL

Division of VERNITRON CORPORATION

300 MARCUS BLVD. » DEER PARK « NEW YORK 11729
516-586-5100
TWX 510-227-6079  FAX 516-242-7940
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High Performance
Data Acquisition
For Rugged
Environments

PDAS-100

@® Shock, temperature and weather resistant
® 2.4 watt, battery operation

@® 16-bit gain range, 0.1 -1000 sps, 6 channel
® Storage to 12 mb RAM, 40 mb disk

® PC and modem compatible

“Y“TELEDYNE GEOTECH

3401 SHILOH RD. P.O. BOX 469007, GARLAND, TEXAS 75046-9007
TEL (214) 271:256]1 FAX (214) 2710223
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New Literature

X-band microwave amplifiers and |
systems are illustrated in a four-color
brochure from MCL Inc., Boling-
brook, IL. Designed for small com-
munication satellite ground termi- ‘
nals, the amplifiers operate inthe 7.9 |
to 8.4 GHz range, with output pow- |
er of 90 to 2500 watts. The brochure
describes both TWT and Klystron
amplifiers, providing specifications
for each unit. ‘
Circle Reader Action Number 714. |

.

Transformers
and Inductors

.,
Q

DC-DC
Converters

Over 3000 transformers, inductors,
and DC-DC converters are featured
in a new catalog from Pico Elec-

e

Clad Precious Metals

Handy & Harman, New York City,
has produced an 18-page brochure
on clad precious metals for elec-
tromechanical and electronic pro-
ducts. Available free of charge, the
brochure describes the clad precious
metal manufacturing process and in-
cludes typical configurations and
specifications for overlays, inlays,
contact welding tapes, solder prints,
and braze bonds. A base metal alloy
guide details the physical and mech-
anical properties of pure metals and
alloys used in clad metal products.
Circle Reader Action Number 716.

tronics Inc., Mt. Vernon, NY. Model
series include %''x %' surface
mount, plug-in, toroidal, axial in-
ductors, and insulated leads. The
DC-DC converter section details
over 850 standard single, dual, and
triple output models. Regulated and
isolated units are rated to 30 watts
with input voltages of 5, 12, 24, 28,
and 48v DC.

Circle Reader Action Number 720.

“Nyliner News,”” an eight-page
newsletter published by Thomson
Industries Inc., Port Washington,
NY, describes typical applications
for Thomson’s injection-molded
Nyliner plastic bearings. The news-
letter features new product informa-
tion and updates on installation
techniques. Readers are offered a
free bearing application kit contain-
ing samples of standard Nyliner
bearings.

Circle Reader Action Number 718.

The
ASI Prance GT

Printed (
Design Automation Syster:

it Board

A four-color brochure from Auto-
mated Systems Inc. (ASI), Brookfield,
WI, describes Release 2.0 of the
Prance GT™ printed circuit board
design automation system. The bro-
chure depicts the system’s SX™ and
Warp Grid™ design automation
techniques, open engineering con-
figuration, and routing, output, and
documentation features. Software
support and training provided by
ASI are also covered. The brochure
includes benchmark results on
dense, ECL fineline board designs.
Circle Reader Action Number 722.

Epoxy and urethane resin systems
are discussed in a new catalog from
the Hexcel Corporation, Newbury
Park, CA. The publication highlights
the handling and physical properties
of structural adhesives, surface coats,
laminating systems, epoxy casting
compounds, casting elastomers, and
ancillary materials.

Circle Reader Action Number 724,
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ADAPTIVE CONTROL
Decentralized adaptive
control for robots

page 30 NPO-17542

ADHESIVE BONDING
Tool distributes
clamping load

page 64 KSC-11420

AERODYNAMICS
Frequency-domain
modeling of dynamics of
helicopters

page 62 ARC-12283

ALKALI METALS
Electrodes for alkali-
metal thermoelectric
converters

page 24 NPO-17159

ANALOG TO DIGITAL
CONVERTERS

Pulse vector-excitation
speech encoder

page 34 NPO-17131

ANEMOMETERS

Tracing rays in laser-
fringe anemometers
page 54 LEW-14535

ANNEALING

Acid test for annealing
of welds
page 74
ANTENNAS
Mounts for selective
rotation and translation
page 58 NPO-17686

ARC WELDING

Multihole arc-welding
orifice

page 73 MFS-28322
Tooling for robotic
welder

page 64 MFS-29557

ARCHITECTURE
(COMPUTERS)
Computational
architecture for control
of remote manipulator

MFS-29598

page 36 NPO-17401
ARTIFICIAL
INTELLIGENCE

Artificial intelligence
controls tape-recording
sequence

page 85 NPO-17700

C language integrated
production system
page 56 MSC-21208

ASTRONOMY
Very-long-baseline
interferometry using
cheap satellites

page 44 NPO-17488

BIOTELEMETRY
Biomedical telectrodes
page 22 MSC-21501
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Subject

Mirrors

The world’s largest variety of optical quality mirrors. In stock. World-
wide. Flat, spherical, cylindrical, ellipsoidal, on- and off-axis paraboloi-
dal. Focal lengths from 12.5mm to 2 meters; diameters from 6mm to
400mm. Surface accuracies to
M20. Available with aluminum,
gold, silver, rhodium and a
variety of high-efficiency
dielectric reflective coat-
ings at laser wavelengths.
Modifications, specials
and competitive volume
prices for the OEM.

-

mELLEs GRDT 1770 Kettering St. ¢ Irvine, CA 92714 » (714) 261-5600

Canada (613) 226-5880 » France (01) 3460-5252 « Japan (03) 407-3614 « Netherlands (08360) 33041
Sweden (0764) 31570  Taiwan (035) 775-111 * United Kingdom (0252) 334411 = West Germany (06151) 86331
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New! Collector’s Edition Poster

Both artistic and educational, this beautifully illustrated full-color poster
presents a cutaway view of the Space Shuttle that reveals its inner work-
ings. Provides size, wingspan, weight, and thrust data. 42 by 30 inches.
Folded.  gpecijal introductory price only $8.95 each!

BONUS: Order now and receive three prints for only $23.95.

Please rush me Space Shuttle posters.

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

Name

Address

City State Zip

Send payment to: NASA Tech Briefs, Shuttle Poster Offer

41 East 42nd St., New York, NY 10017-5391
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Three Things
You Shouldn't
Have To Share At
The Office

I n the workplace you would never
think of sharing your mug or chair. So
why are you running down the hall to
find out if there is a terminal available
for your mainframe graphics applica-
tions? With TGRAF softwareand your
desktop computer there’s no reason
to ever share a terminal; you can now
have a powerful graphics terminal on
your desk, inexpensively.

TGRAF accurately duplicates a
Tektronix graphics terminal without
sacrificing terminal functionality.
Now mainframe graphics power is
available for your PC, PS/2, Macin-
tosh II, or workstation in RS-232 or
networked computer environments,
for only a fraction of what a terminal
would cost.

TGRAF's comprehensive Tektronix
terminal emulation and Grafpoint’s
superior customer support, puts the
terminal sharing blues behind you
forever. Call Grafpoint for the name
of your local distributor and order a
no-risk 30-day evaluation copy.

Current TGRAF users call us for
information on how to upgrade to our

latest product - TGRAF-4200

G GrAFPOINT

1485 Saratoga Avenue
San Jose, CA 95129
1-800-426-2230

In California 408-446-1919

Grafpoint and TGRAF are trademarks of Grafpoint.

PC and PS/2 are trademarks of International Business Ma-
chines Corporation. Tektronix is a trademark of Tektronix,
Inc. Macintosh is a trademark of Apple Computer, Inc.
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CAMERA SHUTTERS
Shutter for VPPA-welding
vision system

page 72 MFS-28267

CAPILLARY TUBES
Ceramic wick for
capillary-pumped heat

pipe

page 52 GSC-13199
CARBON DIOXIDE
LASERS

Making a noble-metal-on-
metal-oxide catalyst
page 52 LAR-13741

CARRIER WAVES
Improving estimates of
phase parameters when
amplitude fluctuates
page 38 NPO-17560

CATALYSTS

Making a noble-metal-on-
metal-oxide catalyst
page 52 LAR-13741

CELLS (BIOLOGY)
Microencapsulation of
living cells

page 88 NPO-17434

CERAMIC FIBERS
Ceramic wick for
capillary-pumped heat
pipe

page 52 GSC-13199
CERAMICS

Cutting symmetrical
recesses in soft ceramic
tiles

page 66 KSC-11450

CIRCUIT BOARDS
Removing bonded
integrated circuits from
boards

page 66 NPO-17031

CLAMPS

Tool distributes
clamping load

page 64 KSC-11420

CLEANING

Cleaning animals’ cages
with little water

page 88 MFS-28275

COATINGS

Oxygen-free rinse water
for electroplating

page 74 MFS-29516

CODERS

Pulse vector-excitation
speech encoder

page 34 NPO-17131

COMBAT

Simulation of combat
with an expert system
page 85 NPO-17720

COMMUNICATION
EQUIPMENT

Biomedical telectrodes
page 22 MSC-21501

COMPUTER GRAPHICS
Removing hidden lines
for thermal analysis
page 54 MSC-21401

COMPUTER PROGRAMS
Tracing rays in laser-
fringe anemometers
page 54 LEW-14535

CONTAMINANTS
Scanning photoelectron-
emission inspection
equipment

page 40 MFS-27203

CONTAMINATION

More on scattering from
dirty mirrors

page 46 NPO-17490

CONTROLLERS

Fluid/gas process
controller

page 70 LAR-13955

Force-feedback cursor
control
page 42 NPO-17520

CRYSTAL GROWTH
Improved transparent
furnace for crystal-
growth experiments
page 68 LEW-14885

CUTTERS

Cutting symmetrical
recesses in soft ceramic
tiles

page 66 KSC-11450

D

DATA SAMPLING

Digital integrate-and-
dump filter with offset
sampling

page 32 NPO-17437

DATA STORAGE

Artificial intelligence
controls tape-recording
sequence

page 85 NPO-17700

DEPOSITION

Oxygen-free rinse water
for electroplating

page 74 MFS-29516

DIABETES MELLITUS
Microencapsulation of
living cells

page 88 NPO-17434

DIGITAL FILTERS

Digital integrate-and-
dump filter with offset
sampling

page 32 NPO-17437

Improving estimates of
phase parameters when
amplitude fluctuates
page 38 NPO-17560

E

ELECTRIC FURNACES
Improved transparent
furnace for crystal-
growth experiments
page 68 LEW-14895

ELECTRICAL
MEASUREMENT
Hall-effect current
sensors for integrated
circuits

page 28 NPO-17476

ELECTRODES

Electrodes for alkali-
metal thermoelectric
converters

page 24 NPO-17159

ELECTROMAGNETIC
WAVE FILTERS

Digital integrate-and-
dump filter with offset
sampling

page 32 NPO-17437

ELECTRONIC
EQUIPMENT

Cooling shelf for
electronic equipment
page 59 LAR-13956

ENCAPSULATING
Microencapsulation of
living cells

page 88 NPO-17434

EXPERT SYSTEMS

C language integrated
production system

page 85 MSC-21208

Simulation of combat
with an expert system
page 74 NPO-17720
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FAR INFRARED
RADIATION
Alternating-gradient
photodetector for far
infrared

page 26 NPO-17235

FEEDBACK CONTROL
Force-feedback cursor
control

page 42 NPO-17520

FLIGHT SAFETY
Multiple-vortex-ring
model of a microburst
page 47 ARC-12219

FLOW VISUALIZATION
Electronic rotator for
sheet of laser light

page 20 LAR-13836
FURNACES

Improved transparent
furnace for crystal-
growth experiments

page 68 LEW-14895

G

GALLIUM ARSENIDES
Delayed shutters for
dual-beam molecular
epitaxy

page 78 NPO-17724

Pulsed molecular beams
for growth of InAs on
GaAs

page 76 NPO-17723

GAS TUNGSTEN ARC
WELDING

Tooling for robotic
welder

page 64 MFS-29557

GERMANIUM DIODES
Alternating-gradient
photodetector for far
infrared

page 26 NPO-17235

H

HALL EFFECT

Hall-effect current
sensors for integrated
circuits

page 28 NPO-17476

HEAT PIPES

Ceramic wick for

capillary-pumped heat
i

pipe
page 70 GSC-13199

Cooling shelf for
electronic equipment
page 59 LAR-13956

Fluid/gas process
controller
page 70 LAR-13955

HEAT TRANSMISSION
Removing hidden lines
for thermal analysis
page 54 MSC-21401

HELICOPTER
PERFORMANCE
Frequency-domain
modeling of dynamics of
helicopters

page 62 ARC-12283

HONEYCOMB
STRUCTURES

Reinforced honeycomb
panels

page 75 NPO-17538
Insulated Honeycomb
page 75 NPO-17539
Microsandwich
honeycombs

page 76 NPO-17595



INDIUM

ARSENIDES

Pulsed molecular beams
for growth of InAs on

LIGHT BEAMS

Electronic rotator for
sheet of laser light

page 20 LAR-13836
LIGHT MODULATION
All-optical photochromic
spatial light modulators

MANIPULATORS
Remote-manipulator
hand with data-
processing ability

page 62 NPO-16648
MANUAL CONTROL
Computational

GaAs page 44
page 76 NPO-17723
Delayed shutters for

dual-beam molecular dirty mirrors

LIGHT SCATTERING
More on scattering from

architecture for control
of remote manipulator
page 36 NPO-17401

Effects of vibrations on

NPO-17612

epitaxy age 46 NPO-17490 grasp control
page 78 NPO-17724 P29 page 90 NPO-17698
LOADS (FORCES)
INFRARED DETECTORS Tool distributes MATHEMATICAL
Alternating-gradient clamping load MODELS
photodetector for far page 64 KSC-11420 Frequency-domain
infrared LOW DENSITY modeling of dynamics of
page 26 NPO-17235 MATERIALS helicopters
page 62 ARC-12283
INSPECTION Microsandwich
Scanning photoelectron- honeycombs Gravitation- and
emission inspection page 76 NPO-17595 conduction-driven
equipment melting in a sphere
page 40 MFS-27203 page 45 NPO-16758
INTEGRATED CIRCUITS M MEASURING
Hall-effect current INSTRUMENTS

Optoelectronic system

sensors for integrated MACHINING
circuits G Making nozzles from wfouled'dmeasure profiles
page 28 = hard materials oawe aos MFS:28988
Removing bonded page 71 MSC-21299 pag &
integrated circuits from MAGNETS '(AEEL»}I.{Nt?on- G
boards Hinged, magnetic holder avita
page 66 NPO-17031 conduction-driven
for radiographic film metting.in a sohera
INSULATION page 60 MFS-29366 g P
Insulated Honeycomb page 45 NPO-16758
s NPO-17630  MAGNETIC TAPES MEMORY (COMPUTERS)
page 75 ' Artificial intelligence Variable-realativi
controls tape-recording ariable-resistivity
sequence nllatelrtial for memory
: circuits
L !::,:‘:I:SAL s L i i page 22 NPO-17425
LASER ANEMOMETERS MIRRORS

Tracing rays in laser-
fringe anemometers
page 54 LEW-14535
LASER OUTPUTS
Electronic rotator for
sheet of laser light

page 20 LAR-13836

page 88
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Cleaning animals’ cages
with little water

More on scattering from
dirty mirrors

MFS-28275 page 46

NPO-17490

EnerRing® EXTREME ENVIRONMENT
AEROSPACE SEALING TECHNOLOGY

keep positive face-seal
contact even under

extreme pressure-cycling
and flange separation ...
at cryogenics or 2000°F.

METAL-O-RING
Seals

Even under these difficult operat-
ing conditions, commonplace in
aerospace, the resilience found
only in EnerRing all-metal seals
causes them to “spring-back”
and maintain continuing 360°,
no-leak, seal-face contact.

12 Ft.& Up. For 35 years,
we have made big Metal-O-
Ring seals in a wide range of
X-sections, and from the most
technologically advanced metals,
in O.D.s up to our giant 25’
nuclear pressure vessel seals.

No Seal Deterioration. Unlike
polymers, all-metal EnerRings
don’t crack or shrink; are dimen-
sionally and chemically stable;
and suffer no shelf-life or in-use
deterioration, assuring continuing
resilience.

Show Your Pride

This quality poplin cap features a
striking red and blue embroidered
logo against a white background.
Leather adjustment strap and cord
give added pizazz. One size fits all.
Only $11.95 each. The perfect gift!

Rush me cap(s). Enclosed is
$__ plus $3.00 postage and hand-
ling. (NY residents add sales tax.)

Total enclosed: $

Name
Address
City
State Zip

Mail with payment to:
NASA Tech Briefs, Dept. F
41 East 42nd Street
New York, NY 10017

TS

MIL-1-45208A is among the
many strict quality standards
met. The properties of all
materials used are closely
documented.

In-House Production means
that design, engineering, manu-
facturing, and silver, nickel and
other plating are performed
under the strict supervision of
qualified, experienced personnel.

ASK FOR FREE DESIGN DATA
(203) 239-3341 0 Fax (203) 234-7233

Advonced

ADVANCED PRODUCTS CO.
NORTH HAVEN, CONNECTICUT US.A.

0 BELGIUM 0 FRANCE 0 PUERTO RICO
OUNITED KINGDOM 0 WEST GERMANY

Circle Reader Action No. 580 97



IVIARKETPLAGE

IEEE-488

Complete Hardware and
Software Solutions

Platforms: PC/XT/AT, PS/2, 386, RT PC,
Macintosh Plus/SE/Il, Sun, DEC, Apollo,
MASSCOMP, 3B2, Q-BUS, UNIBUS, VMEbus,
MULTIBUS, STD Bus, S-100, and SBX Bus
Operating Systems: DOS, 0S/2, XENIX,
UNIX, 386/ix, AEGIS, SunOS, AIX, RT, RSX,

RSX, VMS, ULTRIX, VAXELN, PDOS, VERSA-
dos, RMX-86, Z-DOS, STD-DOS

Support Products: Extenders, Expand-
ers, Converters, Controllers, Buffer, Analyzer

Call for FREE Catalog
(800) IEEE-488 - (512) 794-0100

W

The Software is the Instrument ™

Circle Reader Action No. 681

SC/FOX™
High Performance
Embedded System Controllers

SC/FOX PCS32 (Parallel Coprocessor System 32) 15 MIPS 10 70 MIPS,
uses 32-bit SC32 RISC microprocessor, general purpose PC/XT/AT/386
32-bit plug-in board, 64K-IM byte memory. From $2295.

SC/FOX SBC (Single Board Computer) 18 MIPS, 60 MIPS burst, uses
16-bit RTX 2000, for stand-alone or embedded operation. Eurocard size,
1 serial, | printer port, 64K-512K bytes memory. From $1495.
SC/FOX PCS (Parallel Coprocessor System) 15 MIPS, 50 MIPS burst,
uses 16 RTX 2000, general purpose PC/XT/AT/386 plug-in board, up
to IM byte memory, multiple board operation. From $2295.

SC/FOX SCSI 1/0 is a plug-on PCS or SBC daughter board with SCSI,
parallel, floppy, and serial ports and software for $995.

Ideal for embedded real-time control, signal processing, and data acquisi-
tion. Forth development software included. OEM pricing.

SILICON COMPOSERS INC (415) 322-8763
208 California Avenue, Palo Alto, CA 94306
Circle Reader Action No. 679

To Advertise—Call (212) 490-3999

FREE!
130
Page
Catalog

“Optics
‘ for
i & 4 Industry”

Free 130 page product catalog from Rolyn,
world's largest supplier of “Off-the-Shelf” optics.
24-hour delivery of simple or compound lenses,
filters, prisms, mirrors, beamsplitters, reticles,
objectives, eyepieces plus thousands of other
stock items. Rolyn also supplies custom prod-
ucts and coatings in prototype or production
quantities. ROLYN OPTICS Co., 706 Arrowgrand
Circle, Covina, CA 91722-2199, (818)915- 5707,
FAX (818)915-1379

Circle Reader Action No. 551

35 Mz 80380 Computer

For 19" Rack Mount Use

Low cost, 12 slot PC/AT system with up to
16MB RAM, five FD/HD drives, 250W
power supply, and 0° to 50°C operation.

e Eaa 619-744-3590

aFAVA A W
1080 Linda Vista Dr., San Marcos, CA 92069

‘!
g
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IMAGING
PROBLEMS?

IT'S NOT
YOUR CAMERA,

OR YOUR
COMPUTER,

IT'S YOUR
LIGHTBOX!

In planning your video image processing system
four key elements consist of: camera, lens, computer
and illumination source. Studies have shown that the
importance of illumination has been sadly ignored.
With this in mind gordon insfruments has designed a
flat field high intensity halogen illumination source
called “'Plannar Technology". Plannar illuminators will
illuminate transparencies up to 5" x 5", 10" x 10" and
14" x 17". Plannar illuminators are color balanced, DC
powered and voltage regulated.

gordon instruments, inc.

3645 California Road
Orchard Park, NY 14127
716-662-5353
716-662:7839 (FAX)

Circle Reader Action No. 682

Acquiring data

on a Mac?

Now you can examine and
compare lengthy data files
— and find out what your
data really means!

WavEdit

Waveform editing software for
reviewing, overviewing and editing
data recorded with acquisition
programs and equipment running on
Macintosh® computers.

Full-function demo: $5

World Precision Instruments
375 Quinnipiac, New Haven CT 06513
203-469-8281
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MOLECULAR BEAM
EPITAXY

Pulsed molecular beams
for growth of InAs on
GaAs

page 76 NPO-17723

Delayed shutters for
dual-beam molecular
epitaxy

page 78 NPO-17724

N

NOZZLES

Making nozzles from
hard materials

page 71 MSC-21299

o,

OPTICAL COMPUTERS
All-optical photochromic
spatial light modulators
page 44 NPO-17612

98

OPTOELECTRONIC
DEVICES
Optoelectronic system
would measure profiles
of welds

page 80 MFS-28385
ORGANIC
SEMICONDUCTORS

Variable-resistivity
material for memory
circuits

page 22
OXALIC ACID
Acid test for annealing
of welds
page 74

NPO-17425

MFS-29598

P

PANELS
Reinforced honeycomb
panels

page 74 NPO-17538
PHASE LOCKED
SYSTEMS

Improving estimates of
phase parameters when
amplitude fluctuates
page 38 NPO-17560
PHOTOCHROMISM
All-optical photochromic
spatial light modulators
page 44 NPO-17612

PHOTOELECTRON
SPECTROSCOPY
Scanning photoelectron-
emission inspection
equipment
page 40
PHYSIOLOGY
Biomedical telectrodes
page 22 MSC-21501

PLASMA ARC WELDING
Multihole arc-welding
orifice

page 73 MFS-28322

Shutter for VPPA-welding
vision system
page 72
PLATINUM
Making a noble-metal-on-
metal-oxide catalyst
page 52 LAR-13741

MFS-27203

MFS-28267

POTENTIOMETERS
(RESISTORS)

N-bit binary resistor
page 29 LAR-13709
PRINTED RESISTORS
N-bit binary resistor

page 29 LAR-13709
PROCESS CONTROL
(INDUSTRY)

Fluid/gas process
controller

page 70 LAR-13955
PROGRAMMING
LANGUAGES

C language integrated
production system
page 56 MSC-21208

A FREE BROCHURE describes new books, posters, and
videotapes available from NASA Tech Briefs.
Circle Reader Action Number 700 for your free copy.
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RADIOGRAPHY

Hinged, magnetic holder
for radiographic film
page 60 MFS-29366
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Cleaning animals’ cages
with little water

page 88 MFS-28275

READ-ONLY MEMORY
DEVICES
Variable-resistivity
material for memory
circuits
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REINFORCEMENT
(STRUCTURES)
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panels
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REMOTE HANDLING
Effects of vibrations on
grasp control
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Remote-manipulator
hand with data-
processing ability

page 62 NPO-16648

REMOTE MANIPULATOR
SYSTEM

Computational
architecture for control
of remote manipulator
page 36 NPO-17401
Decentralized adaptive
control for robots

page 30 NPO-17542
RESISTANCE HEATING
Removing bonded
integrated circuits from

boards
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RESISTORS

N-bit binary resistor
page 29 LAR-13709
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Robotic target-tracking
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page 36 KSC-11447
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Decentralized adaptive
control for robots
page 30 NPO-17542
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SANDWICH
STRUCTURES
Microsandwich
honeycombs
page 76
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SATELLITES
Very-long-baseline
interferometry using
cheap satellites

page 44 NPO-17488

SIMULATION

Simulation of combat
with an expert system
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SOLAR COLLECTORS
Mounts for selective
rotation and translation
page 58 NPO-17686

SPARK MACHINING
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SPEECH
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speech encoder

page 34 NPO-17131
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Gravitation- and
conduction-driven
melting in a sphere

page 45 NPO-16758

SUPPORTS

Mounts for selective
rotation and translation
page 58 NPO-17686

T

TARGETS

Robotic target-tracking
subsystem

page 36 KSC-11447
TELEOPERATORS
Remote-manipulator
hand with data-
processing ability

page 62 NPO-16648
TEMPERATURE
CONTROL

Cooling shelf for
electronic equipment
page 59 LAR-13956

THERMAL ANALYSIS
Removing hidden lines
for thermal analysis
page 54 MSC-21401
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POWER GENERATION
Electrodes for alkali-
metal thermoelectric
converters

page 24 NPO-17159

TILES
Cutting symmetrical
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tiles

page 66
TRACKING
Robotic target-tracking
subsystem
page 36

KSC-11450
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VERY LONG BASE
INTERFEROMETRY
Very-long-baseline
interferometry using
cheap satellites

page 44 NPO-17488

VIBRATION EFFECTS
Effects of vibrations on
grasp control

page 90 NPO-17698
VORTEX RINGS
Multiple-vortex-ring
model of a microburst
page 47 ARC-12219

W

WELD TESTS
Acid test for annealing
of welds

page 74 MFS-29598

WELDING
Multihole arc-welding
orifice
page 73 MFS-28322
Optoelectronic system
would measure profiles
of welds
page 80 MFS-28385
Shutter for VPPA-welding
vision system
page 72 MFS-28267
Hinged, magnetic holder
for radiographic film
page 60 MFS-29366
WIND SHEAR
Multiple-vortex-ring
model of a microburst
page 47 ARC-12219
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WE'RE THE FIRST AND LAST WORD IN EXTRAVEHICULAR ACTIVITY. WITH A

PIONEERING PAST AS NASA'S ORIGINAL PORTABLE LIFE SUPPORT SYSTEM SUPPLIER.
AND CONTINUING LEADERSHIP IN ENVIRONMENTAL CONTROL/LIFE SUPPORT
SYSTEM TECHNOLOGY.

WE'VE WON THREE SPACE STATION FREEDOM PORTABLE LIFE SUPPORT SYSTEM
TECHNOLOGY CONTRACTS. DEVELOPING EFFICIENT NEW SUBSYSTEMS FOR VENTILA-
TION, THERMAL CONTROL AND CO2 REMOVAL.

NOT ONLY HAVE WE LIVED WITH THIS UNPRECEDENTED NEW TECHNOLOGY FOR
SEVERAL YEARS, WE ARE THE PERFECT PARTNER TO TURN IT INTO HARDWARE.
2525 WEST 190TH STREET TORRANCE CA
90509 (213) 512-5488. WHERE THE ULTIMATE EFFICIENCY IS RELIABILITY.
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“The government wanted a mobile version of the complex Cheyenne Mountain
computer system.

The challenge was to squeeze the original system into a smaller package without
losing any functionalities. To do this, we had to take different types of computers and
computer equipment and merge them together.

Getting these pieces talking required long hours and hard work from everyone
on the team. Guys who normally wear ties were getting underneath the computer room
floor and dragging cables and building new connectors. It took some real grunt work.
And some real teamwork.

But nobody is out there working alone. Everybody jumps in. If we've got
something that needs fixing, we fix it. And it's paid off.

The project is not only developing better than anyone expected, but it's also
developing faster. So fast, we're way ahead of schedule.

Almost anybody can write a program. But it takes a good team to put together

a lot of programs and pieces of hardware and make them work.”

—Ken Davis (far right), RAPIER Intelligence Segment (RIS), RIS Program Manager Electronic Systems with (from left to right)
Dick Elsey, RIS Technical Staff, Jim Dellinger, RIS Technical Staff, Ray Marion, RIS Technical Staff, Bill Blatchley, RIS Technical Staff,
Jim Pierce, RIS Software Development Manager:

MCDONNELL DOUGLAS
A company of leaders.
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