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DENMONSTRATED E!

e BS-2, Japan's broad-
cast satellite

® Closed-Circuit
Television System

® Transit Navy Naviga-
tion Satellite System

e Free world's largest,
clean-pumped
Thermal Vacuum
Chamber.

® Laboratory Module
for the Space Station

® Radioisotope
Thermoelectric
Generator

e NASA's Advanced
Communications
Technology Satellite

e Launch and
Mission Support and
Services

® DMSP, a defense
meteorological
satellite program

e Modular Attitude
Control Subsystem

e Advanced Satcom,
first all solid-state
communications

e DSCSIII
secure military
communications

® Anik E, advanced
Canadian com-
munications

e Ultraclean
Laboratory

® Nimbus, a
meteorological
sensor test bed

e Anik B, Canadian
communications
since 1978

e SP-100, high power
for space missions

e Polar Platform for the
Space Station

<

® GSTAR, commercial
communications

® Astro Satellite Opera-
tions Control Center

* Dynamics Explorer,
investigation of the
earth’'s atmosphere




® Carpentersville ® Mars Observer, to
Tracking, Telemetry investigate Mars.
and Control Station

e Landsat, monitoring  ® Astra 1, Luxem-
the earth’s resources bourg’s communica-
tions satellite

® UARS, upper atmos- e Integration and Test
phere research Bay.

As an innovator in the aero-
space industry, Astro-Space
Division possesses a wide
range of demonstrated space
technology to assure success
the “first time!”

Our talented employees are
continuously advancing ideas,
while our comprehensive fa-
cilities provide the physical
resources to turn this potential
into reality.

Astro-Space Division pro-
duces high performance satel-
lite systems and subsystems in
the fields of communications,
remote sensing, navigation,
science, and
space power.
The engineer-
ing technology
forging these
systems is the

® Antenna Test Facility. e Advanced
TIROS/NOAA
a meteorological
satellite program
® Spacenet, dual-band
communications

most sophisti-
cated inthe aerospace industry.
lllustrations of demonstrated

excellence in space abound at
Astro-Space Division.

SPACE DIVISION
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A finite element model of a twelve foot high-pressure wind tun-
nel at NASA’s Ames Research Center. This NASTRAN analysis
shows the Von Mises stresses on the pressure vessel. (Photo
courtesy Mladen Chargin/Ames Research Center)

ON THE COVER—Using contin-
uous solid shading, this compu-
ter-generated Image displays
the Gausslan curvature of the
geometry of a turbine blade.
Colorcoded Gaussian curvature
values are on the right, enabling
precise descriptions of the
blade’s geometry. Other compu-
ter-based aids to effective engl-
neering are described in our fea-
ture story, beginning on page 8.
(Photo courtesy PDA/PATRAN)

At Ames Research Center,
NASTRAN was used to perform
a flexure stress analysis of a
wind tunnel model support cell.
The model’s “stinger’” mounts
on the load cell. (Photo Mladen
Chargin/Ames Research Center)
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Data-Control Systems hands you
a new PCM Decommutator
with a unique remote display.

The DCS Model 5011 has given “state of
the art” new meaning with this latest
generation of microprocessor-controlled
PCM Decommutators. Among its advances:
a handheld terminal which is a remote
word selector, enabling the operator to
monitor information while moving
around the test site.

Other advances: operational capa-
bility up to 10 MBPS NRZ, combined
with storage of programmed formats and
a six-line, 40-character-per-line plasma
display. In addition, the
5011’s four-mode
synchronization
method includes 3
a VERIFY mode -~

Circle Reader Action No. 371

to confirm the correct pattern before
entering the LOCK mode.

And, the DCS 5011 offers a decom-
mutator, an integral bit synchronizer, a
PCM simulator and a remote display in
one powerful unit.

The new Model 5011 Bus structured
PCM Decommutator. . .another innovative
product by DCS, employing the latest in
DSP, PLA and LCA technology. For infor-
mation, contact us at one of the addresses
below.

Quanta Systems Corporation

Data-Control Systems

1455 Research Boulevard
Rockville, MD 20850
(301) 279-8798 (714) 894-4471

TWX (710) 828-9785 TWX (910) 596-1802
CompuDyne Defense Electronics Group

8295 Westminster Ave., Suite 150
Westminster, CA 92683



NNSA TechBriefs

National Aeronautics and
Space Administration

At 1600°C your
ceramic component

retains full structural
integrity if you designed
with alumina by
Duramic Products

When you specify Duramic Products alumina, a 3200°F
maximum use temperature keeps your ceramic part from
breaking down during high heat applications.

Extreme heat tolerance makes alumina ideal for labora-
tory requirements like heat chamber insulation and furnace
lining. Alumina is also excellent for field use as a heat
shield component and in other heat intensive procedures.
Duramic Products alumina ceramics are used extensively in
aerospace applications because of their heat resistance,
corrosion resistance, hardness and electrical insulation
properties.

Duramic Products expert ceramic engineers can rapidly
and economically provide you with virtually any alumina
ceramic component your situation requires — any size, any
shape. They'll work with your drawings to produce preci-
sion machined parts that will match your specifications to
the letter.

PHYSICAL PROPERTIES

Compressive strength — 340 KPSI
Flexural strength — 46 KPS|

Impact resistance — 7 in/lbs, CHARPY
Hardness — 9 MOHS scale

Specific gravity — 3.76

Water absorption — O

Electrical resistivity — > 10'S ohm/cm

Duramic Products also produces MACOR® a
user machineable ceramic material. MACOR® Corning Glass Works

For more information, call or write Duramic Products Inc.

Duramic Products Inc.
A Subsidiary of Morgan Matroc Inc

426 Commercial Avenue 4 4
Palisades Park, NJ 07650 USA Add ad
Telephone: (201) 947 8313

Aepigi add ad

TWX: 710 991 9632
Telefax: (201) 947 9394

E Morgan
Circle Reader Action No. 355

.add ad
MATROC

Leaders in ceramic technology
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Some development projects are so big

they can only be managed
with Teamwork.

Creating embedded software
stems can be a gigantic challenge.
gut now there’s a way to manage
the process, lower costs, improve
proguctivity, and keep your team
competitive.

How? With a product called
Teamwork® for computer-aided soft-
ware engineering (CASE).

e Teamwork environment
is specifically designed for large scale,
complex systems development projects.
It provides modules for structured
analysis, real-time modeling, informa-
tion modeling, and structured design.
And it has an open data base that
allows you to interface your own
application tools.

Teamwork is aregistered trademark of Cadre Technologi

Teamwork is behﬁ(used by
many leading companies li

Rockwell, DuPont, Litton, HP, Delco,
Motorola, General Dynamics, and
Westinghouse for their most sophisti-
cated projects. And it’s helping many of
these users meet stringent DoD-2167
requirements.

No wonder Teamwork is the
number one workstation-based CASE
tool on the market. It was the first to
support real-time modeling. First to
support all workstation environments.
First with data base sharing for work-
station users. And it has the most
advanced user interface of any CASE
tool on the market, making it
extremely easy to learn and use.

e Grumman,

Today, Teamwork runs on all
leading workstations, including Apollo,
DEC, Hewlett Packard, IBM and Sun.
There's even a PC member of Team-
work. So regardless of your hardware
%{eference—today or tomorrow—

eamwork can work for you. And
grow with you.

You've heard all the claims
about productivity from CASE tool
vendors. Now talk to the people who
can deliver it today.

Teamwork, from Cadre. No
matter how big the challenge, it can
give your team the competitive edge.

Cadre Technologies, Inc.,

222 Richmond St., Providence, R102903
(401) 351-CASE  CADRE

teamwork

Winning teams depend on it.

In Europe, for the name of the local Cadre distributor, call 41 - 22 - 692424

Circle Reader Action No. 300






It has thousands of

separate parts.

But you put it on

one leg at a time.

After all, it’s the

business suit of the future.

We just have to build the office.

The companies of United
Technologies are working
together to make the

Space Station a reality.
Life-support systems from
Hamilton Standard, advanced
materials from Sikorsky, data
management from Norden
and inspiration from above.

78 UNITED
k.d TECHNOLOGIES
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Computer

hen we were young, a friend wanted to prove that

an egg, when squeezed lengthwise, would never

break. He cupped the egg in his hands and press-

ed. Nothing happened. He strained further. His mother
washed his shirt soon afterward.

Engineers used to test mechanical models like this, em-

pirically discovering their limits, pushing them un-

til they broke. It was an expensive, time-

consuming way to verify design, but

the final products worked

under just about

any condition.

Design analysis was

almost unheard of, restricted

to rough estimates “within engi-

neering accuracy.” Seat-of-the-pants engineering was the
way to go.

The advent of the computer changed all that, bringing
with it the ability to analyze and improve a mathematical
model of adesign before committing it to hardware. Though
empirical tests still reign as the final arbiter of safety,
analysis programs have ensured that only the most worthy
designs reach production. Says Myles Hurwitz, Head of the
Numerical Structural Mechanics Branch at the David Taylor
Naval Ship R&D Center: “No responsible engineer or
analyst would say that analysis programs should replace
experiments. What they do is help focus what the experi-
ment should be. They remove designs that have no hope of
working, and fine tune the experiments that should be run.”

Finite element analysis prcgrams operate on models
derived from computer-aided design programs.
Preprocessors apply a varying mesh to the model, breaking
it down into a finite number of bite-sized pieces. The
analysis programs then subject the finite element model to
whatever variables are applicable, finding its limits, prob-

ing its responses and discovering any weak
points. With appropriate software, the
mathematical simulation responds just as a
physical model would, yet the testing occurs at
computer speeds. Color-coded stress patterns

Computer aided design data Is an Integral part of any finite ele-
ment analysis. Here, an exploded 3D model of a belt tightener
is displayed In perspective view using light source color
shading. (Photo courtesy VersaCAD)
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Aided Engineering

Finite element analysis programs
ensure that only the most reliable
designs are built. But they require
careful programming to ensure the
designs are accurately represented.

highlight any flaws in the design, which can then be
modified at the terminal.

One of the more useful aspects of finite element analysis
is its ability to do design synthesis. A way to optimize struc-
tures, design synthesis “lets the computer do most of the
work; you state the problem, state your constraints, turn on
the machine and let it do its thing,” explains Mladen
Chargin, an Aerospace Technologist in the Test Engineer-
ing and Analysis Branch at NASA’s Ames Research Center.
He adds, “You start out with acertain initial concept and let
the computer iterate on that based on various analyses it
does along the way. It will come up with a better design, one
with lighter weight and higher performance.”

NASA'’s main contribution to computerized analysis is
NASTRAN®, the first general purpose finite element ana-
lysis program. Says Hurwitz: “NASTRAN put many types of
structural analysis into one package, a uniform format that
enabled different segments of the engineering communi-
ty to use the same kind of information and perform their in-
dividualized analyses.” According to Tom Butler, an
engineer commonly referred to as the ‘father of NASTRAN,’
“We lifted NASTRAN from proprietory to public. It was easy
to disseminate, easy to pick up, and it grew like wildfire.”

One version of NASTRAN will help bring back messages
from the edge of the solar system. In August 1989, Voyager
2 will pass planet Neptune, 4.5 billion kilometers away.
Radio signals from Voyager, starting their trip with about
the same power as a refrigerator lightbulb, will be less
powerful than a firefly glow four hours later when they reach
earth. As part of an upgrade project to ensure these
minuscule signals will be received, the dish antennas in
NASA's Deep Space Network (DSN) will be expanded from
64 to 70 meters in diameter. Explains Dr. Chian T. Chian, a
member of the technical staff in the Ground Antenna and
Facility Engineering Section at NASA’s Jet Propulsion
Laboratory: ‘“We are concerned with the increased vertical
loading from the weight of the antenna on the pedestal. We
use NASTRAN to analyze how the pedestal will behave
under the wind loading, and also under the seismic loads
that result from our proximity to the California earthquake
zone.” He adds, “Because of the structure’s complexity,
NASTRAN is very important and very helpful.”

The Cadam, Inc. Solid Modeler program developed this physical
representation of a planetary gear assembly. As a true
volumetric description, data inherent to the assembly can be
extracted for finite element analyses or for operating numericai-
Iy controlled machines. (Photo courtesy Cadam, Inc.)
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At Ames Research Center, a program called Sophia will
place atelescope inside a Boeing 747. Mladen Chargin uses
NASTRAN in several aspects of the project: “We've analyz-
ed the Sophia telescope structure with NASTRAN, and have
optimized some of its structural components to meet
weight and natural frequency requirements.”

A servo system will move the telescope to compensate
for the aircraft’'s motion as the telescope tracks a star. A
theoretically ideal telescope would be completely rigid, not
wobbling after it was moved. That ideal hasn’t yet been
achieved, however, as anyone who has ever lifted a long thin
plastic pipe can attest. For the Sophia telescope servo
system, such variations are mathematically dealt with. As
Chargin describes: “NASTRAN provides the dynamic
characteristics of the telescope to the servo system and
says, ‘Instead of moving a rigid bar of steel, you're going to
be moving this flexible thing with these characteristics.’
The control engineer then designs his servo system so that
the final response allows for the telescope’s behavior.”

Caveats

Computer programs work only as well as they are pro-




grammed, and finite element analyses
are no different. To get a reliable
representation of adesign, the analyst
must be a careful worker. Says Tom
Butler of Butler Analyses: “If the
analyst doesn't represent the model
right, if he makes mistakes in the inter-
pretation of the drawing, or if the loads
he puts on it do not represent the
design conditions, then his analysis
doesn’t tell him much.”

A degree of coarseness intrudes as
soon as areal object, having an infini-
ty of points, is represented by a finite
number of points, or elements. Though
preprocessor programs automatically

define the mesh elements, Butler cau-
tions against total reliance on them.
The only way to mitigate the inherent
errors in a representation of a real ob-
ject, Butler says, is “‘to zero in on pro-
blem areas to ensure that the ap-
propriate elements are being used.”
He adds, “Finite elements have built-
in errors. The art of modelling is to limit
the effect of those errors.”

If the analyst accurately portrays his
design, the model can be relied on with
aqualified confidence. Says Dr. Chian
at JPL: “With careful modelling and
reasonable detail, we get less than five
percent discrepancy between our

The software you need
today and in the future.

We're COSMIC, a unit of NASA’s Technology Transfer Network.
We supply NASA-developed software for almost every kind of
engineering project, including NASTRAN for structural analysis
and programs for thermal analysis, power & propulsion,
aerodynamics, trajectory determination, CAD, and expert systems.
Our 1987 catalog describes over 1100 programs that are available
for your use. COSMIC, The University of Georgia,

382 East Broad Street, Athens, GA 30602, (404) 542-3265.
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finite element predictions and the ac-
tual response. This gives us the con-
fidence to simulate how the antenna
will perform in the field, giving us a
model to experiment with, right at our
desk.”

What does the future hold for finite
element analysis? According to
Michael Cooper, Manager of the Struc-
tural Analysis Section at Dynamic
Engineering Inc. in Newport News, VA,
“The state of the art in design analysis
is still very much in the linear regime.
But many of the world’s problems oc-
curin the nonlinearrealm.” Nonlinear
problems are currently handled by
isolating them from the linear part of
the model, solving each problem
separately, and combining the results.
Such partitioning causes inac-
curacies, since linear and nonlinear
forces dynamically interact in the real
world. Future analysis programs, able
to take advantage of more powerful
and affordable computers, will effi-
ciently combine and solve linear and
nonlinear problems. States Butler:
“Pretty soon it’ll be routine to do
nonlinears, but until then, a lot of
mistakes are being made.”

New generations of hardware will
also have their effect on finite element
analysis. NASTRAN and equivalent
programs currently require engineer-
ing workstations, while less
sophisticated programs run on PC-ATs
or equivalents. As the distinction be-
tween top-end PCs and low-end
workstations continues to blur, the
power of analysis comes to any
engineer’s fingertips. Networked
engineers will also benefit. Says Myles
Hurwitz: “We're talking about faster
computers and faster communica-
tions, enabling an engineer to sit down
at a terminal and design and analyze
the part that he needs. He’'ll virtually in-
stantaneously get back the results of
his analysis, with color shaded
graphics.”

High quality graphics are indicative
of the increased power engineers have
with finite element analysis programs.
According to Butler: “Graphics tools
show how we've represented our
structure, allowing us to rotate and
view it to get rid of our errors. We're
getting better and more reliable results
because it's easier to find mistakes.”
He sums up, “We’re doing problems
that people wouldn’t have believed
possible 20 years ago.” [J

License agreements for NASTRAN are
available from NASA’s COSMIC.
NASTRAN® s aregistered trademark
of COSMIC.
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TECHNOLOGY
COMMERCE &
COMMUNICATIONS

The Event

SPACE: Technology, Commerce &
Communications will address the
critical business issues associated with
re-establishing access to space, and to
provide a forum in which organizations
engaged in government, commercial
or research ventures can do business
or establish new business relationships.

The Conference

The conference will offer attendees a
realistic assessment of today’s in-
dustry and an insight into the factors
that influence the direction of future
programs. Sessions will examine the
risks, the profit potential, the tech-
nology and the steps necessary to en-
courage and sustain a viable business
environment. Sessions include:

Tuesday, November 17

AA-1  How Government and Industry
Worldwide will Re-Establish Access
to Space

AA-2 Transition from Public to Private
Sector

AA-3 Current and Future Launch
Services: Technology Overview

AA-4 Commercial Policy Positions Re:
ELV Industry

AA-5 Advanced Launch Systems

EU-28 Commercial Space Project
Management

Wednesday, November 18

AA-6 Space Stations and Industrial
Platforms

EU-34 Entrepreneurs in Space

EU-30 Venture Capital Fair

EU-27 Commercial Space Roundtable
RS-8 Remote Sensing Technology

RS-9 International Barriers to Remote
Sensing

Computer and Communication
Systems

Information Systems: Data Collec-
tion and Analysis

Information Systems: Modeling and
Simulation

Thursday, November 19

AA-0 Keynote Session

LN-26 Return to the Moon

LN-27 Venture to Mars

EU-33 Multi-Vendor Presentation:
Research in Space

AA-7 Re-Establishing Access to Space:
Legal and Insurance Issues

RS-11 Commercialization of Remote
Sensing Data

SC-18 Satellite Communications:
Technology, Applications

1S-22

IS-23

IS-24

SC-20 Satellite Communications: Cost
Reduction, Insurance, etc.

Satellite Communications: Legal
Issues

RB-1 Robotics
Al-25 Artificial Intelligence

Friday, November 20

EU-31 End User Issues: Financing, Legal,
Insurance

MP-12 Materials Processing: Current
Applications

MP-13 Materials Processing: Future
Capabilities/Technologies

TT-15 Technology Transfer: Spinoffs

TT-16 Technology Transfer: Outreach
Programs from Public to Private
Sector

Partial Speaker List

Mr. Robert Anderson, Chairman and Chief
Executive Officer, Rockwell International
Corporation

Mr. Shigemichi Sonoyama, Vice President,
National Space Development Agency of Japan
(NASDA)

Mr. Richard Brackeen, President, Martin
Marietta Commercial Titan Systems

Dr. Aaron Cohen, Director, NASA-Johnson
Space Center

Dr. John W. Townsend, Jr., Director, NASA-
Goddard Space Flight Center

SC-21

Mr. Pierre Bescond, President, SPOT Image Corp.

Dr. Maxime Faget, President and Chief Executive
Officer, Space Industries

Mr. Isaac Gillam, Assistant Administrator for
Commercial Programs, NASA

Mr. Andrew Stofan, Associate Administrator for
Space Station, NASA

Professor Ernesto Vallerani, General Manager,
Aeritalia Space Systems Group

Mr. Bruce L. Crockett, President, COMSAT
World Systems Division

Mr. Courtney Stadd, Director, Office of
Commercial Space Transportation, U.S.
Department of Transportation

Dr. Frederick Henderson lll, President, GEOSAT
Committee, Inc.

Mr. Alain Gaubert, Executive Manager,
PROSPACE

Dr. Peter Kleber, Project Manager, Industrializa-
tion of Space, DFVLR

Mr. Peter Tambosi, VP-Aerospace, Banque
Nationale de Paris

Dr. Paul Chu, Director, Space Vacuum Epitaxy
Center, University of Houston

Mr. lan Pryke, Head, Washington Office,
European Space Agency

Dr. Joseph Allen, Executive Vice President,
Space Industries

Mr. Donald Langreich, Manager, Commercial
Space Projects, General Electric Company

Mr. Robert Jacobson, President, SPACEHAB

Mr. Charles Gunn, Director of Unmanned
Launch Vehicles and Upper Stages, Office of
Space Flight, NASA

Dr. Robert Rosen, Deputy Associate Ad-
ministrator for Aeronautics & Space
Technology, NASA

Mr. Grier Rachlin, Partner, Heron, Burchette,
Ruckert & Rothwell

Dr. Peter E. Glaser, Vice President, Advanced
Technology, Arthur D. Little Inc.

Dr. Franco Bevilacqua, Advanced Studies
Manager, Aeritalia Space Systems Group

Circle Reader Action No. 409

Last Chance To Pre-Register At Special Rates!

B Yt

November 17-20, 1987

George R. Brown Convention Center
Houston, Texas USA

Co-Sponsored by:
THE SPACE FOUNDATION

Eng. Guiseppe Viriglio, Program Director,
Aeritalia Space Systems Group

Mr. Byron Lichtenberg, President, Payload
Systems Inc.

Mr. Owen Garriott, President, EFFORT, Inc.

Mr. Peter Wood, Senior Vice President, ERC
International

Mr. David O. Wicks, Jr., President, Criterion
Investments

Mr. lan Parker, Editor-in-Chief, SPACE Magazine

Mr. Gary Miglicco, Partner, Peat, Marwick &
Mitchell

Dr. Alex Ignatiev, Associate Director for Develop-
ment, Space Vacuum Epitaxy Center, University
of Houston

Dr. Delbert Tesar, Head, Mechanical Engineering
Department, University of Texas ai Austin

Dr. David Norton, Director, Space and
Technology Research Center, HARC

Mr. Jean-Luc Bessis, President, Service Argos Inc.

The Exhibits
(Exhibits open November 18)
Some of the organizations exhibiting include:

NASA, National Space Development Agency of
Japan (NASDA), Aeritalia, Lockheed Missles &
Space Company, Martin Marietta Manned Space
Systems, Martin Marietta Denver Aerospace,
General Dynamics, Ford Aerospace & Communica-
tions, McDonnell Douglas, Hercules Aerospace
Company, Rockwell International Space Transpor-
tation Systems Division, Rockwell International
Space Station Systems Division, Belgian Science
Policy Office, IBM, Digital Equipment Corporation,
Xerox Corporation, Morton Thiokol, Inc., SPOT Im-
age Corporation, Thomson Electron Tubes and
Devices Corp., Strategic Software Planning Corp.,
SPACEHAB, Teledyne Rodney Metals, Pilkington
Electro Optics Inc., Vellox Corp., Eaton Corporation
— Consolidated Controls, International Signal &
Control Group, Tracor, Inc., Space Industries Part-
nership, Welcom Software Technology Corporation,
Houston International Teleport, SPACE Magazine,
PROSPACE, Fike Metal Products Division, W.L.
Gore & Associates, Space Vacuum Epitaxy Center,
Cincinnati Electronics Corp., Institute for
Technology Development, ASCN, Aerospace
America, John M. Cockerham & Associates, Inc.,
Space Policy, Satellite Communications Magazme
Diversified Information Services, Inc., Digital Image
Inc., NASA-JSC Life Sciences Project Division,
Rooketdyne and others.

RETURN THIS FORM TODAY!

Return this form to: Registration Dept. '
SPACE: Technology Commerce & :
Communications '
clo T.F. Associates, 79 Milk St., Suite 1108, s
Boston, MA 02109 USA, Tel. (617) 292-6840 !
TWX: 951417, Ref. TFAS -
) Yes, preregister me at the discount rate of |
$395.00 (government/institution rate $345.00) *
for SPACE and send me more detailed con- |
ference information and hotel data with my con- +
firmation and invoice. :

[0 My company may wish to exhibit. Please send '
exhibit information. -

[0 | wish to submit a paper and am including a *
1-page precis. ‘

'
Name -
Title '
'

L

'

'

L

'

Company




Portable Speech
Synthesizer

People with speech impairments can
communicate better thanks to a portable
speech synthesizer. A user simply enters
a statement on a keyboard, and the syn-

New Product Ideas

New Product Ideas are just
a few of the many innovations
described in this issue of NASA
Tech Briefs and having promis-
ing commercial applications.
Each is discussed further on the
referenced page in the appro-

thesizer converts the statement into
spoken words. Battery-powered and con-
tained in a briefcase, the synthesizer can
be easily carried on trips and stored con-
veniently under an airplane seat. The unit
can be used on telephones and in direct
communication. The synthesizer consists
of a microcomputer with a memory-ex-
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length article or by writing the
Technology Utilization Office of
the sponsoring NASA center (see
page 14). NASA’s patent-
licensing program to encourage
commercial development is
described on page 14.

pansion module, a speech-synthesizer
circuit, batteries, a recharger, a dc-to-dc
converter, and a telephone amplifier, all of
which are commercially available. (See
page 34).

Simple, Inexpensive
Servoamplifier

Certain IC's designed to serve as
power amplifiers for consumer stereo-
phonic audio equipment have been found
to contain virtually all the ingredients
required for single-power-supply servo-
amplifiers. Since these devices are high-
production consumer goods, they are in-
expensive and easily obtained. Such an
amplifier can be used in an analog con-
figuration to supply a proportional torque
to the motor, although simpler circuits
and a more efficient use of energy result
when it is utilized in a pulse-width-modula-
tion mode. (See page 30).

Portable Chamfering Tool

A portable machine tool precisely cuts
a chamfer on a valve seat. This delicate
machining operation can be done without
removing the part to a machine shop. The
tool can be taken to the part and used
wherever pressurized air and electric
power are available. It can be adapted for
operations in aircraft, ships, land vehi-
cles, and industrial machinery at sites
remote from machine shops. (See page
88).

Electronic Caliper
Has 1-mil Accuracy

A new electronic caliper is accurate
within £0.001 in. (0.025 mm) and pro-
vides both a printout and a digital display
of thickness. Measurements take less
than one-tenth the time of mechanical-mi-
crometer measurements. A digital dis-
play and calibration unit processes the
signal and displays the measured value in
inches. (See page 64).

High-Lift, Low-Pitching-
Moment Airfoils

Two families of airfoil shapes perform
better than prior airfoil sections and can
thus enhance the performances of heli-
copters and other rotorcraft. The specific
shapes of the airfoil profiles in both
families simultaneously permit high maxi-
mum lift coefficients, low pitching-mo-
ment coefficients, and high drag-diver-
gence mach numbers, within the specified
flight-performance ranges. (See page 63).
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Connected via the RS-232
or the IEEE-488 (GPIB)
interface, the power of
modern signal analysis
can be easily realized.
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The Scopes. Nicolet digital oscilloscopes offer ten times the accuracy and as
much as one hundred times the resolution of analog oscilloscopes. A wide range of
digitizer speeds provide solutions for virtually every measurement problem. Our
latest plug-in module, the 4570, has 12-bit resolution at the unprecedented digitizing
speed of 10 MHz. Accuracy does not have to be sacrificed for speed! Neither does
sweep length. Waveforms composed of up to 16k data points are available regardless
of the speed. Cursor readout of measurement values, “zoom” expansion to X256,
continuously variable pretrigger data capture, and built-in disk drives all contribute
to Nicolet's measurement expertise.

From low cost portables to high performance laboratory systems, Nicolet digital
oscilloscopes were the first and are still the best.

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

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

Nicolet

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

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

Aerospace Research Applications Research Triangle Park, NC 27709 NASA/UK Technology NASA Industrial Applications

- Center(ARAC) J. Graves Vann, Jr., Director Applications Center Center (WESRAC)
Indianapolis Center for (819) 549-0671 University of Kentucky University of Southern California
Advanced Research NASA Industrial Applications Ctr. 109 Kinkead Hall Research Annex
611 N. Capitol Avenue 823 William Pitt Union Lexington, KY 40506-0057 3716 South Hope Street,
Indianapolis, IN 46204 University of Pittsburgh William R. Strong, Director Room 200

Dr. F. Timothy Janis, Director Pittsburgh, PA 15260 (606) 2576322 Los Angeles, CA 90007

(317) 262-5036 Paul A. McWilliams, Exec. Director NERAC, Inc. Radford G. King, Acting Director
Central Industrial Applications (412) 648-7000 One Technology Drive (213) 743-8988

Center/NASA (CIAC) NASA/Southern Technology Appli- Tolland, CT 06084 (800) 642-2872 (CA only)
Southeastern Oklahoma State U.  cations Center Daniel U. Wilde, President (800) 872-7477 (toll-free US)
Station A, Box 2584 P. O. Box 24, Progress Ctr., One (203) 872-7000 NASA/SU Industrial

Durant, OK 74701 Progress Blvd. Technology Application Applications Center

Dickie Deel, Acting Director Alachua, FL 32615 Center (TAC) Southern University Department of
(405) 924-6822 J. Ronald Thornton, Director University of New Mexico Computer Science

North Carolina Sclence and (904) 462-3913 Albuquerque, NM 87131 Baton Rouge, LA 70813
Technology Research Center (800) 354-4832 (FL only) Stanley A. Morain, Director John Hubbell, Director

(800) 225-0308 (toll-free US) (505) 277-3622 (504) 771-2060

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.O. Box 12194, Research Triangle
Park, NC 27709. Dorls Rouse, Director, (919) 541-6980

How You Can Access Technology Transfer Services At NASA Field Centers:
Technology Utilization Officers & Patent Counsels—Each NASA Field Center has aTechnology Utilization
Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private sector.

If you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If 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. National Space Langley Research Ctr. Jet Propulsion Lab. George C. Marshall NASA Headquarters
Moffett Field, CA 94035 Technology Labs. Hampton, VA 23665 4800 Oak Grove Drive Space Flight Center Washington, D.C. 20546
Technology Utilization ~NSTL Station, MS 39529 Technology Utilization Pasadena CA 91109 Marshall Space Flight Technology Utilization
Officer: Laurance Milov Technology Utilization ~Officer: John Samos  Technology Utilization Senter, AL 35812 Officer: Leonard A. Ault
Mail Code 223-3 Officer: Robert M. Mail Stop 139A : fin Technology Utilization
Mgr.: Norman L. Chalfin Code IU
(415) 694-6370 Bariow (804) 865-3281 Mail Stop 156-211 Officer: Ismail Akb&y 200 4531920
Code GA-00 Patent Counsel: (818) 354 2240 Code ATO1 w4
Patent Counsel: e '_ A G
- Helfrich 205) 544-2223 ssistant General

Darrell G. Brekke s01) 6081929 a:ﬁrgz‘fe ’2?9 i NASA Resident 5:,,,)," Counsel’ Counsel for Patent
Mail Code 200-11 John F. Kennedy (804) 865-3725 Technology Utilization | eon D. Wofford, Jr.  Matters: Robert F.
(415) 694-5104 Space Center Badidnnd & Officer: Gordon S. Mail Code CCO1 Kempf, Code GP
Lewlis Research Center Kennedy Space Center, c,;0n conter Ghapman (205) 544-0024 (202) 433-2424
21000 Brookpark Road FL32899 greenbeit, MD 20771 ?3?'3332‘1"432'3"”’ Lyndon B. Johnson
Cleveland, OH 44135  Technology Utilization  Technology Utilization Center
Technology Utilization ~ ©fficer: Thomas M. Officer: Donald S. Patent Counsel: Houston, TX 77058
Officer: Daniel G. Soltis Hammond Friedman Paul F. McCaul Technology Utilization
Mail Stop 7-3 Mail Stop PT-TPO-A Mail Code 702 Mail Code 180-801 Officer: Dean C. Glenn
(216) 433-5567 (305) 867-3017 (301) 286-6242 (818) 354-2734 Mail Code EA4

r Patent Counsel: Patent Counsel: (713) 483-3809
P ¢
Gae’:: tEngg::l James O. Harrell John O. Tresansky Patent Counsel:
Mail Code 3016 Mail Code PT-PAT Mail Code 204 Edward K. Fein
(216) 433-5753 (305) 867-2544 (301) 286-7351 Mail Code AL3

(713) 483-4871

A Shortcut To Software: COSMIC®— For software developed by the
U.S. government contact COSMIC, NASA's Computer Software Manage-
ment and Information Center. New and updated programs are announced
in the Computer Programs section. COSMIC publishes an annual software
catalog. For more information call or write: COSMICY Computer Services
Annex, University of Georgia, Athens, GA 30602 John A. Gibson, Dir., (404)
542-3265

If You Have a Question. . . NASA Sclentific & Technical Informa-
tion Facllity can answer questions about NASA's Technology Utilization
Network and its services and documents. The STI staff supplies
documents and provides referrals. Call, write or use the feedback card in
this issue to contact: NASA Sclentific and Technical Information Facili-
ty, Technology Utilization Office, P.O. Box 8757, Baltimore, MD 21240-0757.
Walter M. Heiland, Manager, (301) 859-5300, Ext. 242, 243
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WHEN THESE
CUSTOMERS RAN
THE NUMBERS ON

MINISUPERCOMPUTERS,
FPS CAME OUT
ON TOP.

To learn why FPS has sold more minisuper-
computers than all other companies combined,

all 1-800-635-0938.
‘ FPS

Floating Point Systems, Inc. P.O. Box 23489, Portland. OR 97223
Telex 4742018 FLOATPOIN BEAV

_Real performance.
The facts speak for themselves.
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Tester for Multiple-Conductor Cables

Faults are revealed in a pattern and sequence of lights.

Ames Research Center, Moffett Field, California

A portable testing circuit enables a tech-
nician to determine quickly whether there
are wiring errors in a multiple-conductor
electrical cable or its terminal connectors.
The circuit was designed for the onsite
testing of standard RS232 computer-termi-
nal cables with 25-pin connectors; the
basic design can be altered for more or
fewer than 25. The tester includes an ac-
tive unit, which is plugged into the cable at
one end, and a passive unit, which is
plugged in at the other end.

The passive unit, about the size of a can-
dy bar, contains 24 light-emitting diodes at-
ranged in a pattern matching that of con-
nector pins 2 through 25. The anodes of
the diodes are connected to pins 2 through
25; and the cathodes, to pin 1. (Pin 1 and
conductor 1 of the cable are used as the
current return.)

The active unit (see figure) includes a
timer, a one-shot, a flip-flop, and shift
registers that apply a voltage in turn to
each pin except pin 1. Switch 2 is used to

select two different sequences. In se-
guence 1 (switch 2 closed), a voltage is ap-
plied for one-half second to pins 2 through
25 in succession. The cycle repeats after
pin 25. The count can be reset to the begin-
ning by momentarily closing switch 3. Se-
quence 1 is preferred by most technicians
for identifying crossed connections.

In sequence 2 (switch 2 open), a con-
tinuous voltage is applied first to pin 2, then
to pin 3, and so forth until the voltage is ap-
plied to all the pins. Next, the voltage is

Exclusive OR '_] R
SN7486 1 10 8 4 7 2 2
1 6 One-Shot 5 3 Timer 6
SN74121 LM555
: Co
3 4 1 5
v T I
- i I L
Vv
Vecoy, 9 CC Q14 9 8 VeeQy, 9 8
1 7 1 7 1 7
2 L 2 - 2 L
DS1 3]415]|6 |10]11{12|13 3]4]|5]|6|10|11|12]13 3l4]|5]|6|10)11]|12|13
1 : -E
3 ! Fo et
= EIA Connector (Male and Female Wired in Parallel)
SWi1
Power e O——O0 V¢ = 5Vdc
Supply |
Fi
N —
115Vac

The Active Unit of the Tester is made of inexpensive integrated circuits and other readily available components. The timer and one-shot gen-
erate pulses, which are counted by the shift registers. The shift-register output terminals are wired to the connector pins so that a voltage is

applied to each pin in sequence.
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To learn what the largest library in minisuper-
computing has in store for your application, call

1-800-635-0938.
FPS

Floating Point Systems, Inc.,P.O. Box 23489, Portland. OR 97 223
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“Thirty man years—thats what delivering our first automated
design system would have taken using a standard workstation.’
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Symbolics, Symbolics 3670, Genera, and Symbolics 3620 are trademarks of Symbolics Inc. ICAD Design Language is a trademark,
and ICAD is a registered trademanrk of ICAD Inc



pect for*360007

“Using Symbolics, it took three.
—Patrick O’Keefe, ICAD Inc. Vice President of Technology.

e

CAD Inc. is a value-added reseller who has
leveloped one of the most advanced mechanical
lesign systems in the world. Using the ICAD
Design Language ™ engineers build a knowledge
sase of the design specifications for complex
nechanical products like airplanes and power
slants. Alternate designs are then generated and
valuated in a fraction of the time it takes on CAD
systems, giving ICAD’s customers a strategic
ompetitive advantage.

Three years ago, [CAD® had a concept and a
ustomer. Their mission: to develop a sophisti-
-ated, automated design system for complex and
semi-custom products. Using a Symbolics 3670™
workstation, they accomplished in three man
rears what they believe would have taken 30 on

iy other.

One reason ICAD delivered their product to
narket so fast was Symbolics’ Genera™ software
>nvironment. It provides 40 times as many built-
n facilities as systems offering just a Common

Lisp compiler. According to Patrick O'Keefe,

“Symbolics’ facilities are like prewritten programs.
Many were essential to developing our design
system, and writing them ourselves would've
taken years.

ICAD’s development time was further reduced
by Symbolics’ automatic runtime data-type
checking, advanced debugging, smart garbage
collection, automatic memory management, and
the fastest edit-compile-debug loop available.

“These features were invaluable to program
development and maintenance] said O'Keefe.

“We had to ‘build’ assembly configurations for
specific products with hundreds of design defini-
tions and thousands of parts. The chance of
committing errors was incredibly high. Symbolics
provided automatic reliability that would ve taken
thousands of man hours to assure on our own’”

Today, because of technological advances in Al
workstafion development, ICAD designs similar
systems and develops their products further ona

Symbolics 3620™ A low-end workstation, it starts
at just $36,000. But like the more expensive 3670
originally used by ICAD, it can process multiple
operations in parallel, compact applications data,
and automatically process different datatypes
with built-in error detection. With it, [CAD
delivers an automated design system with the
fastest symbolic processing speeds available.
And their customers save thousands of expensive
engineering and drafting hours.

What do you expect for $36,000? ICAD
expected faster problem solving, and they got it,
from Symbolics. For more information on how
Symbolics can do the same for you, give us a
call today.

Symbolics. 11 Cambridge Center,

Cambridge, MA 02142.

1-800-237-2401, Ext. 15
In Colorado: 1-800-233-6083, Ext. 15

symbolics
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removed in turn from pins 2 through 25.
The cycle then repeats. Technicians prefer
sequence 2 when looking for missing con-
nections.

To interpret the test results, it is neces-
sary to know which pins are supposed to
be connected to which conductors. For ex-
ample, in a typical computer-terminal
cable, pins 1 through 8, 20, and 25 of one
connector should be connected through
the corresponding wires to the corres-
ponding pins of the connector at the other
end. Five possible conditions might be ob-
served in a test of this cable:

1. Diodes 2 through 8, 20, and 25 light in
sequence. The others remain dark. This
indicates a good cable with correct con-
nections at both ends.

2. None of the diodes lights up. Most

likely this means that pin 1 is not con-
nected, conductor1 is interrupted
somewhere, or conductor 1 is connect-
ed to the wrong pin at one or both ends.
Although it is unlikely, such a test result
could mean that all of pins 2 through 8,
20, and 25 are disconnected.

3. One or more diodes light out of se-
quence. For example, diode 3 lights
before diode 2, then diode 4 lights, and
the sequence is correct after that. This
means that the connections for pins 2
and 3 are reversed.

4. One or more diodes corresponding
to desired connections do not light,
or diodes light at locations for which
there should be no connections. For
example, if diode 5 does not light but
diode 17 does, then the wire from pin 5

at the active-unit end has been errone-

ously connected to pin 17 at the passive-

unit end.

5. Two or more diodes light at the same
time. For example, if diodes 2 and 3 light
at the same time instead of in sequence,
then there is a short between pins 2 and
3.

This work was done by Manfred N. Wirth
of Ames Research Center and Larry
Kellogg of Bendix Field Engineering Corp.
For further information, Circle 159 on the
TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Ames Re-
search Center [see page 14]. Refer to
ARC-11569.

Measuring Leakage in a Pressurized-Fluid Loop

The technigue can be applied to systems with inaccessible parts and connections.

Ames Research Center, Moffett Field, California

Measurement of the volume of fluid ad-
ded to restore the original pressure of a
closed pressurized-fluid loop or system is
used to determine the leak rate. In this

technique, only the supply and return
ports of the system need be accessible.
No “bagging” of the system is required
(as is often the case with helium leak

testing), and system volume need not be
known.

A fluid-injection assembly and regulat-
ing and shutoff valves are connected to

|
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Fluid Is Added to the system by the fluid-injection assembly to make up for leakage. The amount required to restore the pressure in the sys-

tem is a measure of the leakage rate.
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the supply port of the system, a calibrated
pressure gauge and regulating and shut-
off valves are connected to the return
port, and a supply of pressurized fluid is
connected to the supply tube (see figure).
The fluid-injection assembly includes a
precison high-pressure syringe enclosed
in poly(methyl methacrylate) tubing. A
tube fitting on one end connects to the
system. On the opposite end, a fine-
thread screw controls the plunger posi-
tion.

The system is filled with fluid, bled, and
pressurized to a nominal test pressure.
The supply and return ports are sealed
(regulating and shutoff valves closed) at
the nominal pressure. After a suitable
equilibration and stabilization period at
constant temperature, the system pres-

sure is adjusted to give an exact test-
pressure indication on the calibrated
pressure gauge. After a given test period
(for example, 3 hours), during which the
system may lose some pressure, the
plunger of the fluid-injection assembly is
adjusted until the initial test-pressure indi-
cation is restored on the calibrated pres-
sure gauge. The measured volume of in-
jected fluid divided by the elapsed test
period yields the leakage rate.

The leakage rate may be determined
at any required system pressure (for ex-
ample, maximum system operating pres-
sure), using any fluid that is virtually in-
compressible at the test pressure and
that is compatible with the system materi-
als. Very low leakage rates may be meas-
ured (for example, 0.04 cm3hour, or low-

er).

Test-joint leakage, gases in the test
fluid, or inadequate system bleeding may
contribute to an inaccurate measurement
of the system leakage rate. However, these
factors, which can be controlled, produce
“worst-case” values. Such values can
show that the specified system leakage
rates are not being exceeded.

This work was done by Brian D. Clarke
of Management and Technical Services
Co. for Ames Research Center. For fur-
ther information, Circle 153 on the TSP
Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center [see page 14].
Refer to ARC-11592

Energy-Saving RAM-Power Tap

A reverse-flow HEXFET® minimizes voltage drop and power dissipation.

Langley Research Center, Hampton, Virginia

A design for a power tap for a random-
access memory (RAM) could have poten-
tial application in digital systems where
conservation of power is of great impor-
tance. The RAM power is provided by plac-
ing a HEXFET® in series with a +5-Vdc
main power source, as shown in the figure.
The HEXFET® must be operated in the re-
verse direction. The normal current in an
n-channel device flows from the drain to
the source. In this application, current
flows from the source to the drain. “Power-
valid” signals are used to turn the device
on and off.

Current techniques for RAM power call
for a separate power bus to be indepen-
dent of the +5-V regulated power source,
requiring a separate +5-V source or a tap
from this source isolated with a diode. This
diode causes a drop of 0.6 to 0.7 Vin the
RAM power. By using a HEXFET® in the
reverse direction, a direct tap from the
+5-V source can be made with minimum

voltage drop and minimum power dissipa-
tion.

“Power Valid"

ol i 0

2N6788
Regulated
Power Supply, To RAM
+5V Power Bus
O~
11 l

Holdup
Capacitors

The HEXFET® Scheme reduces the voltage drop by approximately 80 percent.

In the scheme shown, with a fully sa-
turated HEXFET® channel resistance of
0.30 ohm and a steady-state current of 350
mA, the total voltage drop is only 011V,
compared with a 0.6-V drop using the isola-
tion diode. The RAM also requires a holdup
period upon loss of the main +5-V power.
The ““power-valid’ signal generat-
ed inside the supply is used to turn the

HEXFET® off, isolating the holdup capaci-
tors from the main source to provide the
necessary RAM hold-up power.

HEXFET® is a registered trademark of
International Rectifier Corp.

This work was done by Alan Roy Bruner
of Sperry Corp. for Langley Research
Center. No further documentation is
available. LAR-13515

Power-Switching Circuit

Functions of circuit breakers, meters, and switches are combined.

NASA's Jet Propulsion Laboratory, Pasadena, California

Acircuit (see figure) that includes power
field-effect transitors (PFET’s) provides on/
off switching, soft starting, current moni-
toring, current tripping, and protection
against overcurrent for a 30-Vdc power
supply at normal load currents up to 2 A.
Unlike the double-pole, single-throw, relay-
driven mechanical switch that it replaces,
it has no moving parts. Under the
“fail-safe” circuit design, the failure of any

NASA Tech Briefs, September 1987

single component can result in an open
switch but not in a closed one: thus, two

such circuits can be wired in parallel to ob-
tain immunity to any single-point failure.
The switch is turned on by an “on” com-
mand pulse; it is turned off by an “off” com-
mand pulse. An overcurrent trip can also
be set on the bus side by a 6-digit binary
signal, which is converted to an analog vol-
tage and compared with the amplified vol-

tage developed across a load-current-
sensing resistor. As a backup, a fixed refer-
ence voltage provides a tripping current of
about 3 Aon the return side. When the cur-
rent exceeds either tripping current, a
comparator triggers a flip-flop that pro-
vides a logic signal to turn off one of the
PFET's. The flip-flop can be triggered to
turn the current on again with the same or
adifferent tripping current. Thus, the circuit
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“The Ada programming language shall be the single,
common, high order programming language for...

“...all computers that are integral to, physi-
cally a part of, dedicated to, or essential in
real time to a performance of the mission
of weapon systems...used for specialized
training, diagnostic testing and mainte-
nance, simulation, or calibration of weapon
systems...used for research and develop-
ment of weapon systems... Use of validated
compulers is required...this directive is

gffective immediately.”
—DoD Directive 3405.2, 3/30/87

“...Defense computer resources used in
telligence systems, for the command
and control of military forces...all major
software upgrades...all other applications
(some exceptions) in keeping with the long
range goal of establishing Ada as the
primary DoD higher order language...
waivers to the policy...shall be strictly
controlled and closely reviewed...this
directive 1S effective immediately.”
—DoD Directive 34051, 4/2/87




€ [niroducing PC AT Version 3

® ¢ O The Serious Ada Compiler
For Serious Ada Programmers

If you're a serious Ada programmer today, or expect to be one—if
you're serious about DoD business and those new DoD directives
—you look for a lot more in your Ada compiler than just validation.
And the new fourth-generation Alsys Ada compiler Version 3 for
the PC AT and compatibles gives it to you.

Take code quality, for example. Version 3 generates the highest
quality code of any Ada compiler on any machine! Check the PIWG
benchmarks, and those of U-Michigan. Compare the quality with
code from the mature C and Pascal compilers you're used to. Check
especially where you might need quality most, and where Version 3
shines—in the implementation of procedure calls and exceptions.
The elimination of code associated with unused subprograms gives
you large reductions in code size in many applications.

Consider the Runtime Executive. True production quality. No
exception-handling overhead is incurred unless an exception is
actually raised. The Runtime is optimized for programs running in
limited memory, or running for a long time. That'’s serious.

Consider the Ada-specific high level optimizer technology (not
derived from Fortran or C) that removes redundant constraints
checks and does so much more for code quality.

Consider robustness and reliability. Version 3 is written in Ada
and bootstrapped through itself. That's proof right there that it will
compile 400,000 lines of Ada code. Beyond validation, we test our
compilers on hundreds of thousands of lines of extra code—from
the ACEC tests, and from Ada Repository programs, and from our
own specially designed code that breaks most other compilers.

There's a lot more that's serious about Version 3. The new Multi-
Library environment, for example, that maximizes the efficiency
of programming teams; error messages that correct, instruct, and
speed the programming process; human engineering; superb
documentation and customer support

Send for our free brochure
The Mary Focets of Q. Qi F

In the US: Alsys Inc., 1432 Main St., Waltham, MA 02154 Tel: (6171 890-0030

In the UK: Alsys Ltd., Partridge House, Newtown Rd.. Henley-on-Thames,
Oxon RG9 1EN Tel: 44 (491) 579090

In the rest of the world: Alsys SA, 29 Avenue de Versailles, 78170 La Celle
St. Cloud, France Tel: 33 (1) 3918.12.44
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*Ada is a registered trademark of the U.S. Government (AJPO).
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The Switching Circuit acts as an adjustable, resettable, circuit breaker with no moving parts.

acts as an adjustable, resettable circuit
breaker.

Resistor/capacitor combinations
(0.027 uF, 2 kQ) at the inputs of the current-
sensing amplifiers act as low-pass filters:
this introduces a few hundrea s of delay in
the response to overcurrent, thereby pro-
viding some immunity to noise. The delay
does not seriously degrade protection

against current surges: the resistive vol-
tage divider for the gate of the return-side
PFET sets the bias at a level that allows the
PFET to conduct no more than 10 A.

The 0.022-uF capacitors connected to
the drain terminals of the PFET’s provide a
Miller effect, which reduces the rate of
change of the drain voltage and therefore
the rate of rise of current at turn-on. The

soft-turn-on time depends upon the load
impedance and is typically 100 to 200 ms.
This work was done by Gerald A. Praver,
Peter C. Theisinger, and John Genofsky of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
147 on the TSP Request Card.
NPO-16874

Modified-Edge Compact-Range Measurement System

A large edge curvature reduces unwanted diffraction.

Langley Research Center, Hampton, Virginia

The compact range is an electromag-
netic-measurement system used to simu-
late a plane wave illuminating an antenna
or scattering body. The piane wave is nec-
essary to represent the use of the antenna
or scattering from a target in a real situa-
tion. Traditionally, a compact range has
been designed as an offset-fed parabolic
reflector with a knife or a serrated edge.

24

The edge termination of the parabolic sur-
face has limited the extent of the plane-
wave region or, more significantly. the an-
tenna or scattering-body size that can be
measured in the compact range. As a re-
sult, the compact range has had limited
use as well as limited accuracy. The com-
pact-range concept has not been applied
to larger systems because of the large dis-

crepancy between the target and reflector
sizes.

The signal reflected by the parabolic re-
flector is basically a plane wave, which ex-
ists over the extent of the surface. If a sim-
ple straight edge is used, the diffracted
signal is quite strong about the edge (see
Figure 1). This diffracted signal interferes
with the plane wave, causing amplitude

NASA Tech Briefs, September 1987
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Whether you’re running compute-intensive third party
packages—like ANSYS® ABAQUS, and SPICE—or
applications that you’ve developed in-house, Multiflow’s
TRACE™ supercomputers will make your present systems
seem like they’re standing still.

How do we achieve such performance? By giving the
TRACE a Very Long Instruction Word architecture that can
perform up to 215 million operations per second. And by
designing our Trace Scheduling™ compacting compiler to
pack up to twenty-eight 32-bit operations into every
TRACE instruction. Our FORTRAN and C compilers
handle the job, automatically.

What's this mean to you? It means greater speed across a
wider range of applications, because TRACE performance
doesn’t depend on the kind of work you're doing. And it
doesn’t depend on who wrote your programs, or when and
for what machines they were written. It means 6.0 MFLOPS
—that’s half a Cray-1S®—on the compiled, full-precision
LINPACK benchmark, and higher performance than IBM®’s
3090-200 mainframe on every one of the ANSYS M and S
tests* And that’s from our entry-level TRACE 7/200.
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It means tremendous ease of use, because TRACE per-
formance doesn’t depend on rethinking or rewriting your
code. You can continue to express your engineering and
scientific problems in their most natural and logical terms.

It means high performance in a friendly and familiar en-
vironment, because Multiflow systems run TRACE/UNIX®
offer comprehensive DEC™ compatibility, and fit easily into
networks of workstations and other computers.

And it means supercomputing is finally affordable,
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For workstations that
thrive in a2 multivendor

HP’s powerful family of technical workstations fits
right in with your present computing resources, as well
as those added in the future. With industry standard net-
working, operating systems, and languages. Plus hundreds
of advanced application packages, and performance extras
to give you the competitive edge in all of your engineering
and technical activities.

Our solutions are implemented on one of the indus-
try’s largest technical computer and workstation families.
It consists of the HP Technical Vectra PC, the HP 9000
series 200/300/500, and the new model 840 Precision
Architecture Computer.

Full UNIX System V compatibility.

HP’s technical workstations use AT&T’s System V
UNIX operating system with Berkeley 4.2 enhancements
and HP improvements. The result is a standard tuned to
the workstation environment with windowing, real-time
I/O extensions, graphics, six languages and other extras.

The networking you need.

HP offers the networking to unify design, test, manu-
facturing, and technical office automation in your company.
You’ll have ARPA and Berkeley services and TCP/IP on
Ethernet** and IEEE 802.3 to provide connectivity with
IBM, DEC, and other vendors’ products.

Al power without special AI machines.

You get everything you expect in a multipurpose
workstation, plus the ability to run Artificial Intelligence on
the same machine. Based on Common Lisp, it lets you
harness Al power for accelerated software development.
You can also get premier expert system tools from com-
panies such as Intellicorp and Teknowledge.

Wide range of graphics solutions.
The choice is yours...from low-cost monochrome to
high-resolution color monitors...from simple report




run UNIX systems and
environment, talk to HP.

graphics to 3D solids modeling. There are industry stan-
dards like GKS and ANSI Computer Graphics Virtual
Device Interface (CG-VDI), to protect your investment
by making your existing software portable. HP’s acceler-
ated graphics solutions are highly modular, so you can
upgrade whenever you choose.

Hundreds of application packages.

Specialized technical applications? No problem. HP’s
application packages include logic and analog CAE, PCB
CAD, microprocessor software development, 2D design
and drafting, 3D solids modeling and finite element anal-
ysis, documentation and report generation, and database
management. New software packages are constantly being
added for an even larger selection.

HP—protecting your investment.

Buying HP’s solutions is not only a smart decision
initially, but it provides the added benefit of lower cost
of ownership that reflects our commitment to quality and
service. For more information, call your local HP sales
office listed in the telephone directory white pages.

Tap HP’s DATA-LINE
for complete facts...instantly!

For on-line information 24 hours a day, use your com-
puter, modem, and HP’s DATA-LINE. Dial 1-800-367-7646
(300 or 1200 baud, 7 bits even parity, 1 stop bit).

In Colorado call 1-800-523-1724.

*UNIX is a trademark of AT&T. **Ethernet is a trademark of Xerox Corporation.
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and phase variations of the field illumi-
nating the test antenna or scattering body.
Several schemes to overcome this prob-
lemwere examined, and it was found that a
large, curved edge termination is most ap-
propriate, as shown in Figure 2. The large,
curved edge termination reduces the
edge-scattered field in the target area by
one order of magnitude.

The large, curved-edge treatment,
which involves a radius of curvature equal
to or greater than the focal distance, pro-
vides this improvement by creating a re-
flected field that goes smoothly from the
parabolic surface to the curved surface
termination. If a subreflector is used, a
knife edge on the subreflector leads to ex-
cessive ripple for the main-reflector il-
lumination. Again, this problem can be
overcome by use of a large, curved edge
termination. Thus, the use of large, curved
edge termination on the subreflector and
the main reflector provides a significant en-
hancement in the compact range system.

Several characteristics specify the
curved-surface design. First, the radius of
curvature of the curved edge at the junc-
ture (the connecting line between the re-
flector and the curved edge) should be
greater than the focal length of the reflec-
tor. Second, the curved surface should be
smooth to a one-hundredth of a wave-
length near the juncture, but the roughness
can increase to a one-tenth of a wave-
length at the highest frequency. The sur-
face should continuously curve away from
the focus so that the minimum radius of
curvature is nowhere less than a one-
quarter wavelength at the lowest opera-
tional frequency. The curved surface
should also continue smoothly into the
shadow region.

This approach can be used on any type
of reflector, such as parabolic, elliptical,
hyperbolic, or optimal. Also, the reflector
can be either circularly symmetric, spheri-
cally symmetric, or cylindrical. In fact, the
large, curved-surface edge-termination
concept can be used on any reflector con-
figuration requiring creation of a field
without diffraction from edge terminations.

This work was done by Melvin C.
Gilreath of Langley Research Center and
Walter D. Burnside of Ohio State Universi-
ty. For further information, Circle 155 on the
TSP Request Card.

LAR-13352

Figure 2. When the Edge Termination of the Reflector is a large curved surface, the field dif-

fracted by the edge region is reduced by an order of magnitude.
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Graphite Multistage Depressed Collector for Microwave Tubes

Electron backstreaming is reduced.

Lewis Research Center, Cleveland, OhIO

A significant increase in the overall effi-
ciency of traveling-wave tubes (TWT's)
has been brought about by the conception
and development of the multistage
depressed collector (MDC). However,
there are still some unresolved problems
that hamper further improvement. The use
of copper as an electrode material causes
excessive backstreaming of reflected
primary and secondary electrons. The re-
emitted electrons backstream or return to
the TWT interaction region, degrading not
only the tube efficiency but also the quality
of the output radio-frequency (RF) signal as
well.

Investigation revealed that various
forms of carbon exhibited substantially
lower secondary electron emission char-
acteristics than did copper, the industry
standard for MDC electrode material. A
form of graphite was found to meet the col-
lector requirements and to have no major
disadvantages. This graphite is a fine-
grained, high-purity, isotropic material with
interconnecting porosity that enables
outgassing to be completed rather quickly
during vacuum bakeout. Graphite with
these properties is made by a variety of
manufacturers; the specific material used
in this study is a purified grade, DFP-2,
manufactured by the POCO Graphite Co.

The coefficient of thermal expansion of
this graphite matches that of alumina very
closely, and these two materials can be
brazed without any serious problems,
using a suitable active-metal brazing alloy.
Such brazing is essential to the fabrication
of a rugged and reliable collector.

A novel design approach not only tied
the various requirements together but also
improved the manufacturability of the
MDC as well. Each of the several electrode
stages of the MDC was constructed in a
modular form as shown in Figure 1. Each
module was a brazed, axisymmetric com-
posite, which included the graphite elec-
trode at the center, surrounded by a ring of
high-purity ceramic high-voltage insulator,
and contained within an outer metal sleeve
that served as the vacuum housing. The
modules were then stacked, one on top of
the other, to form the multiple-tiered ar-
rangement of staged electrodes making
up the collector assembly (see Figure 2).

Other good features to be found in the
design include methods to hold dimen-
sions and alignments accurately; inter-
changeability for replacement of any mod-
ule; ease of modification of the electrode
configuration and/or surface texturization;
and convenience of inspection and clean-
ing, if necessary, of the high-voltage in-

NASA Tech Briefs, September 1987

Figure 1. These Brazed Electrode Modules are the components of a multistage depressed

collector.
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Figure 2. The Multistage Depressed Collector is assembled from the stack of modules

shown in Figure 1.

sulators before assembly is completed by
welding the joints between modules.

The wider user of this or similar graphite
material, along with the joining technology,
is possible outside the communication in-
dustry. For example, there is a need for a

high-temperature-resistant material like
carbon that can absorb, collect, or shield
high-power-density radiations like laser
beams and charged particles without suf-
fering damage.

This work was done by Ben T. Ebihara of
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Lewis Research Center. Further informa-
tion may be found in NASA TP-2524 [N86-
13643/NSP], “Verification of Computer-
Aided Designs of Traveling-Wave Tubes
Utilizing Novel Dynamic Refocusers and
Graphite Electrodes for the Multistage
Depressed Collector.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra fee
by calling (800) 3364700.

This invention has been patented by

NASA (U.S. Patent No. 4,527,092). In-
quiries concerning nonexclusive or ex-
clusive license for its commercial develop-
ment should be addressed to the Patent
Counsel, Lewis Research Center [see
page 14]. Refer to LEW-14098.

Simple, Inexpensive Servoamplifier
A circuit is based on a consumer-market audio-amplifier chip.

Langley Research Center, Hampton, Virginia

Low-cost, permanent-magnet dc mo-
" tors can be used as relatively high perform-
ance servomotors in many instrumenta-
tion and control applications. However,
when such a servo must be powered by a
single power supply, as in aircraft and
automotive applications, the driving ampli-
fier becomes rather complex, and the cir-
cuitry becomes quite complicated. Special
integrated circuits (IC's) capable of driving
the motor in either direction are becoming
available, but they are relatively expensive
and difficult to obtain at present.

Certain IC's designed to serve as power
amplifiers for consumer stereophonic
audio equipment have been found to con-
tain virtually all the components and cir-
cuits required for single-power-supply
servoamplifiers. Since these devices are
manufactured for high-production con-
sumer goods, they are inexpensive and
easily obtained.

The figure shows one of these IC’s con-
nected as a servoamplifier. The chip con-
tains two dc power amplifiers, each of
which is capable of driving its output ter-
minal to ground potential or to within about
2 V of the positive potential of the power
supply. This particular IC can supply over 1
A to a motor load when powered by a 12V
power supply.

Although such an amplifier can be used
in an analog configuration to supply a pro-
portional torque to the motor, simpler cir-
cuits and a more efficient use of energy

+12V
Power Supply
of Control-Signal
Generator
10K
Bias-Voltage ek et -
Divider < 10K {IV@@' T
2Output1
s LT £ 0.01uF
Control Input 1 (M_W -
& L e
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This Stereo Audio Amplifier Chip, connected as a servoamplifier, can supply more than 1 Ato

the motor.

result when it is utilized in a pulse-width-
modulation mode. The pulse-width signals
can be generated directly by computer
software or by an external pulse-width-
modulation generator. Further, the pulse-
width modulator can be designed to serve
as an interface between the servoamplifier

and either an analog or a digital control
system.

This work was done by H. Douglas
Garner of Langley Research Center. For
further information, Circle 26 on the TSP
Request Card.

LAR-13538

Oscillator With Low Phase Noise

Phase errors are cancelled for high frequency stability.

Goddard Space Flight Center, Greenbelt, Maryland

A radio-frequency oscillator achieves
high stability of frequency through a
parallel, two-amplifier configuration in
which the effects that cause phase noise
tend to cancel each other. The circuit in-
cludes two amplifiers with resonating
elements, each of which constitutes part of
the feedback loop of the other. Both gener-
ate the same frequency because each cir-
cuit provides the other with the conditions
necessary for oscillation.
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With the feedback loops and parallel in-
put connections shown in the figure, the
capacitive input susceptance of circuit 1
provides circuit 2 with negative conduct-
ance, while the inductive input suscept-
ance of circuit 2 provides circuit 1 with
negative conductance. The resulting total
closed-loop conductance is negative — a
condition that gives rise to oscillation. In ef-
fect, circuit 1 operates as a Hartley oscilla-
tor, while circuit 2 operates as a Colpitts

oscillator. The common resonant frequen-
cy is given by
f=@n)""[C, + CHUL, + L,)C,C,]"2
The quiescent operating point is
established by the supply voltage; the
voltage divider R;, Ry, Ry, R, @nd the
common emitter resistor Re. Cg, Cg, Cg4,
and C, are large bypass and coupling ca-
pacitors. The tap for Cg on R, is used to in-
troduce a controlled amount of negative
feedback, thereby reducing the excess
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gain and limiting the severity of clipping of
the sinusoidal oscillations. This promotes
frequency stability because the clipping
would otherwise introduce noise, which
vo:ouldwusetl’tefremencytoﬂuctuate.R3
and R, are chosen to set the quiescent
bias voltage at the bases equal to half the
supply voltage. This helps to assure the
symmetry of the oscillations, thereby fur-
ther reducing clipping and contributing to
frequency stability.

Q, and Q, are matched npn transistors.

Resistors R, and R, are used to equalize
the amplifier gains; ordinarily, one would
strive for g, R, = g,R, where g
= the transconductance of the ith tran-
sistor.
In a conventional oscillator, the small
fluctuations of quiescent current due to in-
herent noise produce instantaneous
changes of phase and, therefore, of fre-
quency. However, in this oscillator, the
noise causes opposing fluctuations in
capacitive and inductive input suscept-
ances that arise from C; and L,. As a
result, when there is a fluctuation in the fre-
quency of circuit 1, there is an equal (in
magnitude) but opposite fluctuation in the
frequency of circuit 2. Thus, the frequency
stability of the combined circuits is en-
hanced.

This work was done by Leonard L.
Kleinberg of Goddard Space Flight
Center. For further information, Circle 139
on the TSP Request Card.

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

1

Supply Voltage

Am i K . |“

In the Low-Phase Noise Oscillator, phase fluctuations in circuit 1 are opposed by phase fluc-
tuations in circuit 2. The net effect is low phase noise and consequent frequency stability. In
the resonant circuits, L, and L, could be replaced by piezoelectric crystals of the desired
resonant frequency.

concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent

Counsel, Goddard Space Flight Center
[see page 14]. Refer to GSC-13018.

Clipper for High-Impedance Current-Drive Line
Clipping is achieved at low currents without unacceptable leakage.

Goddard Space Flight Center, Greenbelt, Maryland

A clipping circuit limits the output
voltage of a high-compliance, 1-uA current
source without introducing unacceptable
leakage over that necessary to make the
current source work. A typical application
would be in the circuit of a germanium re-
sistance thermometer in a cryogenic sys-
tem.

Leakage currents limit the usefulness of
a conventional clipping circuit at small load
currents (typically, microamperes). In the
new circuit (see figure), leakage is reduced
by shunting current through the saturated
input at an operational-amplifier follower
that is already part of a Howland (or equiva-
lent) current source.

In normal (nonclipping) operation, the
amplifier in the follower operates in a
closed feedback loop and consequently
presents the high common-mode input im-
pedance to the current-drive line. When
the voltage on the current-drive line ex-
ceeds the cut-in voltage of the two diodes,
the amplifier saturates as it attempts to

NASA Tech Briefs, September 1987
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An Operational-Amplifier Follower Circuit is part of a variable-resistance current shunt.

drive current through the diodes. feedback loop, thereby presenting, to the
The saturation of the amplifier opensthe  drive line, the much lower differential input
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resistance, which is low enough to shunt
current from the drive line. Thus, smooth
clipping is achieved with a minimum of ad-

ditional components.
This work was done by Christopher E.
Woodhouse of Goddard Space Flight

Center. No further documentation is avail-
able.
GSC-13069

Electron-Focus Adjustment for Photo-Optical Imagers

The internal electron focus is made independent of the optical focus.

Goddard Space Flight Center, Greenbelt, Maryland

A procedure enables the fine tuning of
the internal electron-focusing system of a
photo-optical imager, without complication
by the imperfections of the associated ex-
ternal optics. The procedure is applicable
to an imager in which electrons are emit-
ted from a photocathode in the optical
focal plane, then electrostatically and/or
magnetically focused to a replica of the im-
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Figure 1. This “Digicon” Imaging Tube in-
cludes a CsTe photocathode and a line of
parallel photodiodes at the detector plane.
The photoelectrons are focused by the
combination of electrostatic and magnetic
fields.

age in a second focal plane containing
photodiodes, phototransistors, charge-
coupled devices, multiple-anode outputs,
or other detectors (see Figure 1).

During the adjustment procedure, the
photocathode of the imager is illuminated
by a monochromator containing a lamp
that emits at least some light at a wave-
length less than half the long-wavelength
limit of the photocathode response. The
operating principle is based on the fact that
a photon having an energy of more than
twice the band gap of the photocathode
material sometimes produces two photo-
electrons. The pulse from a two-photoelec-
tron photo-detection event is twice as large
as that from a single-photoelectron event.
The two kinds of events can therefore be
distinguished by sending the imager output
to a pulse-height analyzer. For this pur-
pose, the monochromator output must be
just intense enough to enable the con-
venient counting of individual pulses.

The electrostatic focusing voltage or the
magnetic focusing current is varied slowly.
Meanwhile, the photocurrent from one of
the detectors is fed to a multichannel
analyzer, the output of which is recorded.
The ratio of counts in the two-electron peak
to the counts in the one-electron peak is
then plotted as a function of the focusing
voltage or current (see Figure 2).

It has been found that the ratio reaches
a peak when the voltage or current is at the
value for best electron focusing: this is
because both photoelectrons of a double
emission must be brought back together
(that is, focused) to the same spot on the
focal plane to achieve the double-ampli-
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Figure 2. The Pulse-Height Analyzer Out-
put is measured at various levels of magnet
current. The ratio of heights of two-electron
to one-electron peaks is plotted as a func-
tion of magnet current. The peak indicates
best focus.

tude output. Thus, the count ratio can be
used to indicate the electron focus and to
facilitate diagnosis when attempting to
distinguish between optical and electronic
causes of image degradation.

This work was done by Walter B. Fowler,
Keith Flemming, and Michael M. Ziegler of
Goddard Space Flight Center. For fur-
ther information, Circle 93 on the TSP Re-
quest Card.

GSC-12890

New Products

High sensitivity to mass airflow is offered
with the new AWM2000 Series microbridge
mass airflow sensor from Micro Switch, a
Honeywell Division located in Freeport, IL.
Sensitivity stems from the heat transfer that
occurs when an airflow is directed across
the sensing element’s surface. It incorpo-
rates a silicon microstructure design with
dual heating elements flanking a central
heating element: a thin-film, thermally iso-
lated bridge. The sensor responds within
five milliseconds to airflow changes as
small as one cubic centimeter per
minute—low enough to monitor a person
breathing. The sensor requires 10 volts DC
and consumes only 30 milliwatts. Circle
Reader Action Number 599.
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Logical Device's (Fort Lauderdale, FL) Logi-
pro Programming Software for the Allpro
Programmer now provides programming
capability for the Altera EP 1800 program-
mable gate array, the MMI ECL and ZPALS,
and the Texas Instrument PAL Devices
TIBPAL20XX-15. Logipro currently handles
programming support for the majority of
PROM-PLD-MICRO manufacturers. Circle
Reader Action Number 598.

Switches used in the F-15 fighter jet and the
Lavi are among other rotary switch applica-
tions highlighted on a new wall chart from
Janco, an ESOP corporation located in Bur-
bank, CA. The chart includes unique switch
applications, specifications and dimen-
sions. A summary provides extensive infor-
mation about each switch displayed on the

chart, including model number, indexing,
maximum positions, make and break ra-
tings, number of poles per deck available,
weight and dimensional drawings. Circle
Reader Action Number 597.

For applications requiring a high degree of
gate isolation or protection against elec-
tromagnetic interference, consider Power-
ex’s (Youngwood, PA) Light-Triggered Thy-
ristor Modules. Able to block up to 1400
volts and average currents up to 90 amperes,
the module gates on with a GaAs laser
diode emitting infrared light at 904 nano-
meters. Pulse lengths of 0.195 microsec-
onds at a peak optical power from0.5to 1.5
watts are required to gate the device on. Cir-
cle Reader Action Number 595.
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Visionl.ab II. The Vision
'To Understand The Unknown.

VisionLab II breaks the time
barrier, with more real-time image
processing features. And it breaks
the price barrier, with big system
performance on an economical,

compatible microcomputer system.

Image analysis

New from 3M Comtal, Vision-
Lab II's advanced design delivers
exceptional true color, 60Hz,
flicker-free performance, plus:

* Real-time continuous roam
and zoom.

* Near real-time region of interest
processing, spatial processing,
convolutions, histograms and
filtering.

Contrast
enhancement

* A unique separate video bus,
with an image-transfer rate of
36MPixels/second.

» Standard configuration of four
512 x 512 x 8-bit memory planes,

VisionLab II

plus 640 x 512 x 1-bit overlay
for graphics and icons.

* Dynamic allocation for RGB
true color operation, YMCK four
color operation, or 1024 x 1024
x 8-bit, with real-time continuous
zoom and overview.

* Standard and non-standard
video inputs including RS170/
330, NTSC and TTL.

* Genloc, with up to four pro-
grammable video inputs.

¢ Standard real-time data capture
and optional real-time true
color capture.

Zoom and
pseudocolor

* Real-time spatial data com-
pression, variable windowing,
aspect ratio correction and
contrast and gamma correction.

Plus much more. VisionLab II
has the power and the perfor-
mance to revolutionize how you
utilize digital imaging. It’s the
kind of breakthrough you'd expect
from 3M Comtal, pioneers in a
New World of image processing
technology.

Expanding the Powers of Perception

3M Comtal

For information call today:

(800) 423-4166 - CA: (818) 4411900

Circle Reader Action No. 319
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Redundant Control for A|r-C|rcuIat|on Valves

Helicopter-rotor control remains even if two computers fail.

e e iy T o = T S L Rl =Ty

Ames Research Center, Moffett Field, California

Four computers that control airflow to
an “X-wing” helicopter rotor have been ar-
ranged in a redundant configuration that

123456789 1 11 12 13 14 15 16 17 18 19 20 21 22 23 24

ensures that the circulation control of the ” X ” X

rotor will continue to function even if two of s

the computers fail. The rotor uses 48 valve cD X X X X

actuators fthatf:;g;::lat? the dt:setribtgion and AC X X X X

quantity of air ing from the leading and

trailing edges. " " 5 5 5
Interconnecting springs between adja- AD X X X X

cent actuators permit indirect control of a BD X X X X

disabled actuator to a position approxi- A Y

mately midway between the adjacent ac- T

tuators. Logic circuitry governs the opera- Stopped-Rotor Blowlng Control

tion of computers and valves according to
the following criteria: TRAILING-EDGE ACTUATOR CONTROL

* Air blowing at the four stopped-rotor loca-
tions must be controlled by all four com-
puters.

*Valves immediately adjacent to the 12345678910 11 12 13 14 15 16 17 18 19 20 21 22 23 24
stopped-rotor locations must be con-
trolled by all four computers: this ensures AB X X X X
that the stopped-rotor valves can be con- cD X x X X

trolled by interconnected springs in case

of an actuator or dual-computer failure at . 5 & .
any of the stopped-rotor locations. BC X X X X

* No two computer failures shall result in AD X X X X
loss of two adjacent valves or two of 8D X X X X

three adjacent valves.

* The effects of two computer failures, in
any combination, must be distributed
among an equal number of equally

spaced valves. _ LEADING-EDGE ACTUATOR CONTROL
Each valve is controlled by one of six

Stopped-Rotor Blowing Control

computer combinations — AB, C D, AC, This Valve-Control-Redundancy Scheme ensures that the effects of failure are distri-
BC, AD, or B D.' The 6 allowable failure pat- buted and that rotor control can be maintained. The X's indicate which valves would be
temns are distributed around the 24 valves  jisapled by a given combination of computer failures. For example, if computers A and D
on the leading edges and the 24 on the  were to fail simultaneously, only trailing-edge valve actuators 5, 11, 17, and 23 and leading-
trailing edges (see figure). If the pattern  edge valve actuators 3, 9, 15, and 21 would not be under direct control.

begins at one of the stopped-rotor blowing-

control actuators, criterion 1 is met. B. Trustee, and W. Fischer of United  Center. No further documentation is

This work was done by R. Johnson, Jr,, Technolog/es Corp for Amos Rosoamh available. ARC-11531

Portable Speech Synthesuer fi e

A compact speech synthesizer can be a useful travelmg companlon to the speech—handlcapped

- = = e e

Ames Research Center, Moffett Field, California

Mute and other people wi.th speech im- thanks to a portable speech synthesizer. A board, and the synthesizer converts the
pairments can communicate better user simply enters a statement on a key-  statement into spoken words. Battery-
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Selection. We offerabroadline  temperature cables, choose

of electronic wire and cable the cable best suited to your
designed to meet military specific application. Or work
specifications suchasMILC 17,  with our Product Engineering
MIL C 49055, MIL W 16878, Group to design specialty cable
MIL W 22759 and others. Many  to your exact requirements.

are QPL listed.

From fiber optic cable to
multi-conductor and high

Quality and Reliability.

products. And we use patented
After working with testing methods to
governmental and military guarantee our
applications for over 30 product reliability.
years, we understand the Choosing Belden
interrelationship of quality means choosing high
components and critical quality, reliable
requirements. We believe products.
quality is the responsibility of
leadership. That's why our
Quality Assurance Department
has full authority to maintain
high quality standards for our

There is no equal.™

Copyright © 1986, 1987 Cooper Industries, Inc.

& application
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SPECIFY BELDEN
FORYOUR
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AND
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APPLICATIONS

Belden Innovation.
We're a leading innovator in
shielding technology and
patented testing methods. Our
shielding is designed to meet
the highest performance
standards in the industry—
including military TEMPEST
requirements. To make your
cable decision easier, we
provide you with all the test data
necessary to choose the proper
and most cost-efficient shield
for your application. We also
offer a variety of insulations and
jacketing materials designed to
provide superior performance
under hostile environmental
conditions. Critical

= requirements are
notaproblem |
whenyou |

work with |
Belden.

The Belden Government
Department. Since we
understand how the
government and prime
contractors work, we provide
you with full support services—
from sales and engineering
support to contract
administration. We're ready to
help with your design decisions
where and when you need us.

To make your design
project easier, call us for
technical assistance.
Because when you
specify Belden,
There is no equal.
Contact the
Belden Wire
and Cable
Government Department
today. P.O. Box 1980,
Richmond, IN 47375.

Phone: 1-800-BELDEN-4
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Imaging Radar Pdilairimetér

powered and housed in a briefcase, the
synthesizer can be easily carried on trips
and stows conveniently under an airplane
seat. The unit can be used on telephones
and in face-to-face communication.

The synthesizer consists of a micro-
computer with a memory-expansion
module, a speech-synthesizer circuit, bat-
teries, a recharger, a dc-to-dc converter,
and a telephone amplifier. These com-
ponents, all of which are commercially
available, fit neatly in the 17- by 13- by &-in.
(43- by 33- by 13-cm) briefcase. The unit
weighs about 20 Ib (9 kg) and can be
operated and recharged from an ac re-
ceptacle.

A user turns on the power and selects
an appropriate text-to-speech program
from the microcomputer menu. If the con-
versation is to be by telephone, the user
first plugs a modular telephone jack in the
unit into the phone. The user enters a
statement on the keyboard, and the com-
puter stores it in memory. When the user
touches the return key, the computer con-
verts the stored statement into speech.
Commonly used phrases — for example,
those used to begin telephone calls —
can be included in the program and can be
activated by pressing single keys.

This work was done by Gilbert H.
Leibfritz and Howard K. Larson of Ames
Research Center. For further information,
Circle 79 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Ames Re-
search Center [see page 14]. Refer to
ARC-11595.

The Circuit Boards of the speech synthe-
sizer and the telephone amplifier and its
speakers and microphone are located be-
hind the panel of the lid of the attache’
case, as are all of the controls for those
items and the telephone modular jacks.
Located in the lower part of the case are the
batteries, which are covered by a panel on
top of which is the space for the microcom-
puter and the necessary cables. The micro-
computer is removable so that it can be us-
ed for normal computations.

Radar measures the full polarization tensor of each element in the scene in one sweep.

NASA's Jet Propulsion Laboratory, Pasadena, California

By alternately transmitting horizontally
and vertically polarized pulses (see figure)
and recording the backscatter received in
both polarizations in one pass over the ter-
rain, an imaging-radar polarimeter collects
all the information necessary to compute

36

the full polarization tensor of each scene
element. The antenna on a conventional
imaging radar transmits and receives only
one polarization component, making it im-
possible to obtain the full polarizaiton data
in one pass.

The new system comprises a dual-po-
larized antenna, a single transmitter, and a
four-channel receiver and digital recorder
installed in an aircraft, plus a digital proc-
essor on the ground. This system produces
radar-backscatter images corresponding

NASA Tech Briefs, September 1987



Rigaku's

ThinFilm
Jiffractometer
Attachment

...Throwing light
on 100A film.

X-ray diffractometry of thin films, which
has so far been exceedingly difficult, is
now possible with Rigaku's Thin Film
Attachment.

Up to now, obtaining a sharp X-ray diffraction profile
of a thin film has been a problem; the extremely
thin sample weakens the intensity of the diffracted
rays, resulting in relatively low signals and high
backgrounds. Moreover, since the conventional dif-
fractometer is designed for a #-26 coupled scan,
intense diffracted rays from the substrate material
overwelm the diffracted rays from the thin film
sample, making it difficult to obtain reliable data.

The dilemma has now been solved by newly
developed optics from Rigaku pat. pend.. Used in con-
junction with our wide angle diffractometer, the
Thin Film Attachment employs a low-angle incidence
method with parallel beam optics that increase the
diffraction intensities of thin film samples. A scan
system for 2¢ alone and an intraplane sample rota-
tion mechanism enhance efficiency. Rigaku has thus
made thin film measurement feasible with only the
X-ray flux available from a conventional sealed-off
X-ray tube.

Throwing light on 100A . . . only Rigaku has the
technology to make it happen!




to 10- by 10-km regions on the ground. A
resolution of 10 m in the across-track
direction is achieved by transmitting a
pulse of 18-MHz bandwidth. In the along-
track direction, a resolution of 3 m, one
look (12 m, four looks) is obtained by the
synthetic-aperture technique.

With the new radar, the signals recorded
from orthogonal linearly polarized anten-
nas are combined in a computer after the
flight to synthesize any desired combina-
tion of transmitted and received polariza-
tions. The data recorded on a single flight
can be processed to provide multiple im-
ages, each representing the backscat-
tered energy from the scene for a different
combination of observational polariza-
tions. A study of the polarization images
can indicate the optimum choice of
polarization representation for the obser-
vation of particular classes of objects and
can provide insight into the dominant scat-
tering mechanisms for each kind of object,
thus improving the ability to identify cor-
rectly objects seen in the radar images.

The scattering matrix, S, contains the
polarization information about the scene
element in question. If a radar signal is
transmitted with a polarization vector C,
and the target return is received with the
antenna set to a polarization vector C,,
then the voltage, V, at the receiver terminal
is given by

Ve G, (8,Cix +5,,C)

+ C,, 8,,Ci + §,,Cy)
where x and y denote the horizontal and
vertical components, respectively. If, for ex-
ample, the signal is transmitted with hori-
zontal polarization (C,, = 1,C O)andre
coived with vertical ctarizefon C..

Amplitude

Horizontally
Polarized
Transmitted

| Integration Interval l
for Horizontal Pulses

L5

Pulses

Vertically
Polarized
Transmitted
Pulses

]\ /L

0.5 to
l 10 ms

Integration Interval
for Vertical Pulses

Time

The Imaging Radar Polarimeter alternately transmits horizontally and vertically polarized
pulses at intervals of 0.5 to 1.0 ms. A synthetic aperture is formed by coherent integration
over approximately 1,500 pulses of each transmitted polarization. Four separate integra-
tions are done, one for each possible combination of horizontal and vertical transmitted and

received polarizations.

= 1), then the received signal is pro-
portional to Syx. Similarly, the other
elements of the scattering matrix are found
by transmitting and receiving in various
combinations of horizontal and vertical
polarization.
This work was done by Howard A.

Zebker, Daniel N. Held, and Walter E.
Brown of Caltech for NASA’s Jet Propul-

sion . For further information,
Circle 89 on the TSP Request Card.
NPO-16875

New Products

More memory has been added to Logical
Device's (Fort Lauderdale, FL) EPROM pro-
grammer, the Shooter. Operating with a 256-
bit (32K x 8) internal RAM buffer, or an op-
tional 512K-bit (64 x 8) buffer, the unit pro-
grams, copies and verifies EPROMS from
2716 thru 27512 including CMOS and “A”
version EEPROMs. The programmer inter-
faces via an |IEEE RS-232 port, uploads/
downloads standard file formats and uses
fast, intelligent algorithms. Built-in debug
firmware enables RAM editing and display
with a terminal. Circle Reader Action Num-
ber 589.

To keep Subminiature-D connector pins
straight, Positronic Industries (Springfield,
MO) offers their Blindmate-D Guide System,
which aligns the mounting flange for the
free connectors with the floating panel is-
lets of the fixed or panel mounted connec-
tors. The system assures easy coupling and
prevents damage to contacts through mis-
alignment, providing circuit integrity during
500 operations. Circle Reader Action Num-
ber 596.
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Artificial intelligence systems have the
potential to provide increased efficiency in
everything from data processing to manu-
facturing. To make Al technology more
practical and accessible to mainstream cor-
porate computing, Gold Hill Computers
Inc., (Cambridge, MA) has developed Gol-
den Connection, a software product that
allows developers to build PC-based expert
systems that access corporate databases.
Golden Connection provides the MV/Family
of superminicomputers and the INFOS
database with an interface to Gold Hill’s ex-
pert system building tool—GoldWorks. The
new interface is available from Data
General, with whom Gold Hill has recently
signed a joint development and marketing
agreement. Circle Reader Action Number
578.

Sequent Computer Systems, in Portland,
OR, has added the Sequent B8 to its
Balance family of parallel computers. Incor-
porating high-density ESCSI disk drives, the
B8 provides a single cabinet solution to
departmental computing for 16 to 32 users.
With expansion cabinets the system can

support over 100 users. The system can
support up to 450 MB of data storage in the
main system cabinet, and the computer
uses up to 12 32-bit NS32032 CPUs with an
aggregate computing power of 8 MIPS. Up
to 96 users can connect to the system over
asynchronous lines. Additional connec-
tions to the system are supported through
an X.25 interface. Circle Reader Action
Number 577.

Twinax transmission cable from Belden
Wire and Cable (Richmond, IN) can substi-
tute for several multiple cables, increasing
data load capacity while reducing size and
weight. Belden 81553 offers excellent shiel-
ding against electrostatic and outside inter-
ference. The cable is designed for the MIL-
STD-1553 Data Bus, which permits a single
transmission cable (77 ohm twinax) to be
used in 1 MHz multiplex computerized data
distribution systems for command, control,
communications and intelligence in air-
craft, as well as other military and aero-
space vehicles. Temperature rating is
200°C. Circle Reader Action Number 594.
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Coma-Compensated Telescope With Vertex Chopping

Field-independent coma is cancelled with field-dependent coma.

Ames Research Center, Moffett Field, California

A new design for a chopped-infrared as-
tronomical telescope reduces coma to in-
crease image quality. The light in such a
telescope is chopped for signal-processing
purposes — usually by repeated tilting of
the secondary mirror about its vertex. This
chopping introduces coma, which de-
grades the resolving power. In the new
design, the coma introduced by tilting is
cancelled by the shaping of the secondary
mirror to introduce an equal but opposite
amount of coma independent of the tilt an-
gle. Because of this measure, the tele-
scope performance on its axis remains lim-
ited mainly by diffraction (see figure).

Inthe chopping operation, the telescope
aims alternately at a star and at an adja-
cent starless background region. The
chopping-frequency signal corresponds to
the star signal so that the more-slowly-
varying background and detector noise
can be subtracted out.

Ordinarily, an optical imaging system is
optimized to provide high image quality
over an area in the image plane for one
fixed set of positions of the optical
elements. Because the new telescope has
only one detector on the axis, the off-axis
image quality does not have to be opti-
mized. Instead, the on-axis image quality is
optimized over a range of secondary-
mirror tilt or chopping angles so that the
star image and the background region in-
cluded with it are both made as small as
possible to maximize the signal-to-noise
ratio.

At the detector position on the instru-
ment axis, one part of the coma due to
chopping is proportional to the chopping
angle and depends on the conic constant
of the secondary mirror (which has a hy-
perbolic surface). The chopping changes
the field (boresight) angle at which the
detector is looking by an amount propor-
tional to the tilt angle but independent of
the conic constant of the secondary mirror.
Yet another portion of coma depends on
the field angle and the conic constant but
does not depend on the chopping angle.

The new design exploits these relation-
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an rms error of 0.06 waves.

A Coma-Compensated Telescope with vertex chopping will provide diffraction-limited perform-
ance on its axis over a wider range of chopping angles than will either of the two previous de-
signs, the performances of which are shown here for comparison. Each horizontal line shows
how much wavefront error can be tolerated at its designated wavelength, while retaining
diffraction-limited performance at longer wavelengths.

ships. The conic constant of the secondary
mirror is selected so that, for any chopping
angle, the field-dependent portion of coma
at the designated boresight angle is the
negative of the field-independent portion
due to tilting. The shape of the primary mir-
ror is then chosen to eliminate spherical
aberration. The result is that on the instru-
ment axis, the image is excellent over a
wide range of chopping angles.

Defocusing due to field curvature sets
the ultimate limit on the chopping angle.
The field is quite flat up to that point; thus,
little or no refocusing is required when the
chopping-angle amplitude is changed.

This work was done by Malcolm J.
MacFarlane of Perkin-Elmer Corp. for
Ames Research Center. For further infor-
mation, Circle 45 on the TSP Request Card.
ARC-11628
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Encapsulating X-Ray Detectors
A vapor-deposited polymer shields crystals from the environment while allowing x rays to pass.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Fragile and chemically reactive mer-
curic iodide detectors for x rays can be
protected over their entire surfaces by a
vapor-deposition process. The process ap-
plies uniform layers of polymer in thick-
nesses ranging from 1 to 10 um. The coat-
ing is transparent to x rays of energy
greater than 1 keV.

After electrodes are attached to the
Hgl, crystal detector, the detector is
transferred to a deposition chamber.
There, successive layers of Parylene (or
equivalent) condense on the crystal until
the required thickness is attained (see
figure). The coating is uniform and free of
pinholes.

The deposition process is conducted in
a partial vacuum at a pressure up to 5 torr
(700 Pa). In one part of the vacuum cham-
ber, di-p-xylylene (or a derivative) is pyro-
lyzed at 550 °C, yielding a vapor containing
radicals.

In another part of the vacuum chamber,
the radicals polymerize and condense on
the Hgl, crystal or other substrate, which is
cooled below 50°C. The coating that
results is relatively impermeable to gases
and moisture and covers even sharp pro-
jections.

This work was done by Joseph M.
Conley and James G. Bradley of Caltech
for NASA’s Jet Propulsion Laboratory.
For further information, Circle 1 on the TSP
Request Card. NPO-16910

Front-Contact
Mg Xayal — Electrical
Lead
Electrical
Contact
Lead
Support

Back-Contact
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BEFORE COATING

Parylene (or Equivalent)
Coating

CROSS SECTION AFTER COATING

A Polymer Coating Transparent to X Rays is applied to a mercuric iodide detector in a partial
vacuum. The coating, the thickness of which is exaggerated in the cross section, protects
the crystal from sublimation, chemical attack, and electrical degradation.

Measuring Microwave Emissivities
A Dicke radiometer and a cryoload are combined in emissivity determinations of mesh antennas.

Langley Research Center, Hampton, Virginia

Surface emissivity, important to know in
the temperature range anticipated- for
space use, is difficult to measure for mesh
antennas. A newly developed measuring
apparatus and procedure present a solu-
tion to this problem and thus fill a tech-
nological void in the accurate determina-
tion of surface emissivities at microwave
frequencies.

The apparatus, which is capable of
measuring independently the electromag-
netic emissivity and/or intrinsic losses of
surfaces, comprises a radiometer, a horn
antenna, a test section, and a cryogenical-
ly cooled matched load (cryoload). In the
system shown in Figure 1, the radiometer
is of the Dicke type with pulsed noise-
injection feedback that has proven to be
stable over very long periods of time. The
cryoload is filled with liquid nitrogen. A
paraboloidal reflector is desirable in order
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to avoid phase-front distortions. A flat-plate
reflector is easier to install in most cases

but needs critical adjustment within the
system.

Copper
Paraboloid

Polystyrene

Foam
Frame

With Mesh

Cold Np Horn Antenna

Gas Out

Dry Air In

-

Aluminum
Flaps

N2 Cryoload Foam

Sheet

Figure 1. An Ultrasensitive, Stable Radiometer is used to measure very small emissivities
with temperature changes with high resolution.
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Derived from Plank’s radiation law, the
value of the surface emissivity of the mesh
sample, in the microwave region up to 100
GHz, is given by

e = (Tg — TagMTyp — Ty
where Tg is the radiometer brightness
temperature, T,, is the physical
temperature of the mesh sample, and 1
and 2 denote different temperature levels.

An example of the results of the
measurement of a mesh-membrane sam-
ple is shown in Figure 2. Tg and T\, are
shown in relation to one another and to the
temperature changes that were produced
by heater elements. Using this test ap-
paratus and the above equation, the
emissivity of the mesh sample was deter-
mined tobe 0.01855. The intrinsic loss was
0.0811 dB. These measurements were
conducted at 2.65 GHz with a radiometer
integration time of 22 seconds and a
brightness-temperature resolution of
0.02K.

This work was done by Hans-Juergen C.
Blume of Langley Research Center. For
further information, Circle 111 on the TSP
Request Card.

This invention is owned by NASA, and a
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Figure 2. The Temperatures of a Mesh Antenna are used to calculate the surface emissivity
in the microwave frequency range.

patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development

should be addressed to the Patent
Counsel, Langley Research Center [see
page 14]. Refer to LAR-13455

Compensating for Electro-Osmosis in Electrophoresis

A simple mechanical adjustment eliminates a transverse velocity component.

Marshall Space Flight Center, Alabama

A new apparatus for moving-wall elec-
trophoresis increases the degree of colli-
mation of the chemical species in a sample
stream. The apparatus compensates for
electro-osmosis, which would otherwise
tend to disturb the collimation.

Like other moving-wall electrophoresis
devices, the apparatus eliminates the pa-
rabolic velocity profile in the stream by en-
training a buffer liquid to flow as a rigid
body. Unlike others, however, it does not
include a wall coating of a zero-¢-potential
material to prevent distortion by electro-os-
motic flow. Such coatings tend to lose their
effectiveness quickly because they be-
come contaminated by the sample and are
damaged by the rollers and gaskets that
make contact with the moving wall. In-
stead, the apparatus creates a component
of transverse buffer-flow velocity that ex-
actly opposes the transverse velocity pro-
duced by electro-osmosis.

The apparatus consists of three major
subassemblies (see figure). The upper
moving wall is a film that is unwound from
one roller and taken up on another roller in
the upper subassembly. Channels provide
a slight vacuum that keeps the moving film
in close contact with the inner surface. The
electrophoresis chamber is in the central
subassembly; it allows the insertion of the
buffer and sample solutions. Two side elec-
trodes protrude from one end of this subas-
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Moving
Wall

TOP SUBASSEMBLY

Electrodes
Rotation
Inlet for
Sample
Stream
CENTRAL
SUBASSEMBLY
Collection
Tubes

The Chamber Is Set at a Slight Angle in the horizontal plane to adjust the
angle between the solution flow and the wall motion. The component of velocity thus
created cancels the electro-osmotic effect.
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sembly, and an array of collection tubes is
mounted at the other end.

Semicircular ears on the central subas-
sembly fit into guides on the lower subas-
sembly, which contains a moving wall like
that in the upper subassembly. The ears
permit the electrophoresis chamber to be
set at an angle relative to the moving films,

and thus to provide compensation for elec-
tro-osmosis. The tangent of the angle
equals the ratio of the electro-osmotic
velocity at the moving wall to the buffer
flowthrough velocity.

This work was done by Percy H. Rhodes
and Robert S. Snyder of Marshall Space
Flight Center. No further documentation

is available.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 14]. Refer to
MFS-28142.

Measuring Specific Heats at High Temperatures

Graphite coatings on samples and control of the sample position increase accuracy.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A flash apparatus for measuring ther-
mal diffusivities at temperatures from 300
to 1,000 °C has been modified so that it can
measure the specific heats of the samples
to an accuracy of 4 to 5 percent. Specific-
heat measurements on the modified appa-
ratus are more accurate than those taken
by differential scanning calorimetry and
are more convenient to perform than drop
calorimetry.

For the specific-heat measurements,
the sample holder was modified so that the
side of the sample that faces the flash unit
is always in the same place, regardless of
sample thickness. To make the sample ab-
sorptance a simple function of tempera-

ture and independent of the sample com-
position, a 300-A thick layer of graphite is
sputtered onto the front surface of each
sample. The oven and sample tempera-
ture is determined with a type S (plati-
num/platinum, 10 percent rhodium) ther-
mocouple in contact with the sample.
The apparatus was calibrated with ref-
erence samples of molybdenum, nickel,
and graphite, the specific heats of which
are known as functions of temperature. At
a given thermocouple temperature, the ra-
diant energy absorbed by each reference
sample is determined from the tempera-
ture rise as measured by a calibrated InSb
detector, which is focused on the back sur-

face of the sample (also sputtered with
graphite).

Similar measurements are then per-
formed on a sample of unknown specific
heat. The specific heat at a given tempera-
ture is calculated by dividing the radiant
energy absorbed at the given thermocou-
ple temperature by the product of the mass
of the sample and the temperature rise
measured by the InSb detector.

This work was done by Jan W.
Vandersande, Andrew Zoltan, and Charles
Wood of Caltech for NASA’s Jet Propul-
sion Laboratory. For further information,
Circle 6 on the TSP Request Card.
NPO-16765
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Both the Specific Heat and Thermal Diffusivity of a sample can be measured with the apparatus shown. The xenon flash emits a pulse of ra-
diation, which is absorbed by a sputtered graphite coating on the sample. The sample temperature is measured with the thermocouple, and
the temperature rise due to the pulse is measured by the InSb detector.

Testing Instrument for Flight-Simulator Displays

Many devices for many diverse functions are combined in one equipment item.

Ames Research Center, Moffett Field, California

Displays for flight-training simulators are
rapidly aligned with the aid of an integrated
optical instrument. Calibrations and tests
such as aligning the boresight of a display
with respect to the user’s eyes, checking
and adjusting the display horizon, checking
image sharpness, measuring the illumi-
nance of displayed scenes, and measuring
the distance of the optical focus of a scene

42

can be performed with a single unit.

The instrument is intended for simula-
tors in which a pilot sits in a cockpit as inan
airplane and looks at a display that repre-
sents, in both color and perspective, the
scene that would surround the plane.
Lenses and other optical elements be-
tween the pilot and a cathode-ray-tube
(CRT) display make the scene appear real-

istically distant.

Previously, many pieces of equipment
had to be used for calibrations and tests.
Each instrument had to be carefully posi-
tioned at the design eyepoint (DEP) — the
locus of points at which a pilot’s eyes are
likely to be during simulator fiight for look-
ing out of cockpit windows and watching
the instrument panel. The difficulty was
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compounded because flight-training simu-
lators usually had more than just one
scene display; most had at least four, and it
was necessary to reposition each test de-
vice for each display. Clearly, this was a
time-consuming procedure and prone to
measurement error.

The new instrument, in contrast, com-
bines all measurement devices in a single,
compact, integrated unit. It requires just
one initial setup. It employs a laser instead
of an incoherent light source and thus pro-
duces a narrow, collimated beam for
greater measurement accuracy. To im-
prove accuracy further, it uses only one
moving part, a double right prism, to posi-
tion the laser beam.

The key components of the instrument
are as follows:

1. A low-power helium/neon laser

2. Aglass, double right prism mounted on
a rotatable base with a thumb-lock
knob — Angular accuracy up to 0.25°
is possible. The center of rotation is
positioned at the DEP in the cockpit or
laboratory so that only the prism need
be rotated to project the laser beam in
various directions across the horizon-
tal meridian. The prism serves as a
beam splitter that enables the ob-
server to look safely along the laser

beam to evaluate the display-system
optical performance, as indicated by
the displacement, reflection, and
refraction of the beam.

3. An aperture plate — Small-diameter
apertures are located between the
laser and the double right prism so that
the beam size can be varied.

4. A y-z-adjustable microscope stage —
This support stage permits the aper-
ture plate to be moved precisely in the
y (horizontal, perpendicular to the laser
beam) and z (vertical) directions to
center the aperture over the laser
beam. The stage also holds a variety of
clear and frosted lenses, which may
be used to spread the laser beam.

5. A neutral-density wedge filter —
Located between the laser and the
aperture plate, this filter can be slid to
any position in a slot to increase or de-
crease the beam intensity.

6. A viewing eyepiece — The eyepiece
lens has a relatively large exit pupil of
0.87 in. (2.2 cm) in diameter. It has a
spring-loaded tie-down strap.

7. A telescope objective lens — Used
with the eyepiece lens, the telescope
objective is 2 in. (5.1 cm) in diameter
and has an effective focal length of
about 11 in. (27.9 cm). It is focused by

an adjusting screw.

8. An illuminometer — This battery-
powered device rests on an aluminum
bracket that permits its photosensitive
head to be rotated into position in place
of the human observer’'s eye behind
the eyepiece.

9. A base — A plate made of rigid alu-
minum with threaded holes and light-
ening holes supports the instrument

components.

10. Legs — Four collapsible metal legs
allow the unit to be placed securely on
a horizontal or tilted surface.

11. A dioptometer — This is an optical
rangefinder similar to the eyepiece in
size and shape. It is mounted in place
of the eyepiece and used to find the ef-
fective optical distance of the scene
from the design eyepoint.

This work was done by Richard F.
Haines of Ames Research Center. For
further information, Circle 137 on the TSP
Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Ames Re-
search Center [see page 14]. Refer to
ARC-11504.

Analyzing Nonisothermal Crystallization of Thermoplastics

Polycrystallinity is observed at different, but constant, heating rates.

NASA's Jet Propulsion Laboratory, Pasadena California

A method has been developed for the
analysis of nonisothermal cold crystalliza-
tion in thermoplastics. Unlike previous
methods, this does not require prior know-
ledge of the isothermal kinetic parameters.
The approach is based upon the obser-
vation that, during nonisothermal crystalli-
zation at a constant rate, the relative
crystallinity develops with a time depen-
dence that is sigmoidal at low degrees of
conversion. A likely application for this
method is in the study of cold crystalliza-
tion in advanced thermoplastics.

The method involves fitting the time de-
pendence of the relative crystallinity, a, to
an equation of the form In(1—a) = Kit",
where 0<a<1andt = time. The parame-
ters K and n are determined at each

heating rate from a plot of log [ — In(1 — a)]
versus log t.

The rate parameter K can be expressed
approximately by K'" = K exp(— E/RT),
where E = the activation energy, R = the
ideal-gas constant, and T = the absolute
temperature. This equation is evaluated at
temperatures that correspond to a fixed
degree of conversion.

In an application of the method, cold-
crystallization data were obtained for poly
(etheretherketone), PEEK, by cooling it at
different, but constant, rates (from 1 to
50 °C/min) in a scanning calorimeter. The
activation energy of the primary crystalliza-
tion process was 52 kcal/mole. The non-
isothermal cold crystallization resulted ina
degree of crystallinity between 20 and 25

percent. A large percent of this crystallinity
was developed by secondary kinetic proc-
esses. The main endothermic response
occurred at 335 °C, regardless of the crys-
tallization heating rate. A small secondary
endotherm appeared just above the origin-
al crystallization exotherm temperature:
this annealing peak represents the melting
of a small fraction of unstable crystals
formed during the nonisothermal crystal-
lization.

This work was done by Peggy Cebe of
Caltech for NASA's Jet Propulsion Lab-
oratory. For further information, Circle 20
on the TSP Request Card.

NPO-16866

New Products

It's a rough world, and National Technical

can simulate any aspect of it, from
artificial aging to arctic cold to electrody-
namic shakers. The nation’s second-largest
independent testing laboratory, based in
Fullerton, CA, has released its latest capa-
bilities brochure. The 16-page, four-color
brochure reviews all state-of-the-art, simu-
lated and induced environmental testing

NASA Tech Briefs, September 1987

services offered by NTS for the aerospace/
defense, nuclear power and high-technolo-
gy industries. Circle Reader Action Num-
ber 592.

To enhance corrosion measurements and
other electrochemical studies, EG&G
Princeton Applied Research, Electro-
chemical Instruments Division (Princeton,
NJ) has announced several new electrode
accessories. The Model RDEO11 Rotating
Cylinder Electrode and RDEOO1 Quick-

Change Rotating Disk Electrode permit
electrochemical studies of user-defined
electrode materials. Both accessories are
compatible with the Model 616 Rotating
Electrode System and are supplied with a
430 stainless steel electrode element.

Electrode designs allow for easy substi-
tution of user-supplied electrode elements.
EG&G Princeton Applied Research can also
arrange for commercial fabrication of vir-
tually any electrode material. Circle Reader
Action Number 593.
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Crystal Growth in Liquid-Encapsulated Float Zone

Liquid surrounding the melt prevents evaporation, suppresses convection, and supports the melt.

Marshall Space Flight Center, Alabama

A suitably chosen liquid encapsulant
placed around the melt zone in a float-zone
crystal-growth system (see figure) can per-
form four important functions that en-
hance purity and reduce strains and dislo-
cations in the final crystal. With the new
technique, it should be possible to grow
dislocation-free crystals with precisely
controlled composition even from materi-
als that are not amenable to the conven-
tional float-zone crystal-growth method.

In the apparatus, the crystal is grown
from a polycrystalline feed material. A
single seed crystal of the desired orienta-
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atures required to melt the crystalline ma-
terial and which is wet by the molten en-
capsulant in preference to the moliten feed
material.

A spring-loaded piston allows for ther-
mal expansion and contraction and main-
tains the materials under a pressure equal
to or greater than the vapor pressure of the
most volatile component At the highest
temperature. During initiai melting of the
encapsulant, a vent allows gases trapped
in the encapsulant to escape. Some liquid
may escape, but eventually the piston
moves inward and closes the vent.

The ampoule is placed so that the initial
increase in the temperature of the hot zone
melts the feed material adjacent to the
seed. The ampoule is then translated to
move the molten zone along the rod of feed
material, as in conventional float-zone
processing.

The encapsulant must have a melting
temperature lower than that of the material
to be crystallized and it must be almost
completely immiscible with the melt in the
liquid phase. The encapsulant must alsobe
electrically inert; that is, it must not act as a
dopant if the crystal is to be used for elec-
tronic devices. Examples of suitable en-
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The Liquid-Encapsulated-Float-Zone Crystal-Growth Apparatus fits in a muffle furnace with

an independently controlled hot zone.

capsulants include B,O, for GaAs and
probably CaF, for Si and Ge.

One function of the encapsulant is to
prevent the loss of relatively volatile com-

ponents from the melt in such compound
semiconductors as GaAs, GaAlAs, and
CdTe and in organic and polymeric sys-
tems. The encapsulant also functions to
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suppress surface-tension-driven convec-
tion, particularly if it is B,O,, which has a
high viscosity.

The molten encapsulant functions asan
easily deformable container that allows the
crystal to expand or contract without in-
ducing strains and defects. Many semicon-
ductors expand on freezing; strains induc-
ed by the rigid containers required in some
crystal-growth methods are thought to be
an important cause of defect formation.

The molten encapsulant provides buoy-
ancy support for the molten zone, thus

reducing the effect of gravity on the system
and allowing larger melit zones, and hence,
crystals of larger diameter. A larger melit
zone also enables better control of the
thermal profile near the solidification inter-
face. The support provided by the encap-
sulant may make it practical to process
materials of low surface tension, such as
organic and polymeric materials, which
would otherwise be difficult to process in
the presence of gravity.

This work was done by Robert J.
Naumann, Donald O. Frazier, Sandor

Lehoczky, Marcus Viasse, and Barbara
Facemire of Marshall Space Flight
Center. For further information, Circle 67
on the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive Ii-
cense for its commercial development
should be addressed to the Patent Coun-
sel, Marshall Space Flight Center [see
page 14]. Refer to MFS-28144.

Tailorable Advanced Blanket Insulation (TABI)

An integral woven core of ceramic yarns holds silica batting for thermal protection of space vehicles.

Ames Research Center, Moffett Field, California

Both single layer and multilayer in-
sulating blankets for high-temperature ser-
vice can now be fabricated without sewing.
The new blankets, called TABI, can be
used at higher temperatures because the
heat resistance of the sewing thread is no
longer a limiting factor. Moreover, the
blankets are no longer subject to damage
and weakening by the sewing process. The
blanket is smoother and its thickness more
uniform, because it is no longer quilted by
stitches.

The new TABI blanket consists of an in-
tegrally woven, filled core between two
fabric faces. The faces and core can be
woven from any of three ceramic yarns: si-
lica, aluminoborosilicate, or silicon car-
bide. The core may be woven as hollow
rectangular or triangular flutes and filled
with silica-fiber batting (see figure). Alter-
nate batting materials such as alumino-
borosilicate or alumina could also be utiliz-
ed. A double-layer core has also been
woven, one layer filled with the silica bat-
ting and the other with rigid ceramic tile.

The woven-core blankets can withstand
substantially greater heat flux than can the
older sewn silica blankets. For example,
the woven aluminoborosilicate blanket can
withstand as much as 7.5 Btu/fts
(85 kW/m?2), and the woven silicon carbide
blanket can handle up to 30 Btu/ft2s

i

Aluminoborosilicate
Fabric ‘

The Tailorable l ot Insulation (TABI) woven fabric is made of Imlnoboroslll-
cate. The triangular-cross-section fiutes of the core are filled with silica batting. The flexible
blanket can be formed into curved shapes, providing high-temperature and high-heat-flux in-

sulation.

(340 kW/m?2). In contrast, the quilted silica-
fiber fabric is limited to 4.4 Btu/ft?s
(50 kW/m?2).

This work was done by Paul M. Sawko
and Howard E. Goldstein of Ames Re-
search Center. For further information,
Circle 10 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel. Ames Re-
search Center [see page 14]. Refer to
ARC-11697.

Light, Strong Insulating Tiles

Experiments with composition yield a desirable combination of properties.

Lyndon B. Johnson Space Center, Houston, Texas

Improved lightweight insulating sili-
ca/aluminum borosilicate/silicon carbide
tiles combine increased tensile strength
with low thermal conductivity. The new
tiles replace older all-silica tiles of approxi-
mately equal thermal conductivity and
higher mass density.

As originally formulated, the new tiles
were composed of silica and aluminum bo-
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rosilicate fiber with 2 percent silicon car-
bide particles (as an emissivity-controlling
agent) in 320-grit (about 41-um) size. These
tiles had lower density than their all-sili-
ca predecessors — 8 Ib/ft3 vs. 9 Ib/ft3
(128 kg/m3vs. 144 kg/m?) as well as higher
tensile strength. However, insulating prop-
erties were not adequate, the thermal con-
ductivity being much higher than that of the

all-silica tiles.

After some experimentation, a new
formulation was found to reduce the ther-
mal conductivity: the concentration of alu-
minum borosilicate fiber was reduced, the
dry (unfired) density of the tile billets was in-
creased, the proportion of silicon carbide
was increased to 3 percent, and the silicon
carbide particle size was reduced to 600
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In space: looking back to look forward.

What can the nature and
origin of the universe tell us
about the future of Earth>
To help answer that
question, we make craft and
instruments for traveling
billions of miles in space
and seeing as far as 15
billion years back in time.
Martin Marietta was the
integrator and builder of
two Viking landers, which
sent back remarkable
photos of the surface of
Mars, examined soil
samples, and studied
Martian weather and
seismic activity. For the
Voyagers we provided
instrumentation that

Altimeter antenna

Rocket engine module

reported on electromagnetic
activity near Jupiter and
Saturn—Voyager 2 went on
to Uranus, some 2 billion
miles from Earth. That was
nine years after launch,
next destination, Neptune,
in 1989, These are but a
few results of Martin
Mariettass ability to create
survivable, mystery-
solving craft and their
instruments—from concept
through mission
completion.

Magellan Spacecraft

N\
$

Mission: map Venus.
From orbit, Magellan’s

radar will penetrate the
planet's thick, gaseous
cloud cover and send back
photo-like images of nearly
90% of its surface. Our
role: design, integrate, build
and test the craflg.



Viewing the infant
universe.

For the Hubble Space
Telescope we are providing
the Faint Object Spectro-
graph (FOS), which will
see objects up to 15 billion
light-years away: Since the
universe is estimated to be
18-20 billion years old,
astronomers will witness

B events close to its birth.

Primary mirror

Satelit The fine points of fine
pointing.

Precisely controlled, space-
spanning energy delivery
and collection systems
create difficult pointing and
. retargeting challenges,
A which we can now
simulate. This new lab is
working toward the
precision to zero in on a
football-size object 3,000
miles away; in support of
the Strategic Defense

Initiative research program.

Fine Pointing Simulator
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grit (14 um), as shown in the table. Although
the density increased slightly with this
formulation, it was still less than that of the
all-silica tiles, and thermal conductivity was
essentially the same as that of the all-silica
tiles.

Apparently the smaller silicon carbide
particles reduce the mean free path for
thermal radiation, thereby increasing scat-
tering in the material. Increasing the dry
density and reducing the aluminum borosi-
licate fiber content have a similar effect.

This work was done by E. Cordia and J.
Schirle of Lockheed Missiles & Space Co.
for Johnson Space Center. For further in-

SiC d Effective
Grit Sizel | Dry (Unfired)| Silica/Aluminum| g, Thermal
Material | Concentration| Density Borosilicate Density | Conductivity
(Percent by | Ibift3 (kg/m?3) Fiber Ib/ft3 (kg/m3)| Relative to
Weight) Ratio All-Silica
Original 32072 50t06.5 78122 8.0t09.0 |Much Higher
Composition (80 to 104) (128 to 144)
— — — — — — — — — — —— — — — — — — — —— — — — —
Improved 600/3 7.0 85/15 8.5 Essentially
Composition (112) (136) Equivalent

Changes in Composition substantially improve the heat-insulating properties of silica-based
refractory tile. The silicon carbide particles act as high-emissivity radiation scatterers in the tile

material.
formation, Circle 130 on the TSP Request
Card. MSC-20601

Paint-Bonding Improvement for 2219 Aluminum Alloy

Delaying a rinse step in a deoxidizing treatment improves bonding.

Marshall Space Flight Center, Alabama

The bonding of adhesives and primers
to 2219 aluminum alloy is improved by de-
laying a rinse step in a surface-treatment
process. Examinations of treated surfaces
by stereo electron microscopy show that
the addition of a delay between the appli-
cation of Smutgo #1 (or equivalent) and the
following water-rinse step causes an in-
crease in the effective surface area.

Although the original process was the
best commercially available, 2219 alumi-
num is difficult to bond, and 700 out of
1,700 parts treated in the standard manner
failed an adhesion test. The failure rates for
various types of parts ranged from 0 to 100
percent. The poor results obtained in the
original treatment seem to be caused by
carbon dioxide dissolved in the rinse water.
Apparently, the carbon dioxide forms a
carbonatelike reaction product with the
aluminum or aluminum hydroxide. This re-
action product terminates the reactivity of
the surface prematurely, producing a
relatively flat surface-oxide thickness.

Delaying the rinse allows the formation
of a rougher surface for stronger bonding
and a greater oxide buildup. Panels that
are rinsed immediately are more sensitive
to moisture and contamination. In tests of
various rinse delays extending all the way
to allowing the sample to dry before rins-

RESULTS FROM AUGER SPECTROSCOPY AND
ELECTRON SPECTROSCOPY FOR CHEMICAL ANALYSIS

Immediate Rinse Delayed
Rinse 10 Min
Surface Roughness 150 A 250 A
Sputter @ 10 A/min 4.25min 5.75 min
Oxide Thickness 4254 575A
Atomic % of Cu 08 1.1
PRIMER-ADHESION TESTS
Proportion of
Demineralized
Water to Smutgo Elcometer (or Equivalent)
(or Equivalent) Wet-Tape Test Value, psi
Rinse Rinse
Immediate Delayed Immediate Delayed
Rinse 10 min Rinse 10 min
50:1 Fail Pass 400 1,300
100:1 Fail Pass 750 1,450
200:1 Fail Pass 1,800 1,900
500:1 Pass Pass >2,000 >2,000
1,000:1 Pass Pass >2,000 >2,000
2,000:1 Pass Pass >2,000 >2,000
Control Pass Pass >2,000 >2,000

Increased Surface Roughness, Oxide Thickness, and Adhesion are exhibited by surfaces

treated with a delayed rinse.

ing, the optimum rinse delay was found to
be 10to 15 min. Test results comparing the
original and the modified treatments are
shown in the table.

This work was done by Alfred F. Daech

and Audrey Y. Cibula of Martin Marietta
Corp. for Marshall Space Flight Center.
No further documentation is available.
MFS-28166

Clarification Procedure for Gels
Potassium-ion substitution in a silicate solution produces transparent gels.

Langley Research Center, Hampton, Virginia

When crystals are grown in gels, it is
preferable that the gels be transparent
enough to allow one to view the crystal
growth. Typically, gels for crystal growth
made by acidifying a stock sodium silicate
solution according to standard laboratory
technique are merely translucent. A proce-
dure has been developed to obtain trans-

&

parent gels with consistencies suitable for
crystal growth, by replacing sodiumions in
the silicate solution with potassium ions.
The clarification process uses a cation-
exchange resin to replace sodium ions in
the stock solution with potassium ions. The
cation-exchange resin is placed in a 1M so-
lution of a soluble potassium salt, such as

potassium nitrate or chloride. This slurry is
stirred for several hours to allow the potas-
sium ions to replace all other cations on the
resin. The supernatant solution on the resin
beads is decanted through a filter, and the
beads are rinsed with distilled water. Rins-
ing removes the excess salt but leaves the
cation-exchange beads fully charged with
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The pretreated cation-exchange resin
beads are then transferred to the sodium
silicate stock solution and stirred for
several hours to allow the sodium ions in
the solution to exchange with the potassi-
um ions from the resin beads. The amounts
of solutions and of resin beads used are not
critical as long as enough quantities are
used to limit the ion exchange only by the
amount of sodium ions in the original stock
solution. The stock solution is poured off
through a coarse filter and used to prepare
gels that are much more transparent than
those made with untreated stock solution.
The cation-exchange beads in the filter can
be rinsed with distilled water and reused. In
fact, they can be stored in the potassium
salt solution.

It is recommended that the treated po-
tassium silicate stock solution be mixed
with cool, boiled (to remove dissolved
gases from the water), distilled water and
that the mix be acidified with acetic acid in
the following proportions:

* 16 parts treated stock solution;
* 25 to 29 parts cool, boiled, distilled water,
and
* 25 to 26 parts acetic acid solution (1M to
4M).
Itis important that the components be mix-
ed in the above order to yield clear, repro-
ducible gels. The smaller volumes result in
firm gels, while the larger volumes give
softer gels. The more concentrated acid
solutions cause the gel to set faster than do
the weaker solutions. Individual experi-
mentation is required to produce gels of
the proper consistency and setting time for
the desired application.

This work was done by Patrick G. Barber
and Norman R. Simpson of Longwood Col-
lege for Langley Research Center. For
further information, Circle 156 on the TSP
Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Langley Re-
search Center [see page 14]. Refer to
LAR-13476

Localized Densi-
fication of Tile for
Impact Resistance

Colloidal silica is applied, in
controlled quantities, only
where it is needed.

Lyndon B. Johnson Space
Center, Houston, Texas

A densification process increases the
impact resistance of lightweight, porous
silica tile without appreciably raising its
weight. The process is similar to one
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described in “Attaching Metal Fasteners to
Silica Tiles” (MSC-20537), page 122, NASA
Tech Briefs, Vol. 10, No. 1 (January/
February 1986). A colloidal suspension of
silica is used to increase the density of the
small portion of the tile to be strengthened;
the process controls the penetration of the
suspension both laterally and vertically so
that densification is limited to the volume
where it is needed. This ensures that the
weight is increased only minimally.

The tile is first waterproofed throughout
with methyltrimethoxysilane. The surface
of the portion to be strengthened is then ex-

posed to radiant heat long enough to burn
out the waterproofing to the intended

depth below the surface. The tile will ac-
cept the densifying agent in the dewater-
proofed region but not in the waterproofed
region. The heating time is calculated from
an equation that relates the surface
temperature, as measured by a thermo-
couple, to the depth at which the tile
temperature rises to 1,050 °F (566 °C),
which is the temperature at which the
waterproofing is destroyed.

Next, the tile is weighed. The weight gain
that will yield the required density increase
in the dewaterproofed region is calculated.
The open volume of the total volume to be
dewaterproofed is calculated from the
known density of silica [137 Ib/t3 (2,200




kg/m3)] and the measured density of the
tile. A volume of colloidal silica suspension
equal to this open volume is applied to the
dewaterproofed surface.

The tile is dried in air for 24 hours, then
heated inan oven at 110°C for 1 hour. The
tile is weighed, and its new weight is com-
pared with the calculated weight gain for

—
Making Highly Porous Ceramics

Freeze drying generates high porosity.

Lyndon B. Johnson Space Center,

Houston, Texas

Rigid, lightweight insulation that can
withstand temperatures greater than
1,400°C is made by a cryogenic freeze-
drying process. When fully developed, the
new insulation is expected to have a solid
content as low as 1 percent by volume and
to be mechanically isotropic. Insulation
made from silica fibers, in contrast, has a
lower temperature limit and is weaker in
certain directions because of the anisotro-
py introduced by the fibrous microstruc-
ture.

In an experiment, sodium carbonate in
water and aluminum sulfate in water were
mixed with more water to form a solution
containing 94 percent water by volume.
(The water content is important because it
controls the solid content in the finished
product.) The slurry was sprayed into liquid
nitrogen, where it froze so rapidly that the
components were prevented from segre-
gating. The solids thus formed had a uni-
formly fine microstructure.

The frozen solids were placed in a
vacuum chamber. The ice evaporated,
leaving a powder of porous particles (see
figure). The powder was poured into a
mold, uniaxially pressed, and sintered at
1,475 to 1,600 °C. The product was a rigid
alumina ceramic of greater than 90 per-
cent porosity. The product resisted at-
tempts to increase its density by heating,
even at temperatures as high as 1,600 °C.

This work was done by David J. Green of
Rockwell International Corp. for Johnson
Space Center. For further information,
Circle 120 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Johnson
Space Center [see page 14]. Refer to
MSC-20782.

NASA WANTS YOU
to tell your fellow citizens how you have
appiied NASA research in your products
of processes.
For more information, call:
Linda Watts
{301) 6210241
NASA Spinoffs

the requisite local increase in density. If the
tile is underweight, the densification proc-
ess is repeated.

This work was done by Laurence W.
Smiser and Jack W. Holt of Rockwell Inter-
national Corp. for Johnson Space
Center. For further information, Circle 70
on the TSP Request Card. MSC-20612

OPTICAL MICROGRAPH

Photographs of Increasing Magnification
show loosely packed particles of the freeze-
dried powders (top and middle). The porous
surface of one particle is shown at the bot-
tom.

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 Low Gravity on
Superalloy Solidification

Interdendritic spacings and
carbide contents increase.

A report describes experiments on the
directional solidification of MAR-M246(Hf)
superalloy in low gravity. MAR-M246(Hf)
is a nickel-based alloy containing 1.5 per-
cent hafnium among other elements. The
experiments were intended to determine
the effects of the reduction in gravity (and
consequently of convection in the melt)
on the growth of dendrites and on the
resultant interdendritic segregation of
various constituents, particularly of the
additive hafnium.

The microstructure of MAR-M246(Hf)
includes a nickel-based matrix, carbides,
and a yly' eutectic. The precipitated y’
phase strengthens the nickel-based ma-
trix. The hafnium is added because it
serves as a carbide former and grain-
boundary strengthener.

The alloy was directionally solidified in
a furnace with a water-cooled quenching
block in a KC-135 airplane. The samples
were repeatedly subjected to about 1072
normal gravity for about 30s during
flights on parabolic trajectories, followed
by as much as 1%z min at about 1.8 times
normal gravity during pullout and climb.
Growth rates of 1.0 and 1.6 cm/min were
selected because they produce excellent
dendritic structures in the laboratory and
enable about 5 mm of sample to be solidi-
fied during the low-gravity intervals. After
solidification, the samples were polished
and analyzed by standard micrographic
and electron microprobe technigues. The
spacings of secondary dendrite arms and
the volume fractions of carbides were
measured along the length of each sam-
ple.

The low-gravity portions of the samples
show increases in the spacings of the
primary and secondary dendrite arms
and in the interdendritic segregation of
hafnium. The latter effect is apparently
due to the decrease of convection, which
would normally serve to reduce the segre-
gation. There is a conseguent increase in
the hafnium contents of the carbides. This
causes the carbide particles to become
more blocky, as usually happens when
hafnium is added. The amounts of in-
terdendritic constituents and carbides
decrease with decreasing gravity; this is
an effect usually seen when the interden-
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dritic spaces increase as they do here.

Mechanical tests could not be per-
formed because the samples were too
small. However, the authors note that the
microstructural changes produced by
low gravity are traditionally associated
with improvements in the mechanical
properties of superalloys, including resist-
ance to high-temperature fatigue.

This work was done by M. H. Johnston,
R. A. Parr, P. A. Curreri, and Wendy Alter
of Marshall Space Flight Center. 7o ob-
tain a copy of the report, “Gravity Level
Induced Microstructural Variations in a
Directionally Solidified Superalloy,” Circle
30 on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel, Mar-
shall Space Flight Center [see page 14].
Refer to MFS-28027.

Solidifying Mn/Bi in a
Magnetic Field

The magnetic effects are
similar to those of low
gravity.

A report describes experiments in the
directional solidification of eutectic Mn/Bi
in a magnetic field. The purpose of the
study was to determine whether the ef-
fects of gravitationally-induced convec-
tion could be reduced or eliminated by
the magnetic field. Morphological, ther-
mal, and magnetic analyses were done
on samples grown at various speeds and
at various applied field strengths.

The microstructure of directionally
solidified eutectic Mn/Bi is characterized
by rods aligned with the direction of
growth and interfaces between faceted
and nonfaceted phases. In addition, the
equilibrium phase of Mn/Bi exhibits
strong ferromagnetism. Previous studies
had indicated that when growth is carried
out in low gravity to suppress convection,
the Mn/Bi rod diameter, interrod spacing,
and solidification temperature are re-
duced, whereas the magnetic properties
are enhanced.

Samples of Mn/Bi 5 cm long were pre-
pared in quartz crucibles. A subminiature
thermocouple was placed 2 cm from the
lower end of each sample to provide in
situ temperature measurements. The
samples were directionally solidified in a
vertical, growth-up orientation in a
Bridgman-Stockbarger furnace with a re-
sistance-heated hot zone, a water-cooled
chilling block, and an insulated adiabatic
zone between. The samples were held
stationary while the furnace was moved
upward at speeds ranging from 0.2 to 50
cm/h. The thermal gradient in each sam-
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ple was maintained at 100 °C/cm or
150 °Clcm. When the magnetic field was
used, it was applied perpendicularly to
the growth axis, usually at a strength of 3
kG.

At growth speeds below 0.5 cm/h, the
magnetic field had no effect on the
microstructure, which was characterized
by nonaligned, irregularly dispersed
Mn/Bi platelets. At growth speeds above
3 cm/h, the transverse magnetic field
reduced the rod diameter and spacing,
enhanced undercooling, and increased
magnetic coercive strength. At a growth
speed of 3cm/h and in the magnetic field,
the higher thermal gradient resulted in a
more uniform Mn/Bi microstructure.
These observations agree remarkably
well with those obtained in low gravitation
at 30 cm/h and 50 cm/h and are consis-
tent with the theoretical prediction that
the magnetic viscosity predominates
over the buoyant forces that drive ther-
mal convection under the given experi-
mental conditions.

This work was done by J. L. DeCarlo
and Ron G. Pirich of Grumman Aero-
space Corp. for Marshall Space Flight
Center. To obtain a copy of the report,
“Effect of Applied Magnetic Fields during
Directional Solidification of Eutectic
Bi-Mn,"” Circle 33 on the TSP Request
Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel. Marshall
Space Flight Center [see page 14]. Refer
to MFS-28123.

Trifluorophenylethylidene
Condensation Polyimides

Synthetic versatility pro-
vides high-Tg films and melt-
fusible molding resins.

A report describes the synthesis and
properties of trifluorophenylethylidene (3F)
condensation polyimides. The properties
of these new polymers may make them
suitable as thermal-control coatings, inter-
layer dielectrics in advanced wafer chips,
and electronic-multilevel-interconnection
layers.

The hexafluoroisopropylidene (6F) con-
necting group used to prepare commer-
cially available aromatic polyimides has
been shown to result in resins with high
glass-transition temperatures (Ty's) and
excellent thermo-oxidative stability. In-
creases in the useful lifetime of 6F polyi-
mides at temperatures up to 700 °F
(371 °C)are desirable for use in jet engines.
Increasing the Ty and the thermal/thermo-
oxidative stability increases the potential
for use at higher temperatures.

The 3F condensation polyimide resins
are based on connecting linkages some-
what analogous to those in 6F polyimides.
The 3F condensation polyimides represent
the following: (a) an alternative to the
6F-based laminating resins presently com-
mercially available, (b) a technology for
new polyimide film products (6F resins are
unavailable as films), and (c) an improve-
ment over the existing 6F technology be-
cause of the “synthetic versatility” re-
sulting from the use of the 3F phenyi ring as
the site to modify polymer properties
chemically. The latter capability is not
available in existing 6F-resin technology
because of the lack of the necessary
phenyl ring as the synthetic site.

This investigation identified a synthetic
route to the new 3F dianhydride monomer
and improved the synthetic route to the ex-
isting 3F diamine monomer. These mono-
mers were then used to synthesize nine
new polyimides with 3F connecting link-
ages. Prepared by traditional condensa-
tion polymerization, these 3F polyimides
had molecular weights higher than those
of the analogously prepared 6F polyimides.

The 3F polymer solutions were thermal-
ly converted at 570 °F (299 °C) into polyim-
ide films. These films were converted into
molding powders and then into neat resin
disks. The resin disks were prepared at
temperatures up to 875 °F (468 °C).
Isothermal-weight-loss studies identified
two new polyimides containing 3F; namely,
3F-dianhydride/paraphenylene-diamine
and 6F-dianhydride/3F-diamine. These
polymers exhibited low weight losses simi-
lar to those of the oxidatively stable
6F-dianhydride/paraphenylene-diamine
and pyromellitic-dianhydride/6F-diamine
resins.

Test results indicated that the polyim-
ides containing the 3F linkage exhibit T
values and thermal/thermo-oxidative
stabilities similarly high to those of polyim-
ides containing the 6F linkage. Because of
their expanded synthetic versatility, these
3F condensation resins represent the next
generation of condensation polyimides.

This work was done by William B.
Alston of Lewis Research Center and
Roy F. Gratz of Mary Washington College.
Further information may be found in
NASA TM-87113 [N86-12311/NSP],
“Structure-to-Glass Transition Tempera-
ture Relationships in High Temperature
Stable Condensation Polyimides."

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

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center [see page 14].
Refer to LEW-14386.
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When he goes up

to push

the envelope,youdonthave a

split secon

In a test pilot's critical world of action,
that split second can mean the
difference between life and death.
When you're monitoring the parameters
that keep test pilots flying, you can't
afford the delays inherent to some
recording systems.

Gould recording systems, such as
the 3000 series and the new MK 200A,
show what's happening on board,
as it happens. No delay. No questions.
A moving pen or video monitor
informs you instantaneously about
changes in pressure, temperature,
pitch, vibration—all the human and
mechanical parameters so critical
to flight testing.

Highly reliable, rugged Gould
strip chart recorders have been the
standard in the aerospace industry

for over 40 years. More than 100,000
channels are currently in use.

Fully programmable and remote
controllable, both the 3000 and the
new MK 200A carry on this tradition,
giving you matchless Gould trace

Circle Reader Action No. 486

d to waste.

quality, IRIG/NASA time code inter-
facing, and choice of configurations.
So, before you make a decision on
telemetry display equipment, flight
test the new MK 200A or the other
Gould oscillographic strip chart
recorders and emulators. They're built
on the premise that you don't have
a split second to waste.
For more information on
real-time recording systems, call
1-800-GOULD-10, or write Gould Inc,,
Test and Measurement, 3631 Perkins
Avenue, Cleveland, Ohio 44114.
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COSMIC's inventory is updated regularly;
ported in Tech Briefs. For additional information on any of the pro-
grams described here, circle the appropriate TSP number.

If you don’t find a program in this issue that meets your needs, call
COSMIC directly for a free review of programs in your area of interest.
YoucmdtopumhuethﬂﬁOOSMICSoﬂwnCddog contain-

ing descriptions and ordering

OOSMIC is part of NASA’: sTschMinﬂon Network.

Software
COSMIC, NASA's Computer Software Management and Informa-
tion Center, distributes software developed with NASA funding to in-

t agencies and academia.

information for available software.

COSMIC® — John A. Gibson, Director, (404) 54

Computer Services Annex, University o Georgla. Athens, GA 30602

Computer Programs

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

Electronic Systems

&

A Computer System for
Mission Managers

The system helps the mission
manager coordinate diverse
functions and produce
documentation.

The Mission Managers’ Workstation
(MMW) is a personal-computer-based sys-
tem providing data management and re-
porting functions to assist Space Shuttle
mission managers. The full work station is
composed of IBM PC hardware, packaged
software, and custom software integrated
into a friendly, menu-driven system. Before
each Shuttle mission, a series of reports
and flight-readiness documents must be
issued and approved by the mission man-
ager. MMW automates the production of
these commit-to-flight documents. MMW
also acts as a general productivity aid by
providing central data storage and word
processing.

There are four data bases incorporated
in the package:

. The Flights data base contains the bulk
of information of planned Shuttle flights.
It holds data applicable to launch, as-
cent, orbit, descent, cargo, structure
weights, mission requirements and ob-
jectives, etc.

2. The Flight Experience data base stores
combined information from previous
flights.

3. The Mass Properties data base holds
engineering specifications to aid in cen-
ter-of-gravity modeling and calculations.

4. The Item Scheduler data base contains
information about the series of qvents
preceding launch day.

—h
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The work station allows the mission
manager to relate events and stored data
in a more timely and organized fashion.
Using MMW, standard reports can be for-
matted, generated, edited, and elec-
tronically communicated with a minimum
of clerical help.

MMW is written in PASCAL, BASIC, and
assembler for interactive execution and
has been implemented on an IBM XT com-
puter operating under DOS with a central-
memory requirement of approximately
640 K of 8-bit bytes and 10 Mbytes of hard-
disk space. For full implementation, MMW
also requires the following commercially
available software: WordStar, SmartCom,
Sidekick, R:Base 4000, Extended Batch
Language, Fixed Disk Organizer, and File
Path Program. This program was devel-
oped in 1985.

This program was written by Robert
Tolchin, Sathy Achar, Tina Yang, and Tom
Lee of Abacus Programming Corp. for
Johnson Space Center. For further infor-
mation, Circle 71 on the TSP Request Card.
MSC-21092

Control-System Design
Program

Multi-input and multioutput
systems can be located in
continuous and discrete
forms.

This control-theory design package,
called Optimal Regulator Algorithms for
the Control of Linear Systems (ORACLS),
was developed to aid in the design of con-
trollers and optimal filters for systems that
can be modeled by linear, time-invariant
differential and difference equations. Opti-
mal linear quadratic regulator theory, cur-
rently referred to as the Linear-Quadratic-
Gaussian (LQG) problem, has become the
most widely accepted method of determin-
ing optimal control policy. Within this
theory, the infinite-duration, time-invariant
problems, which lead to constant-gain
feedback control laws and constant
Kalman-Bucy filter gains for reconstruction
of the system state, exhibit high tractability
and potential ease of implementation.

Avariety of new and efficient methods in
the field of numerical linear algebra have

been combined into the ORACLS program,
which provides for the solution to time-in-
variant continuous or discrete LQG prob-
lems. The ORACLS package is particularly
attractive to the control-system designer
because it provides a rigorous tool for deal-
ing with multi-input and multioutput dyna-
mic systems in both continuous and dis-
crete form.

The ORACLS programming system is a
collection of subroutines that can be used
to formulate, manipulate, and solve various
LQG design problems. The ORACLS pro-
gram is constructed in a manner that per-
mits the user to maintain considerable
flexibility at each operational state. This
flexibility is accomplished by providing
primary operations, analysis of linear time-
invariant systems, and control synthesis
based on LQG methodology.

The input/output routines handle the
reading and writing of numerical matrices,
printing heading information, and ac-
cumulating output information. The basic
vector/matrix operations include addition,
subtraction, multiplication, norm construc-
tion, tracing, transposition, scaling, jux-
taposition, and construction of null and
identity matrices. The analysis routines
provide for the following computations: the
eigenvalues and eigenvectors of real
matrices, the relative stability of a given
matrix, matrix factorization, the solution of
linear constant-coefficient vector/matrix
algebraic equations, the controllability
properties of a linear time-invariant
system, the steady-state covariance
matrix of an open-loop stable system forc-
ed by white noise, and the transient
responses of continuous linear time-
invariant systems.

The control-law design routines of
ORACLS implement some of the more
common techniques of time-invariant LQG
methodology. For the finite-duration opti-
mal-linear-regulator problem with noise-
free measurements, continuous dyna-
mics, and integral performance index, a
routine implements the negative-exponen-
tial method for finding both the transient
and steady-state solutions to the matrix
Riccati equation. For the discrete version
of this problem, the method of backwards
differencing is applied to find the solutions
to the discrete Riccati equation. A routine
is also included to solve the steady-state
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Riccati equation by the Newton algorithms
described by Klein for continuous prob-
lems and by Hewer for discrete problems.

Another routine calculates the prefilter
gain to eliminate control-state cross-pro-
duct terms in the quadratic performance
index and the weighting matrices for the
sampled-data, optimal-linear-regulator
problem. For cases with measurement
noise, duality theory and optimal-regulator
algorithms are used to calculate solutions
to the continuous and discrete Kalman/
Bucy filter problems. Finally, routines are
included to implement the continuous and
discrete forms of the explicit (model-in-the-
system) and implicit (model-in-the-perform-
ance-index) model following theory. These
routines generate linear control laws that
cause the output of a dynamic time-invari-
ant system to track the output of a pres-
cribed model.

Inorder to apply ORACLS, the user must
write an executive (driver) program that
enters the problem coefficients, formu-
lates and selects the routines to be used to
solve the problem, and specifies the de-
sired output. Three versions of ORACLS
source code are available for implementa-
tion: CDC, IBM, and DEC. The CDC version
has been implemented on a CDC 6000-
series computer with a central-memory of
approximately 13K (octal) of 60-bit words.
The CDC version is written in FORTRAN IV
and was developed in 1978. The IBM ver-
sion has been implemented on an IBM
370-series computer with a central-me-
mory requirement of approximately 300K
of 8-bit bytes. The IBM version is written by
FORTRAN IV and was generated in 1981.
The DEC version has been implemented
on a VAX-series computer operating under
VMS. The VAX version is written in
FORTRAN 77 and was generated in 1986.

This program was written by Harold P.
Frisch of Goddard Space Flight Center.
For further information, Circle 83 on the
TSP Request Card.

GSC-13067
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Program Generates Views
of Complicated Objects

Line drawings and other
representations are produced
by computer-aided design.

Mathematics and
Information Sciences

PLAID is a three-dimensional Computer

Aided Engineering (CAE) program that en-
ables the user to construct, manipulate,

and display interactively highly complex
geometric models. PLAID was initially
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developed by NASA to assist in the design
of Space Shuttle crew-station panelsandin
the assessment of payload handling. It has
evolved into a more general program for
convenient use in many engineering appli-
cations. Special effort was made to incor-
porate technigues and features that mini-
mize the user's workload in designing and
managing PLAID models.

PLAID consists of three major modules:
the Primitive Object Generator (BUILD),
the Composite Object Generator (COG),
and the DISPLAY Processor. The BUILD
module provides a means of constructing
simple geometric objects called primitives.
The primitives are created from polygons
that are defined either explicitly by vertex
coordinates or graphically by the use of ter-
minal crosshairs or a digitizer. Solid ob-
jects are constructed by combining, rotat-
ing, or translating the polygons. Corner
rounding, hole punching, milling, and con-
touring are special features available in
BUILD.

The COG module hierarchically organ-
izes and manipulates primitives and other
previously defined COG objects to form
complex assemblies. The composite ob-
ject is constructed by applying transfor-
mations to simpler objects. The transfor-
mations include scalings, rotations, and
translations. These transformations may
be defined explicitly or defined graphically
using the interactive COG commands.

The DISPLAY module enables the
user to view COG assemblies from ar-
bitrary viewpoints (inside or outside the
objects) both in wire-frame and hidden-
line renderings. The PLAID projection of a
three-dimensional object can be either or-
thographic or with perspective. A conflict-
analysis option enables the detection of
spatial conflicts or collisions. DISPLAY pro-
vides camera functions to simulate a view
of the model through different lenses.
Other features include the generation of
hard-copy plots, scaling and zoom options,
distance tabulations, and descriptive text
in different sizes and fonts.

An object in the PLAID data base is not
just a collection of lines; rather, it is a true
three-dimensional representation from
which correct hidden-line renditions can
be computed for any specified eye point.
The drawings produced in the various
modules of PLAID can be stored in files for
future use.

PLAID is written in FORTRAN 77 for
single-user interactive execution and has
been implemented on a DEC VAX-series
computer operating under VMS with a rec-
ommended core memory of four M-bytes.
PLAID requires a Tektronix-4014-compati-
ble graphics display terminal and optionally
uses a Tektronix-4631-compatible
graphics hard copier. Plots of resulting
PLAID displays may be produced using the
Calcomp 960, HP 7221, or HP 7580 plotter.
Digitizer tablets can also be supported.

This program was written by Jeri W.
Brown of Johnson Space Center. For fur-
ther information, Circle 39 on the TSP Re-
quest Card.

MSC-21172

Managing Development
and Maintenance
of Software

This computer program
assists in the development of
other computer programs.

The Source Management Utility (SMU)
computer program is a tool to manage the
development and maintenance of compu-
ter software. Its purpose is to control an
organization of configured data sets that
contain source, object, and load-module
files.

At each step of the development proc-
ess, SMU produces files that trace the revi-
sion history of a particular program. Pro-
grams can be controlled by restricting
compilation or linking privileges and by re-
quiring a designated primary user to
authorize all changes. SMU provides an
easy-to-use method of software manage-
ment by supplying source-code control,
tracing of all software modifications, and
historical documentation.

SMU builds a data base of configured
files with particular formats, file specifica-
tions, etc. Common file types include
FORTRAN, PL/1, PASCAL, ASM, JCL,
CLIST, and TEXT. The SMU system con-
tains a user-interface program based on
the IBM ISPF facility program for screen
formatting and user dialog. The user can
interactively perform such software-
maintenance functions as create, edit,
compile, link, and load (subject to approval
by the primary user).

SMU manages file-history data sets that
can be viewed by the user for dates, code
changes, reasons, etc. Using SMU com-
mands, local files can be compared to the
“official” production version, the availabili-
ty of data sets can be confirmed, and previ-
ous program versions can be fully re-
stored.

SMU is written in PL/1 and assembler
for interactive execution and has been im-
plemented on an IBM 3030-series compu-
ter operating under OS/MVS with a central-
memory requirement of approximately
200K of 8-bit bytes. SMU requires the IBM
programs TSO and ISPF. Installation of the
SMU system requires knowledge of the
AS/MVS operating system. Release 3 of
SMU was developed in 1985.

This program was written by Gerald W.
Rook and David E. Statezni of Rockwell In-
ternational Corp. for Johnson Space Cen-
ter. For further information, Circle 160 on
the TSP Request Card.

MSC-21142
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Only one video camera can be any video camera you want 1t to be.

Available on GSA Contract GSOOK87AGSOI0L.

Panasonic HD

Imagine being able to design a camera to
suit your every need. You can with the
Panasonic* WV-D5000 because it totally
modular. Just choose the ENG, EFP, or studio
configuration that right for you.

The WV-D5000 is even more versatile.
You can use some of the world’s finest
photographic lenses. Lenses you may already
own. Lenses from Canon, Pentax, Minolta,
Olympus and Nikon. Wide angle lenses. Long
lenses. Lenses for telescopy and microscopy.

And if that isn’t impressive enough, the
WV-D5000 has a strobe-effect shutter speed
of Yiweoth of a second. That means you can
shoot high-speed action like a roller coaster
and during VCR playback actually see the
excitement on a childs face.

But whether the action is fast or slow,

the WV-D50005 CCD pickup element provides
clear; stable video images with a minimum
of blooming and burn-in. Horizontal resolu-
tion is a hefty 380 lines
while SIN is a quiet 46dB.
And when it comes to
light, you need only 0.7
footcandles at 14,

You'd expect a
camera of this caliber
to be fully flexible, and
the WV-D5000 fulfills your every expectation.
With auto-tracing white balance, intermittent
recording as well as audio and video fade-in
and fade-out.

The Panasonic WV-D5000. It the one
video camera you can customize to be any
video camera.

Circle Reader Action No. 380

Panasonic

Professional/Industrial Video

For more information and your copy

of the Authorized Communications
Schedule Price List contact your local
Panasonic Industrial Video dealer or call
(703) 486-5533 (FTS: (202) 486-5533) or
write to Government Marketing Dept.,
Panasonic AVSG, Suite 901, 1215 Jefferson
Davis Highway, Arlington, VA 22202-4302.
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Sealed Joints for Hard Suits or Robots

Developed for space suits, the joint principle has other applications.

Ames Research Center, Moffett Field, California

A double-walled joint allows relative
movement, including rotational move-
ment, between members while sealing
the interior from the external environ-
ment. Developed for shoulder-to-arm and
hip-to-leg connections in space suits, the
joint may also be used on diving suits and
on manipulation sleeves for autoclaves
and high-vacuum boxes. It can be used
as a protective cover for articulated
torque drives in hostile environments.

The outer wall of the joint is made of a
hard material, such as rigid plastic or
metal, in the form of toroidal sections.
The outer sections rotate on ball bearings
in cylindrical flanges on their ends. The in-
ner wall is a bellowslike sleeve. Each sec-

tion of the outer wall can turn indepen-
dently of the other sections, clockwise or
counterclockwise, through angles up to
360°.

The inner wall does not rotate with the
outer sections but expands and contracts
locally to accommodate their rotation.
The inner wall thus maintains a seal,
while the outer wall protects against
mechanical damage. Together, they al-
low the wearer to move with minimal hin-
drance.

In a shoulder/arm joint, for example,
three sections of progressively smaller
size are used (see figure). The ends of the
sections are circular and lie on intersec-
ting planes. Each section has two ball-

bearing races. Because the sections
have differing diameters, a sidewall ex-
tends from the edge of a larger section to
the ball-bearing race that joins it to an ad-
jacent smaller section. Thus, each side-
wall has an eccentric circular aperture
that is concentric with an inner ball-
bearing race. A flange at the outer diame-
ter of the sidewall forms the race of the
larger ball bearing of the larger section.
Another flange at the smaller eccentric
hole on the sidewall forms the smaller
ball-bearing race, that joins the larger
section to the smaller section.

An inner bellows wall is positioned
within each outer wall section. A bellows
is connected to its respective outer sec-

Inner
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(Bellows)

Retaining
Wire

Ball
Bearing

Insulating
Material
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Piece

________
—

Ball
Bearing

Comfort
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Outer
Ball Bearing

Outer Wall
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Ball
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2\ Outer Wall
8\ Section 3
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A Shoulder-to-Arm Joint allows a wearer to move with considerable freedom while sealing the wearer from the outside environment. The in-
ner wall, which is a set of bellows, is generally compressed at the inner arm and expanded at the outer arm, but the degree of compression or
expansion changes continuously as the arm moves.
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The most difficult positioning tasks are made simple
by using Klinger’s motor driven MT and TCB stages.
Our rugged all-steel construction and superior design
put these stages in a class by themselves.

The MT stages offer resolution of 0.000004" over
10" of travel. Precision-ground lead screws and pre-
loaded linear bearings ensure high-accuracy under
loads up to 220 Ibs.

For more demanding requirements, our TCB linear
stages provide travel ranges to 40" and load capaci-
ties to 450 Ibs.

All Klinger linear stages are easily assembled for
XY or complex multiaxis positioning systems.
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Options include incremental encoder for position
verification, homing, clean room or vacuum prep-
aration.

Don’t compromise. The best is always a bargain.
Klinger standards of engineering and manufacturing,
as exemplified by our MT and TCB series linear
stages, have made us the world leader in microposi-
tioning systems. Get our free 212-page microposition-
ing handbook for complete specifications on these
and thousands of other components.

Write or phone Klinger Scientific Corporation,
110-20 Jamaica Avenue, Richmond Hill, NY 11418.
(718) 846-3700.

KLiNGER

@ Worldwide Network to Meet Your Needs e France: Micro Controle, Evry, (tel ) 54979898 @ England: Micro Confrole. Newbury. (tel ) 44/635521 757 e Italy: Nachet
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tion by welding, brazing, or adhesive
bonding it to attachment flanges. This
connection and O-rings hermetically seal
the interior of the joint. The space be-
tween a bellows and its outer wall may
contain thermal insulation or radiation
shielding.

Comfort rings protect the wearer from
chafing against the flanges of the outer
wall sections. They are made of a rub-
berlike material.

The topmost outer wall section is
coupled to the shoulder piece by a ball
bearing. Thus, this wall section can rotate
with respect to the shoulder piece. Its
bellows section, however, does not rotate
with respect to the shoulder piece; an

O-ring and a retaining wire prevent
relative motion between the bellows-
attachment flange and the interior ball-
bearing race of the joint. Similarly, the
succeeding sections of outer wall are
free to rotate with respect to each other.
Their bellows, however, are restrained by
O-rings and retaining wires. Each bellows
remains stationary with respect to the
shoulder piece. Instead of rotating, the
bellows undergo local compression and
expansion changes as the wearer moves
the arm. The sections can be removed
and added for replacement or to shorten
or lengthen the joint. When the retaining
wires are in place, the sections are held
securely together. When a retaining wire

is withdrawn, however, the adjacent sec-
tion can be removed. When a new sec-
tion is added, the wire is reinserted and
holds the new section in place.

This work was done by Hubert C.
Vykukal of Ames Research Center. For
further information, Circle 57 on the TSP
Request Card.

This invention is owned by NASA, and
a patent application has been filed. In-
quiries concerning nonexclusive or ex-
clusive license for its commercial
development should be addressed to the
Patent Counsel, Ames Research Center
[see page 14]. Refer to ARC-11534.

Coatings Show Laminar Boundary-Layer Transitions

Color changes in liquid crystals reveal changes in shear stress.

Langley Research Center, Hampton, Virginia

The visualization of the laminar-to-
turbulent boundary-layer transition plays
an important role in flight and in wind-
tunnel aerodynamic testing of aircraft wing
and body surfaces. A new method, utilizing
liquid-crystal coatings, provides a means
to visualize this transition in flight. The dif-
ference in levels of relative shear stress or
skin friction between laminar and turbulent
boundary layers is about one order of mag-
nitude; turbulent skin friction can be about
10 times as great as laminar skin friction.
This difference in skin friction is the
physical parameter to which the liquid
crystals respond. The transition can be
measured and documented on aircraft in
flight at altitudes above 20,000 ft (6,100 m),
up to at least 50,000 ft (15,000 m) at sub-
sonic and supersonic speeds. The tech-
nique has rapid response and is reversible;
it has the capability of indicating an
unlimited number of transition locations
during a single flight.

Liquid crystals belong to a peculiar state
of matter between solid and liquid in which
molecules are elongated in one direction.
Although they appear as oily liquids, they
have certain properties of solid crystals. In
particular, they scatter light very selective-
ly. Because of their peculiar molecular
structure, liquid crystals change colors in
response to changes in shear stress, tem-
perature, ferromagnetism, and chemical
vapors. Since its chemical structure is
unaffected by these changes, a liquid-
crystal coating will respond repeatedly to
the same physical changes.

Available liquid crystals include those
that operate at virtually all altitudes and
speeds of interest in flight applications and
which can be formulated to change colors
across the entire visible spectrum, from
red to violet, over a temperature range as
small as 1.8°F (1°C) or as large as 90 °F
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(50°C). For flight applications, it is usually
desirable to use formulations with as wide
a temperature band as possible to allow for
transition measurements over a large
range of altitudes in one flight. With care,
the liquid crystals can be used to indicate
the locations of such other aerodynamic
phenomena as shock locations and lami-
nar-separation bubbles. Since the re-
sponse time of a liquid crystal coating can
be less than 0.2 second, real-time observa-
tions of transition motions with changing

flight conditions are possible.

Various application techniques are ef-
fective. The best visual and photographic
results have been obtained by using the
liquid-crystal coatings applied over flat
black surfaces, although good transition
patterns have been observed on other
dark-colored backgrounds as well.The lig-
uid crystal material can be applied by hand
rubbing, with a brush, or by spraying. It is
important that the coating have uniform
thickness for maximum clarity in transition-

Liquid Crystals on the Winglet clearly shown the laminar-to-turbulent boundary-layer transi-

tion, at an altitude of 48,000 ft (14,600 m).
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pattern development. Coatings that are too
thick will run under aerodynamic loading,
and thicker coatings can affect the transi-
tion location. Although a single coating can
be used repeatedly, liquid crystals are sen-
sitive to ultraviolet light and can eventually
cease to operate.

The figure shows transition on a Lear-jet
winglet in flight using a chiral nematic lig-
uid crystal coating on a flat black back-
ground. This particular formulation had a
temperature-response range beginning at
—22°F (—30°C), and the flight conditions
were an altitude of 48,000 ft (14,600 m) at
mach 0.8. Percent chord location mark-
ings appear at the lower edge of the black
region, and the transition is indicated clear-
ly by a color change near the 60-percent
chord location. The wedge-shaped tur-
bulent region near the winglet tip was
caused by an intentional roughness trip.

Excellent correlations have been observed
between the transition indicated by liquid
crystals and the transition indicated by
other methods, including sublimating
chemicals, oil flow, and hot films. Liquid
crystal coatings are also useful for wind-
tunnel and water-tunnel testing and can
provide indications of shock-wave loca-
tions.

Results can be recorded on still or mo-
tion photographic film or on video tape. The
best results were obtained with lighting
emanating from behind the viewer and
camera and onto the coated surface. The
use of a polarizing filter on the camera lens
provides improved color rendition under
many lighting conditions. Even with less-
than-optimum lighting angles for the
camera, transition locations are still readily
discernible by the human eye.

This work was done by Bruce J. Holmes,

Peter D. Gall, Cynthia C. Croom, Gregory S.
Manuel, and Warren C. Kelliher of Langley
Research Center. Further information
may be found in NASA TM-87666 [N86-
21518/NSP], “A New Method for Boundary
Layer Transition Visualization In Flight —
Color Changes in Liquid Crystal Coatings.”

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

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Langley Research Center [see
page 14]. Refer to LAR-13554

Thermally Activated Driver

A precise, large-force driver has many potential applications and requires no power.

Langley Research Center, Hampton,

Virginia

A space-qualified, precise, large-force,
thermally activated driver (TAD) has been
developed for use in space on an astro-
physics experiment to measure the abun-
dance of the rare actinide-group elements
in cosmic rays. These actinide abundanc-
es, which hold clues to the origin and evolu-
tion of cosmic rays, will be determined
through analyses of energetic-particle
tracks in stacks of thin plastic sheets after
the sheets have been exposed in space for
a number of years and then recovered.
Etching of the plastic sheets after they are
penetrated by elements results in conical
pits at each track site. With proper analysis
of the etch pits, the abundances of the ac-
tinide elements can be established.

One requirement in this technique is
that the temperature of the plastic stacks
at the time a track is produced, a critical
item of information in the analysis of etch
pits, must be known to within 1°C. The
precise TAD was developed to be the heart
of the event thermometer (ET) system that
will be used on the mission. The ET system
is illustrated in Figure 1. Two plastic sheets

/ Cosmic-Ray
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ET Sheet

Fixed

ET Sheet

= }\ Thermally Activated Driver
1 Plastic Stack To

Detect Cosmic Rays
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yAA/Y. } Stack
/

DETAILS OF ETCH PITS
IN ET SHEETS AND
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Figure 1. Actinide Cosmic Rays will be detected using the thermally activated driver as the

heart of the event-thermometer (ET) system.
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Figure 2. Thermal Expansion and Contraction of the silicone oil activates the driver.
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are mounted above the detector stacks.
The upper sheet is movable, and its posi-
tion relative to the lower sheet is controlled,
as a function of the temperature of the
detector stacks, by the TAD. During post-
flight analysis of the etched plastics, the
temperature of the stack at the time a
given track was produced will be deter-
mined by aligning the track etch pit in the
movable sheet with that in the fixed sheet,
noting the stack temperature required for
the driver to so position the sheets.

spring controls the position of the output
shaft by applying a resisting force to the
pressure force on the piston. Since the out-
put shaft is welded to the bellows plug, the
output shaft tracks the movement of the
bellows and fluid.

Forty-five TAD's will be flown on the
astrophysics actinide experiment. It is ex-
pected that TAD's will also find use in a
number of other space and terrestrial ap-
plications. TAD's have potential applica-
tions in fluid-control systems where

pansion and distortion of spacecraft struc-
tures where extreme dimensional stability
is essential. With properly selected fiuids,
fluid volumes, and bellows sizes, TAD's
can offer a wide choice in such per-
formance variables as displacements,
operating temperatures, driving forces,
and response times.

This work was done by William H. Kinard
of Langley Research Center and Robert
C. Murray and Robert F. Walsh of PRC
Kentron, Inc. For further information, Cir-

The operation of the TAD, shown in precise valve controls are needed. TAD's cle 27 on the TSP Request Card.
Figure 2, is the result of the expansion or may be used to drive thermal-control lou- LAR-13583
contraction of an incompressible fluid as vers for spacecraft or for terrestrial
the temperature of the fiuid changes. A coil buildings, or to compensate for thermal ex-
High-Lift, Low-Pitching-Moment Airfoils
Two families of airfoil shapes improve rotor performance.
Langley Researgh Center, — AC40
Hampton, Virginia ——- RC(5}10
In wind-tunnel tests, two families of air-
foil shapes perform better than prior air-
foil sections. These improvements were s e —r
sought to enhance the performances of ﬁ S
helicopters and other rotorcraft but are pepr, for— e
also applicable to aircraft propellers. The i = N e

airfoil shapes are best suited for an inboard
segment of a rotor blade.

Rotor-blade aircraft put special de-
mands on rotor airfoils because of the
combined rotational and linear motion. For
instance, on a single revolution of a rotor,
an airfoil section can experience lift coeffi-
cients from negative values to the maxi-
mum positive value and section mach
numbers from subsonic to transonic
values. The airfoil profiles shown in
Figure 1 are two members of the airfoil
families that have the desired characteris-
tics of an inboard section of a rotor-blade
airfoil. Even the small difference in shape
shown here results in significant dif-
ferences in performance, and both
families of airfoils have demonstrated
substantial improvement in performance
over prior airfoil shapes.

An airfoil of either family is one that
could be produced by the combination of
the camber line shown in the lower part of
Figure 2 and a thickness distribution
shown in the upper part of Figure 2, or one
scaled from those shown. An airfoil of
either family has a particular upper and
lower surface shape that results in a
unique and improved aerodynamic perfor-
mance. The specific shapes of the airfoil
profiles in both families simultaneously per-
mit high maximum lift coefficients at mach
numbers up to 0.50, low pitching-moment
coefficients about the quarter chord for lift
coefficients from —0.2 to 1.0 at mach
numbers up to 0.63, and high drag-diver-
gence mach numbers at lift coefficients
from 0.0 to 0.30.
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Figure 1. These Airfoil Profiles represent two members of the improved airfoil families.
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Figure 2. Three Representative Airfoils of the two airfoil families have these thickness and
camber distributions. The camber distribution is common to all members of both families.
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This work was done by Kevin W.
Noonan of Aerostructures Directorate,
U.S. Army Aviation Research and Tech-
nology Activity — AVSCOM, located at
Langley Research Center. For further in-

formation, Circle 50 on the TSP Request
Card.

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

license for its commercial development
should be addressed to the Patent
Counsel, Langley Research Center [see
page 14].Refer to LAR-13215.

Electronic Caliper Has 1-mil Accuracy
Its output is either a digital readout or a printout.

Lyndon B. Johnson Space Center, Houston, Texas

A new electronic caliper is accurate
within +0.001 in. (0.025 mm) and pro-
vides both a printout and a digital display
of thickness. Measurements take less
than one-tenth the time of mechanical-mi-
crometer measurements.

The new instrument employs a tweez-
erlike probe with a ball on the tip of either
finger (see figure). The balls and fingers
are displaced by the part to be measured,
causing a strain that is measuredby strain
gauges on the fingers. The four strain
gauges — on opposite sides of both fin-
gers — are connected in a bridge circuit.
The output voltage of the bridge varies in
proportion to the change in the gap be-
tween the fingertips.

A digital display and calibration unit
processes the signal and displays the
measured value in inches. The operator
can also use a smaller display unit, driven
by the main unit. By keeping the small dis-
play close to the probe, the operator can
quickly discern out-of-tolerance thicknes-
ses and undercuts in corner radii. The op-
erator can then use a trigger switch on the
small display to command a printout of the
measurements. The printer — alsodriven
by the main unit — prints the part number
and measurement locations as wellas the
measured values.

This work was done by Douglas B.
Harrington and Lino A. Aragon of Rock-
well International Corp. for Johnson
Space Center. For further information,
Circle 2 on the TSP Request Card.
MSC-20388

The Operator Slides the Probe along a rib while measuring the thickness between the
probe tips. The measured value appears on the small display in the operator’s hand as well
as on a main display unit. The operator can order a printout of measurements by pushing the
switch near his left thumb.

Six-Degree-of-Freedom Vibration Suppressor

Helicopter vibration is reduced 95 percent from the rotor hub to the pilot’s seat.

Langley Research Center, Hampton, Virginia

The development of methods for reduc-
ing helicopter vibrations has been an im-
portant subject of research because vibra-
tions have an adverse effect on helicopter
airframe fatigue life, electronic-equipment
failure rates, and crew and passenger
comfort. In some cases, vibrations can
limit the forward speed of the aircraft. A
promising new system, the total-rotor-iso-
lation system (TRIS) that employs liquid-
inertia vibration-eliminator (LIVE) units, has
been designed to isolate all six degrees of

64

freedom of aircraft-fuselage dynamic re-
sponse from the continuously changing
airloads developed by the rotor.

Each LIVE unit is a two-cylinder, two-
reservoir, tuned-port arrangement that
uses liquid mercury as a hydraulic fluid.
The figure shows a LIVE unit schematically
in cross section. An inner cylinder is bond-
ed to an outer cylinder with a layer of rub-
ber, as in a coaxial-bushing rubber spring.
Top and bottom cavities are enclosed, cre-
ating reservoirs for the mercury. The inner

cylinder is attached to the fuselage. The
hole, or tuning port, through the inner
cylinder connects the upper and lower re-
Servoirs.

A verification study was conducted in
flight to demonstrate 90-percent (or great-
er) isolation of the helicopter fuselage from
force and moment inputs at the rotor hub,
at the blade-passage frequency, for the
TRIS-configured Bell 206LM helicopter
used as the test bed. By using six
pinned/pinned isolator links attaching the
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pylon to the fuselage (This can be done in
any configuration that is statically stable in
all six degrees of freedom), every attach-
ment isolated the blade-passage frequen-
cy, and no oscillatory loads were transmit-
ted in any degree of freedom.

The TRIS proved very effective in reduc-
ing vibration levels. The results of flight
tests generally indicated at least a 95-per-
cent reduction in vibration levels from the
rotor hub to the pilot’s seat. Also, the
helicopter..could be flown at maximum
continuous power with no discomfort, at a
speed approximately 15 mi/h (6.7 m/s)
faster than the speed at which a pilot nor-
mally cruises the unmodified helicopter.

This work was done by Dennis R.
Halwes of Bell Helicopter Textron, Inc. for
Langley Research Center. For further in-
formation, Circle 63 on the TSP Request
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The Vibration Suppressor uses liquid mercury to damp vibrations.

Testing Adhesive Bonds to Cloths

A nondestructive tool is simple and inexpensive.

&
Load

Sling

Stainless-Steel

:

PARTS OF TOOL

Pin Inserted

" Substrate

A “Fish-Scale” Tension Meter pulls on an insulation blanket to test

the blanket-to-substrate bond.
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Lyndon B. Johnson Space Center, Houston, Texas

An easy-to-use tool nondestructively
tests the strength of an adhesive bond be-
tween a cloth and a straight rigid edge. The
tool was developed for testing the ad-
vanced flexible reusable surface insulation
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blankets on the Space Shuttle.

A stainless-steel pin is inserted just
under the surface fabric of a blanket so
that its pointed tip protrudes, as though a
large stitch were being made (see figure).
The fingers of a load sling are hooked
under the pin where it enters and emerges

from the fabric. The load sling is hooked on
a tension scale, and the user pulls on the
scale until the specified bond strength is
reached. The blanket and the adhesive
bond will be undamaged, provided that
both meet the specifications. The test can

blanket.

This work was done by David G.
Thomann of Rockwell International Corp.
for Johnson Space Center. No further
documentation is available.

MSC-20707

be repeated at several locations on the

Microscopic Gas-Flow Controller
Small flows at low pressures would be monitored and throttled.

Ames Research Center, Moffett Field, California

A proposed flow-controlling and
-measuring device would be made by
batch solid-state microelectronic-fabri-
cation techniques. The device would con-
tain an ultrasensitive silicon capacitive
pressure transducer, gas-flow channels
etched in a silicon wafer, and integrated
microvalves. The device is to be used to
control and monitor low gas flows at low
pressures; for example, in reactive-ion
etching equipment or chemical-vapor de-
position equipment in the semiconductor
industry.

The flow-control and -measuring con-
cept is illustrated by an electrical analog
in Figure 1. Gas flows from a pressurized
source through a parallel set of narrow
channels, each of which provides a known
resistance to the flow. The main flow is
through channel 1, characterized by flow
resistance R;.

Additional small flow increments are
obtained by opening the valves in one or
more of the parallel flow channels. This
enables fine adjustments of the total flow.
The flow resistances in the n parallel
channels are in multiple powers of 2
times the flow resistance of channel 2 so
that the flow increments can be chosen in
small uniform steps over a range of 2" — 1
times the smallest step.

The flow is measured in terms of the
pressure drop along channel 3, repre-
sented in Figure 2 by the flow resistance
Rj. R4 should not exceed R, so that the in-
cremental flows through the parallel
channels will provide an adequate range
of adjustment of the overall flow.

The device consists of the working
parts in an integrated silicon wafer sand-
wiched between two pieces of glass or
two other silicon wafers. The silicon could
be attached to the glass by electrostatic
bonding. The channels would be made by
applying anisotropic etchants to the
silicon surface. Such etchants can be
controlled to produce channels of the
precise dimensions needed for the de-
sired flow resistances.

One of the electrodes of the capacitive
pressure sensor is a thin layer of metal on
the glass plate. The other electrode is a
thin, boron-doped silicon diaphragm that
deflects in response to the pressure dif-

68

Pressurized
Source of Gas
Valve 2 Valve 1
Valve n Valve n-1
FA
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R Pressure
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To Chamber
or Process

Figure 1. Gas Flows Through Narrow Passages of known flow resistance. Different flow re-
sistances are switched in or out to alter the flow. The flow configuration is depicted in the
manner of an electrical circuit because the gas flow and pressure are analogous to electri-
cal current and voltage, respectively. The opening of a valve is represented by the closing of
a switch and vice versa.

Gas From

Pressurized
Source
Electromagnet Capacitive
or Other Driver x Pressure Metal
Sensor Film
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DMK

\

l Silicon 4, BRI
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Valve
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Figure 2. Narrow Channels would be etched in a silicon wafer to obtain the flow resistances
depicted in Figure 1. For clarity, only one of the parallel channels and its switching valve are
shown here.

ference along R,. The deflection causes
a change in capacitance, which is meas-

ured by an external circuit.
Each valve includes a slightly raised
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valve seat covered by a thin undercut
diaphragm of polysilicon or other materi-
al. The valve diaphragm and seat are
formed in a monolithic batch process as
part of the wafer-fabrication sequence.
The diaphragm can be coated with nickel
or another magnetic material to allow
magnetic drive as shown, lifting the dia-

phragm away from the valve seat. Alter-
natively, electrostatic drive could be
used. The process is compatible with the
integration of circuitry on the structure for
flow sensing and control.

This work was done by Kensall D. Wise
of the University of Michigan for Ames
Research Center. For further informa-

tion, Circle 44 on the TSP Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center [see page 14].
Refer to ARC-11704.

Active Control of Transition and Turbulence
Lower skinfriction drag is achieved downstream of a turbulance trigger.

Langley Research Center, Hampton, Virginia

Two active means of manipulating
boundary-layer flow have been developed,
one controlling the laminar-to-turbulent
transition, the other controlling the ampli-
tude of the turbulent fluctuation. The pur-
pose is to control skin-friction drag over
surfaces inside inlets and ducts. The re-
sulting turbulence downstream has lower
skin-friction drag than does the equivalent
flow that develops over the same surfaces
in the absence of intervention.

The control mechanism consists of a
transition trigger and a turbulence con-
troller, as shown in the figure, actively
operated via a feedback mechanism with
an amplitude and time-response level suit-
able for triggering broad ranges of levels
and bandwidths. The transition trigger is a
heating strip or strips embedded in a ther-
mally neutral substrate mounted flush with
the surface. The controller is an acoustic
source placed above or within the surface.

This technique is used in the region of
favorable pressure gradient induced by a
convex curvature or by artificial means. In
this region, the flow stretches and be-
comes mostly receptive to such outside in-
fluences as surface heat or sound. Thus
one can easily trigger small- or large-ampli-
tude disturbances as well as impart instant
transition. This coupling is utilized in a wind-

Turbulence-Amplitude

_~~ Controller

N —
Transition
Tri

s TUrbulence-Control REQION g

Surface

72222200

Region of
Favorable Pressure
Gradient

— - Flow Direction

" R

Heating Strips Trigger Turbulence while the transition amplitude and bandwidth are con-

trolled by an acoustic signal.

tunnel experiment to trigger instant transi-
tion. In addition, feedback control by sound
interaction with the transitional flow pro-
duces a significant reduction in amplitude.
The results from the experiment indicate
that this is an effective way to control the
amplitude of the fluctuations at transition
and beyond. From this process, the result-
ing flow has lower-amplitude perturbations
and lower skin-friction drag.

This work was done by Lucio Maestrello

of Langley Research Center. For further
information, Circle 48 on the TSP Request
Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Langley Research Center [see
page 14]. Refer to LAR-13532.
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New Products

To learn how composite technology can
help you design unique characteristics in-
to your components, request the new bro-
chure from Tech Composites (Tempe, AZ),
manufacturers of custom designed preci-
sion composite components for aerospace,
automotive and general industrial applica-
tions. Featuring thermoplastic injection
molded technology, the guide highlights all
aspects of the injection molding process
from design engineering and tooling to vol-
ume production and value added services.
To help select composite resins, the guide
compares 17 resin formulations. Circle
Reader Action Number 590.

Providing a temperature range of -100°F to
375°F, Cincinnati Sub-Zero's (Cincinnati,
OH) Model BZ-1.6 benchtop test chamber
includes a microprocessor single setpoint
temperature control and works on a stan-

NASA Tech Briefs, September 1987

dard 115 volt, 20 ampere power circuit. Cool-
ing compressors provide 400 watt heat load
holding capacity at -90°F. The test cham-
ber’s optional microprocessor profiling con-
troller has 51 ramp/soak segments, eight
onloff event relays, and a failsafe high/low
digital temperature limit/alarm. The liner is
304 brushed stainless and hermetically
sealed, while the exterior finish is a durable
oven baked powder coating. Other standard
features include cable access port, refriger-
ation service taps, and a five year limited
compressor warranty. Circle Reader Action
Number 591.

Originally designed as a flight control fora
surface-to-air missile, the ABM-0702/
EC1023, a linear electromechanical actua-
tion system manufactured by inland Motor
in Radford, VA can be used in non-defense
applications. The system actuator uses rare
earth magnets and a brushless DC motor to
provide high servo response. The motor is
concentric to a zero-backlash recirculating
ballscrew, allowing bandwidths over 35 Hz.

With a supply voltage of 56-75 VDC, the sys-
tem’s controller can supply motor currents
up to 20 amps. It provides closed loop ser-
vo control of the actuator using position
feedback information. System gains are
available on the system pin-outs for fine tun-
ing of system performance. Circle Reader
Action Number 588.

Holding optics up to four inches in diam-
eter, Aerotech’s (Pittsburgh, PA) AOM360-4
motorized optical mount offers continuous
360° rotation in the elevation and azimuth
axes. Vibration due to cable wrap or drag
has been eliminated by connecting the cab-
les to stationary parts of the mount, re-
sulting in smooth translation with low jitter.
Features include programming resolution
of 0.001° or 1 arc second, repeatability of
+0.0021° and +0.0035° for elevation and
azimuth axes, and speeds of 40° per se-
cond. Computer control is provided by
Aerotech’s PC-compatible Unidex X! 14
axis motion controller with microstepping
drives. Circle Reader Action Number 587.
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Charcoal/Nitrogen Adsorption Cryocooler
A refrigerator with no wear-related moving parts produces 0.5 W of cooling at 118 K.

NASA's Jet Propulsion Laboratory, Pasadena, California

A cryogenic refrigerator powered by ad-
sorption compressors is nearly immune to

wear and generates negligible vibration. Charcosl-
When fully developed, the refrigerator will Filled
need no electrical power, and with a life ex- Canister

pectancy of more than 10 yr, the refrigera-
tor could operate unattended to cool sen-
sitive infrared detectors for long periods. In
a laboratory demonstration, the refrigera-
tor provided 0.5 W of cooling at 118 K and

achieved temperatures as low as 100 K. Check

The cryocooler (see figure) uses activat- Valve
ed charcoal to absorb and release nitrogen I I I ‘
alternately. When the charcoal is cooled, it -

physically absorbs nitrogen. When it is |
heated, it releases nitrogen at high pres-
sures. I
By alternately heating and cooling four

canisters filled with charcoal, the cryocool-
er generates a nearly continuous flow of High-Pressure ‘ 1 \ Lo Provsina
high-pressure nitrogen. The gas flows Side Side
through a precooler and a recuperative
heat exchanger, then expands to low pres-
sure through a Joule-Thomson valve, cool-

ing to 118 K and partially liquefying as it Precooler s
does so. The gas returns through the heat
exchanger (where it picks up heat surren- l 1

dered by the inflowing gas) to the canisters - i
for repressurization. h

| Insulated
| Dewar
|
3
I
I
I
|

s, e B e | i i )

The only moving parts in the cryocooler |
are highly reliable, self-actuated check I
valves. The valves operate at room tem- |
perature and at low frequency (about once
every 2 min). |

Joule-Thomson '
|
|
I
I
I
I
|

In the laboratory demonstration, the Valve
charcoal was cooled to — 30 °C by metha-
nol flowing through a jacket surrounding
the canisters. The charcoal was heated to
100 °C by electrical film heaters bonded to
the canisters. The nitrogen was com-
pressed from 320 to 810 Ib/in.2 absolute

Liquid

/ Nitrogen
Seet i |

The Only Moving Parts in the adsorption
cryocooler are check valves. As the char-
coal is cooled in a canister, the gas pressure
drops, allowing the inlet check valve to open
and admit more nitrogen. When the canister L=
is heated, the pressure rises, closing the in-
let valve and eventually opening the outlet
valve.

Refrigeration
Load
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(2.2 to 5.6 MPa). About 150 W of input
power was needed to provide 0.5-W cool-
ing. In a fully developed unit, the input
power could be reduced to below 50 W.
The canisters would be cooled by small
passive radiators and heated by direct
solar energy or the waste heat of a power
source.

A temperature of 80 K can be achieved
by changing the operating pressures and
adding another stage of compressors.
Various other gases, such as methane,
helium, and hydrogen can also be used
with charcoal to achieve a wide range of
cooling temperatures. The charcoal/ni-
trogen cryocooler can also be used as an

upper stage in a cascade refrigeration
system, yielding an ultimate lower-stage
temperature of less than 4 K.

This work was done by Steven Bard of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 97
on the TSP Request Card.

NPO-16786

Lumped-Parameter Representation of Wind Tunnel
A hybrid analog and digital model simulates performance.

Lewis Research Center, Cleveland, Ohio

The mathematical model of a proposed
wind-tunnel facility represents the wind-
tunnel circuit and associated equipment in
terms of lumped-parameter components.
The model requires much less computa-
tional effort and computing time than
would a full three-dimensional aerodyna-
mic computer analysis of the system with
many volume elements. Nevertheless, the
lumped-parameter representation approxi-
mates the distributed nature of the wind
tunnel well enough to simulate the steady-
state and transient behavior for the
analysis of proposed control subsystems
and for the training of operators.

The wind-tunnel circuit is divided into

five lumps (not counting the fan) governed
by nonlinear equations. Integrated into the
circuit model are representations of the
air-supply, exhaust, refrigeration, fan-drive,
and other systems (see figure), each of
which is represented by a set of transfer
functions.

For each wind-tunnel lump, ordinary dif-
ferential equations are written for the rate
of change of mass flow, mass density, and
energy storage in each of two halflump
volumes: these equations are one-dimen-
sional statements of the conservation of
momentum, mass, and energy, respective-
ly. Since the lumps are contiguous, each
pair of halflump volumes from adjacent

lumps can be combined into one flow
volume, in which the rates of change of
mass and energy are computed. The half-
lump volumes on either side of the fan can-
not be combined: consequently, the five
lumps give rise to six flow volumes.

The frictional pressure drop in each
volume is approximated by the product of a
constant coefficient, the ratio of length to
diameter, and the kinetic-energy density in
the volume. Auxiliary equations are used to
calculate the pressures, temperatures,
and mach numbers of interest at various
places around the tunnel. The airflow
through the fan is taken from a two-dimen-
sional representation of the fan perform-

Pset Tset

Lump 2

Exhaust ™
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Definitions
m = Rate of Mass Flow
P = Pressure

T = Temperature
VF = Voltage and Frequency

N = Rotational Speed
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A Lumped-Parameter Circuit Model represents the wind tunnel and the associated equipment. The model can be implemented on analog or
digital computers to simulate wind-tunnel performance without risk to operators or equipment.
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ance as a function of the pressure ratioand
the rotational speed.

The subsystem models and their con-
trols are all implemented on two analog
computers: digital equipment is used only
for the initiation and verification of the
analog computers and for the collection
and display of data. The steady-state simu-
lation data agreed well with performance

steady-state performance of the wind tun-
nel. The simulated dynamic response
agreed reasonably well with the dynamic
response predicted by a distributed, wave-
equation model: the use of the lumped-
parameter model would result in conserva-
tively designed controls.

This work was done by Susan M. Krosel,
Gary L. Cole, William R. Bruton, and John

ther information may be found in NASA
TM-87324 [N86-27036/NSP], “A Lumped
Parameter Mathematical Model for Simu-
lation of Subsonic Wind Tunnels.”

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

data calculated by a detailed program for R. Szuch of Lewis Research Center. Fur- by calling (800) 336-4700.  LEW-14515
Solar Pump
Heat from the sun would move liquid; no electrical or mechanical
input would be needed.
iu/nllghl
Marshall Space Flight Center, Alabama E“;'(Z?! et
/
/

A proposed pump would move liquid by
the action of bubbles formed by the heat of
the sun. A tube of liquid having a boiling
point of 100 to 200 °F (38 to 93 °C) would
be placed at the focal axis of a cylindrical
reflector. Concentrated sunlight would boil
the liquid at the focus, and the bubbles of
vapor would rise in the tube, carrying liquid
along with them, much like the bubbles in
the stem of a percolator coffeepot. The
pressure difference in the hot tube should
be sufficient to produce flow ina large loop.

The pump could be used with a conven-
tional flat solar heating panel in a com-
pletely solar-powered heat-storage system
(see figure). The flat panel would heat a
large volume of liquid, and the solar pump
would add heat to boil it and move it to a
tank. A heat leak in the form of a thermal
contact between the cooler liquid entering

the flat panel and the hotter liquid leaving
the pump would remove enough heat to re-
absorb the bubbles in the liquid. The heat
leak is at the highest point in the loop to en-
sure that the buoyancy of the bubbles does
not interfere with the downward flow of lig-
uid.

A working model, heated by a flame ra-
ther than sunlight, has demonstrated the
feasibility of the concept. The model oper-
ates with a height of 3 ft (about 1 m).

This work was done by Charles Pique of
Martin Marietta Corp. for Marshall Space
Flight Center. For further information, Cir-
cle 140 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 14].Refer to
MFS-28202.

- Parabolic
Reflector

Sunlight

1 Fluid
Flow

W

A Tube at the Focal Axis of a vertical
parabolic reflector heats liquid already
warmed by a conventional solar panel. The
additional heat is enough to form vapor
bubbles in the liquid and pump it to a
storage tank.

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.

Wind-Tunnel Capability at
Ames Research Center

Current facilities and planned
improvements are described.

A report describes the $700 million
wind-tunnel complex at Ames Research
Center, including auxiliary support
systems, test instrumentation, and special
test rigs. Planned near-term facility im-
provements aimed at providing new test
capabilities and increased productivity, as
well as some potential longer-term im-
provements, are also discussed.

The aerodynamic test facilities at Ames
range from subsonic wind tunnels to high-
enthalpy arc jets. Some of these facilities
are atmospheric, whereas others are vari-
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able-density facilities providing increased

Reynolds-number test-range capability.

Among the facilities described are the

following:

* A 40- by 80t (12.2- by 24.4-m) closed-re-
turn wind tunnel used to test full-scale air-
craft and Space Shuttle models from
speeds of 0 to about 300 kn (154 m/s);

* An 80- by 120-ft (24.4- by 36.6-m)wind tun-
nel, scheduled to begin testing in 1987,
that will have a maximum airspeed capa-
bility of about 100 kn (51.4 m/s);

* The Outdoor Aerodynamic Research Fa-
cility, used to obtain ground-based hover
and acoustical data on full-or small-scale
rotorcraft and vertical/short-takeoff-and-
landing aircraft and propulsion systems;

* The Anechoic Hover Test Chamber, used
to test rotors up to full-scale tip speeds to
explore their aerodynamic, acoustic, and
dynamic characteristics;

e The 12-t (3.7-m) Pressure Wind Tunnel,
which has a uniquely broad Reynolds-
number range (0 to 107) over the mach-
number range of 0 to 0.4 (This variation
in the Reynolds number is achieved
through changes in the stagnation pres-

sure of the facility, currently limited to 4.5
atm (0.46 MPa) absolute;

* The Unitary Plan Wind Tunnel Complex,
which enables a common model to be
tested throughout the entire mach-num-
ber range from 0.4 to 3.5;

¢ The 3.5+t (1.1-m) Hypersonic Wind Tun-
nel, a closed-circuit blowdown facility
that uses interchangeable, contoured,
axisymmetric nozzles to provide testing
at three mach numbers, nominally 5, 7,
and 10;

* The Aerodynamic Heating Facility, a hy-
personic (mach 3 to mach 15) wind tun-
nel driven by an arc heater with powers
up to 20 MW [This tunnel can be operated
at stream enthalpies of 500 to 15,000
Btu/lb (1.2 to 35 MJ/kg) and at stagnation
pressures of 0.005 to 5.0 atm (500 to
500,000 Pa)};

* The High-Power CO, Gasdynamic Laser,
a combustion-driven laser capable of
producing radiative energy at a wave-
length of 10.6 um;

¢ The 20-MW Panel Test Facility and the
60-MW Interaction Heating Facility used
for studies of aerodynamic heating in the
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There’s profit at the
end of this tunnel.

And 1t could be yours.

If your product, and profits, can be
improved with wind tunnel testing,
Boeing aerodynamic testing facilities
are at your service through Boeing
Technology Services. BTS specialists
will work with you to understand your
needs precisely, and then will help you
tap into Boeing resources efficiently.

Boeing has subsonic, transonic, super-
sonic and hypersonic tunnels with on-
line systems that deliver final plotted

data within seconds. Our special ser-

vices also include aeroacoustic testing,

a captive trajectory system and a sep-
arate airflow calibration facility.

We can test your model. Or design
and build one to your specifications.
Or provide a complete package.

Boeing specialists also can help you
develop a testing program to meet your
technical requirements, timetable and
budget. And we can handle projects

e

R g 3

i

that are classified or that require
security for proprietary reasons.

For a full description of the Boeing aero-
dynamic testing facilities and services
available to you, call Paula Royalty,
Marketing Manager at (206) 237-4490.
Or write to Boeing Technology Ser-
vices, Department AE, P.O. Box 3707,
M/S 9R-28, Seattle, WA 98124-2207.

BOEING




thermal environment resulting from the
interaction of a flow field with an irregular
surface;

*The Giant Planet Facility, driven by a
constricted-arc heater capable of operat-
ing for about 30 s at powers up to
100 MW, used to simulate a thermal envi-
ronment such as would be encountered
in the Jovian atmosphere;

*The High Enthalpy Entry Facility, a
scaled-up version of the Giant Planet
Facility, that can operate at power levels
up to 150 MW. The combined heating
level that can be imposed on a test
specimen is 20 kW/cm? — 12 kW/cm?
convective and 8 kW/cm? radiative;

* Support facilities including a high-pres-
sure air system, a balance-calibration
laboratory, a propulsion-simulator
calibration laboratory, and a standard-
ized wind-tunnel data-acquisition system.

This work was done by C. T. Snyder and
L. L. Presley of Ames Research Center.
To obtain a copy of the report, “Current
Wind Tunnel Capability and Planned Im-
provements at NASA Ames Research
Center,” Circle 16 on the TSP Request
Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Ames Re-
search Center [see page 14]. Refer to
ARC-11720.

Plasma Rocket With Hybrid
Exhaust Plume

An injected sheath of neutral
gas would insulate the ex-
haust nozzle.

A proposed plasma rocket, described in
a report, would generate a hybrid exhaust
plume comprising an annular layer of rela-
tively cool neutral gas around the plasma
core. The plasma and gas would intermix
somewhat, providing a gradual radial tran-
sition between the two. The amount of gas
injected can be adjusted to control the pro-
pulsive efficiency; the relatively cool gas
boundary layer at the surface of the nozzle
would insulate the nozzle from the high
plasma temperature.

The thrust of a rocket is proportional to
both the mass-flow rate and the square
root of the temperature of the exhaust
plume. Chemical-fuel rockets depend on
high mass flow rates rather than extreme
temperatures to achieve high thrust, but
the mass of fuel required limits the burn
time. On the other hand, existing plasma
thrusters achieve higher temperatures but
have limited mass-flow rates. Further-
more, the exhaust temperature must be
kept below the maximum operating tem-
perature of the nozzle material.

The proposed hybrid-plume rocket con-
cept would remove the limit on the plasma
temperature and at the same time provide
increased adjustable mass flow. The
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engine would include a plasma generator
(for example, a magnetoplasma dynamic
generator) and a magnetic containment
and power-boosting system with one or
more focusing and confining “baseball”
coils and solenoid coils. Microwaves at the
plasma cyclotron frequency would supply
additional heat to the plasma.

Upstream of the nozzle entrance, the
plasma would be kept away from the duct
by the magnetic field. Cool hypersonic
neutral gas would be injected into the flow
through inlets around the periphery at the
nozzle entrance. Collisions between the
gas and the plasma would detach the plas-
ma from the magnetic field lines. The plas-
ma would then move preferentially in the
direction of lower density; namely, down-
stream and slightly toward the axis.

The hybrid-plume rocket produces a
variable specific impulse. Furthermore, by
adjustment of the ratio of exhaust plasma
to neutral gas, the propulsive efficiency
can be maximized over the range of
speeds of the rocket to conserve fuel. The
engine can thus be tuned optimally at all
phases of the flight. Calculations show that
a hybrid-plume rocket in outer space can
travel at least three times the distance of a
chemical-fuel rocket in the same time and
with the same initial amount of fuel.

The terminal velocity of the hybrid-
plume rocket can also exceed that of a
comparable chemical-fuel rocket. Al-
though the chemical-fuel rocket acceler-
ates faster at first, it uses up its fuel sooner.
The hybrid-plume rocket develops less
thrust at first but burns longer and more ef-
ficiently, eventually overtaking the chemi-
cal-fuel rocket.

This work was done by Franklin R.
Chang of Johnson Space Center. To ob-
tain a copy of the report, “"Hybrid Plume
Plasma Rocket,” Circle 129 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 Coun-
sel, Johnson Space Center [see page 14].
Refer to MSC-20476.

Analysis of Solar Electrical
and Thermal Systems

A computer program analyzes
the areas, weights, and costs
of five basic systems.

A report describes a computer program
for the parametric analysis of alternative
ways of generating heat and electrical
power on a satellite or spacecraft. The pro-
gram, called the Solar Space Power Analy-
sis Code (SOSPAC), examines the changes
in area, weight, and cost of the generator
system for changing conditions, in particu-
lar for changes in the ratio of thermal to
electrical outputs.

SOSPAC applies to the following five

types of generator systems:

1. Photovoltaic array;

2. Parabolic dish for generating electricity
only;

3. Photovoltaic array for electricity and
parabolic dish for heat;

4. A single dish for electricity, with excess
power used for heat; and

5. A dish for electricity and another for
heat.

By the insertion of a few statements, the

program can be modified easily to add new

combinations of photovoltaic and parabol-

ic-dish systems.

The inputs to the program are data on
the required electrical and thermal power,
Sun and shade durations, distance to the
Sun, and weights and costs of subsystems
and components. The program structure
allows elaboration of subroutines for com-
ponent and subsystem performance with-
out changes in the main code.

The report outlines the SOSPAC execu-
tion procedure and presents a sample set
of input data. It gives an example of mass
and area calculations for the sample data
for each type of generator system and il-
lustrates the results with a variety of charts.

This work was done by M. Kudret Selcuk
of Caltech for NASA’s Jet Propulsion
Laboratory. To obtain a copy of the report,
“Development of a Computer Code to Ana-
lyze Solar Thermal/Electric Space Power
Options,” Circle 148 on the TSP Request
Card.

NPO-16844

Linearization of Robot
Manipulators

Four nonlinear control
schemes are equivalent.

A report discusses the theory of non-
linear feedback control of a robot manipu-
lator, with emphasis on control schemes
that make the manipulator input and output
behave like a decoupled linear system.
This approach, called “exact external
linearization,” may contribute to efforts to
control end-effector trajectories, positions,
and orientations.

The discussion begins with a review of
the rigid-body dynamics of an n-link manip-
ulator. It is shown that the end effector
evolves according to a highly nonlinear,
coupled set of equations involving first and
second time derivatives, the end-effector
contact forces, and the control inputs. The
problem then becomes one of finding a
feedback control law that, in effect, masks
the internal nonlinearities of the system in
that it makes the input/output dynamics be-
have according to a set of decoupled linear
equations in the end-effector coordinates.

There follows a discussion of general lin-
earizing feedback laws. The exact lineari-
zing controllers described in this section
are shown to be equivalent to those ob-
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1ained by the application of any of four pre-
viously developed techniques; namely, the
computed-torque, resolved-acceleration-
control, general nonlinear decoupling, and
differential-geometric techniques.

The author states that the exact lineariz-
ing techniques are general enough to ap-
ply to redundant and actuated serial-ink
manipulators subject to measurable reac-
tion forces and torques on their end effec-
tors. All the exact linearizing controllers
can be derived from a theoretical perspec-
tive that has its basis in resolved accelera-
tion control. This perspective makes it pos-
sible to speed up the control computations
by using the Newton-Euler recursion to
compute the inverse dynamics for both un-
actuated and actuated manipulators.

This work was done by Kenneth Kreutz
of Caltech for NASA’s Jet Propulsion
Laboratory. To obtain a copy of the report,
“On Nonlinear Control for Decoupled Ex-
act External Linearization of Robot Manip-
ulators,” Circle 114 on the TSP Request
Card.

NPO-16911
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New Products

Keep the data in and the dirt out. Linseis
(Princeton, NJ) models L 2005 Series 16
channel recorders are available with alock-
ing gasketed see-thru door for use in indus-
trial process environments. Inputs are from
the rear of the 19-inch rackmountable in-
strument. Modularity allows for measure-
ment of mV/V, temperature, current, ohms,
RTD and strain gauge. 50 standard modules
are in stock and custom modules can be
designed for special applications. Circle
Reader Action Number 584.

A new general purpose piezoelectric pres-
sure sensor is well suited for high volume,
low-cost applications—wherever gauge, ab-
solute or differential pressure must be meas-
ured. The IC Sensors’ (Milpitas, CA) Model
410 DIP sensor uses a 5-pin open bridge re-
sistor format, allowing excitation with either
avoltage or current source. The Model 410
is pin-compatible with the IC Sensors 1210
series, the Motorola MPX and the SenSym
SPX and SX series. The sensor has an ac-
curacy of +0.1%. Typical output span on
the media-compatible sensor is 100mV. Cir-
cle Reader Action Number 586.

Excess flow valves are the fluid system
equivalents of circuit breakers. A fusion-en-
cased excess flow valve, with no seals ex-
posed to the atmosphere, is now available
from Nupro Company, Willoughby, OH. The
design assures absolute containment of
gas in case of major leaks, ruptures or com-
ponent failures in the fluid system. The
valve responds instantly to pressure drops
of less than one PSI, shutting down the sys-
tem. Its pressure-enhanced poppet-to-seat
seal maintains leak-tight shut off until inten-
tionally reset. Other features include excel-
lent purgeability, low internal volume and
smooth internal finishes for clean opera-
tion. Service ratings are 3000 PS| and -20°
to 450°F. Circle Reader Action Number 585.
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HIGH PERFORMANCE SUPERMATERIALS
IN PLASMA SPRAYED OR SOLID FORM

At Last—here’s a convenient way for engineers, scientists
and researchers to analyze and test characteristics of hun-
dreds of ceramic and metal materials. Need ‘‘white’’
ceramics? Need ““black’” ceramics? Need corrosion resistant
coatings? Need metals that won’t oxidize at 1000°C? Need
thermal barrier coatings? How about experimenting with
electrically conductive coatings?:

We'll supply coupons in your size needs, such as 1 inch diameter.
We will plasma coat the ends or diameter of small cylinders to any
thickness desired, from .0004 inch (.01 mm) to .120 inch (3 mm).
We will coat small flat plates of metal on one or both sides to these
thicknesses. We will not fuse your powders by sintering in a hot fur-
nace (too unpredictable!) Plates can be steel, copper, aluminum or
any other non-precious metal. We fuse powders at gun
temperatures up to 17,000°K with no dopants or matrix needed to
cement particles together. Multi-layer material coupons available.

SPECIAL OFFER: We will supply 6 round coupons in a set, up to
2 inch diameter, or flat plates, “‘mix or match’’ coated on surfaces
desired. We will not polish, leaving surface structure unchanged.
We will throw in 1 pound of commercial purity powder metal or
ceramic, for your further analysis. We will supply a data sheet
describing the powder material at no extra charge.

Specify if coatings are to be oxidized, such coupons should usual-
ly be coated all over. If you have oddly shaped parts to coat we can
supply engineering applications advice from our affiliate company,
Carboride Corporation, the world’s leading high tech product
development group, specializing in high performance material ap-
plications from ceramic rocket nozzles to ceramic coated diesel
engine pistons.

Price per coupon set as described above $990 plus UPS
shipping charge of $5.00. Delivery can be made usually in
1 to 2 weeks for commonly used materials, and up to 8
weeks for relatively rare materials (Superconducting ex-
perimental materials require a special quotation.)

Many powders are only a few dollars a pound. Many are far
more expensive. (Minimum powder order any one material
$250.) Upon receipt of your purchase order, we will invoice
you 70% of your order amount, which we must collect in ad-
vance before shipment because of the danger of
cancellation.

LIST OF MATERIALS AVAILABLE IN POWDER AND ROD FORM
The following is a partial listing of our high temperature materials, high purity
metals and powders, rare earths, metal borides, nitrides, silicides, carbides, ox-
ides, submicron powders, plasma spray powders, exotic metal powders,
spherical powders, rods, wire, foils, Superconductor materials, and alloy
materials. Commercial purities are much less costly than laboratory purities.

Aluminum Cobalt Indium Palladium Thallium
Antimony Columbium  Iron Platinum Thulium
Barium Copper Lanthanum Praseodymium Tin
Beryllium Dysprosium  Lead Samarium Titanium
Bismuth Erbium Lutetium Scandium Tungsten
Boron Europium Magnesium Selenium Vanadium
Brass Gadolinium  Manganese Silicon Ytterbium
Cadmium Gallium Molybdenum  Silver Yttrium
Cerium Gold Nickel T Zirconium
Cesium Hafnium Niobium Tellurium
Chromium Holmium Osmium Terbium

SUPERMATERIALS COMPANY

Suite 356 Statler Office Tower
1127 Eudlid Avenue, Cleveland, Ohio 44115
Telephone (216) 861-0724

(An Affiliate of Carboride Corporation—world leaders in high performance ceramic composites)

Circle Reader Action No. 515
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Books and Reports

92 Levitation by Heat
Radiation in Microgravity

92 Effects of Control
Parameters on a Robot
Welder

93 Study of Silicon-Web
Growth

Linear in Welded

2219-T87 Aluminum Alloy

Wedge Joints for Trusses

Structures could be assembled rapidly with simple hand tools.

Lyndon B. Johnson Space Center, Houston, Texas

Struts

6-in. Radius
Typical |
|

\

Figure 1. A Lightweight Structure would be
assembled from tubular struts joined at
nodes by wedge pins that fit into mating,
slots.

Proposed locking wedge joints would
enable the rapid assembly of lightweight
beams, towers, scaffolds, and other
truss-type structures. At each joint, a
wedge pin integral with a tubular strut
would be held securely in V-shaped slots
in a bracket on a node (see Figure 1).

Wedge pins would be installed at the
ends of each tubular strut during manu-
facture. If the strut is to be made of
graphite/epoxy composite, as suggested
at the left of Figure 2, the pins can be in-
stalled before curing the epoxy. After the
cure, the wedge faces can be machined
to close tolerances for correct strut
length, alignment, and seating in the
V-shaped slots.

The assembly of a joint would begin
with the insertion of the wedge pin into
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the matching V-shaped slots (also shown
in Figure 2). With the help of a specially
shaped tool, the assembler would push
on (and slightly deform) the end of the
strut, forcing the wedge securely into the
slots. A spring-loaded primary pawl would
then engage the end of the strut to hold it
in place. A spring-loaded secondary pawl
would intrude a short distance into the in-
side of the hollow strut to provide addi-
tional wedging force and redundant lock-
ing.

The wedging action should contribute
to the precision of the joints, thereby help-

ing to correct truss misalignments. The
wedging force applied by the pawls
should assure lifetime wedging with no
joint looseness.

This work was done by Kenneth E.
Wood of Rockwell International Corp. for
Johnson Space Center. For further in-
formation, Circle 90 on the TSP Request
Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Johnson Space Center [see page 14].
Refer to MSC-21072.

Strut:Graphite/Epoxy Tube
Outside Diameter 2.00 in.
\,
P Wedge Pin Imbedded in
% End of Strut

FABRICATION OF STRUT END

Torsion
Spring

Secondary
Pawl \ >

i ':(‘,
0.25-in.-Diameter /
Pin 7

Bracket

ASSEMBLY OF JOINT

Apply 10 to 20 Ib
Force to Tube

Compression
Spring

Figure 2. This Joint Would Be Assembled Rapidly by seating the wedge pin in the V-shaped
slots and deforming the end of the strut until the primary pawl engages it.
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Would the manufacturer of advanced
lubricants such as TUFOIL advertise in

WHY"

That's easy, you are one of the
most sophisticated audiences in the
world using the most elegant
machines in history. You may not
think that anything as prosaic as
lubricating oil has a role to play in
these days of solid state electronics.
But think again!

Amidst all that sophisticated computer
wizardry, you have mechanical disk
drives, daisy wheels, tractor feeds,
robot arms, servos, strike solenoids,
steppers, XY-recorders . . . all have
precision bearings, gears or sliding
mechanisms that can succumb to
friction and bring down your whole
system.

Lubrication is critical to continued
smooth-running micro-computers; but
until now, these most sophisticated
devices in the history of technology
have depended on thin films of oil
based on technology as outdated as
the vacuum tube.

To major oil companies, developing
the right lubricant to be used in
almost invisible amounts didn't
promise sales big enough to fund
their research efforts. Fortunately, at
Fluoramics, we were already
producing TUFOIL—a lubricant so
advanced that it does for the science
of lubrication what the transistor did
for electronics.

For the past 15 years, we have been
inventing and patenting special
lubricants based on PTFE dispersions
(Teflon or Fluon). You may have seen
one of them marketed as TUFOIL, an
engine oil additive. Laboratory tests
show extraordinarily low friction and
wear with our products. Six U.S.
Patents have been granted so far to
protect our technological break-
throughs . . . more are pending.

See NASA Tech Briefs for
technical details. Issues
Nov./Dec. 1986 to date.

DEALERS PLEASE CALL FOR VOLUME PRICES

FLUON™ is reg. T M. of ICI Americas Inc.
TEFLON™ is reg. T M. of DuPont*
TUFOIL™ is reg. T.M. of Fluoramics
US. Patent No. 4284518

US. Patent No. 4,224,173
US. Patent No. 3,933,656
Other U.S. Patents issued
and pending.

computer magazines and NASA Tech Briefs? =

Tests on TUFOIL by one of our
Government's biggest laboratories
confirmed it has a coefficient of
friction of only .029 (other
independent labs show it to be even
lower, under different test conditions).
TUFOIL proved to have lower friction
than teflon alone (.04) and one-third
the value of diamond on diamond (.06)
(Handbook data). The magnitude of
difference between TUFOIL and other
available oils is spectacular.

TUFOIL for Engines

Once you've used
COMPU-LUBE, you'll
want to see what
TUFOIL will do for
your car’s engine.

COMPU-LU

OEMs
ALL OVER
THE WORLD
SPECIFY IT!

-:.

How To Use TUFOIL
Just add one 8-o0z. container of TUFOIL to
your standard crankcase. (It'll treat 4 to 5
quarts of engine oil.) If you want to super treat
your engine, add two bottles! You will see the
results in less than 1,000 miles. Once your
engine is broken in on TUFOIL, add 4 ounces
(%2 bottle) with each oil change to keep new
performance levels. Use TUFOIL repeatedly
over the life of your engine to help keep it
purring like new! There is, by the way, no
scientific basis for claims that a one-time
treatment by any lubricant will last the life of
an engine.

TRY AN 8-OZ. BOTTLE OF TUFOIL
FOR 30 DAYS OR 1000 MILES
If you're not satisfied, simply send us proof of
purchase with a note and we'll refund your
money immediately—no questions asked.

Send for TUFOIL today and prove to yourself
the amazing increase in your car's
performance. Fill in the coupon today or call
TOLL FREE any time (24 hours a day).

1-800-922-0075

(in New Jersey, call 201-825-8110)

shipping and handling)
» if you order 2 TUFOIL for en-

rush my Tufoil order:

[0 ONE 8 oz. bottle . . . treat one
car for $14.25 (plus $3.50
shipping and handing).

O TWO 8 oz. bottles . . . treat two
cars for $25.00 (plus $4.00

My check or money order for $
Charge my credit card: [0 Am. Express

Fluoramics, Inc.

103 Pleasant Avenue
Upper Saddle River, N.J. 07458

NTB-97

is enclosed.

Ovisa O MasterCard

gines, we'll send a sample ol o,
bottle of Compu-Lube FREE. Exp. Date

O One squeeze bottle of Sioneture
Compu-Lube with 4"

Dispenser Tip $9.95 (plus Name
$3.50 shipping and handling)

[0 One case (12 Blister Packs) of i
Compu-Lube for $114.00 City
(we'll pay for shipping). A State
FREE bottie of TUFOIL for

Zip

Engines with each case order

for Compu Lube.

(N.J. residents please add 6% sales tax) Orders to Canada.:
Send check or money order in U.S. currency. Add $4 extra shipping charges.

Circle Reader Action No. 455




Punching Holes in Thin Metals

Edges are clean and sheets remain flat.

Lyndon B. Johnson Space Center, Houston, Texas

Deformed
Edge

Figure 1. Holes Were Punched in nickel-alloy sheet 0.003 or 0.004 in. (0.076 or 0.10 mm) thick
by a conventional punch and die (left) and by the new tool (right).

Asimple punching tool has been usedto
make holes in thin metal sheets, without
the burrs and edge deformations that ac-
company the use of conventional punch-
and-die sets (see Figure 1). The tool can be
used on such materials as stainless steel,
nickel alloys, beryllium, copper, and
aluminum, in thicknesses of 0.002 to
0.010 in. (0.05 to 0.25 mm). With the new
punch, the hole size can be held to a toler-
ance of +0.001 in. (0.025 mm).

Instead of a conventional die, the tool
(see Figure 2) includes a clamp made of
two 3/32-in.- (2.4-mm-) thick titanium plates.
A hole is drilled and reamed simultaneous-
ly through both plates to produce con-
gruent holes of the size and shape to be
punched. To maintain the alignment of the
punch holes, two dowels are press-it into
one plate and have a slip fit in the other.

Instead of a conventional metal punch,
the tool includes a rubber punch with a
hardness of Shore durometer 45; the
punch fits in a holder on an arbor press.
The punch is wider than the hole. With the
thin metal sheet placed between the plates
on the arbor press, the punch pushes
down on the plates, clamping the three
layers together. As the pressure increases,
the rubber extrudes into the hole, eventual-
ly reaching and pushing out the exposed
portion of the sheet. When the pressure is
removed, the rubber retracts from the
hole, resuming its original shape.

This work was done by Richard Garcia,
Derrell Foster, and Valentino Miranda of
Rockwell International Corp. for Johnson
Space Center. No further documentation
is available.

MSC-21134

Figure 2. The new Punching Tool includes
a rubber punch that extrudes into the hole
in the top plate, pushing out the exposed
portion of the clamped metal sheet.
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Device Applies Films to Optical Elements
The resulting coatings are free of wrinkles and air bubbles.

Ames Research Center, Moffett Field, California

A clamping device applies a protective
or antireflective dielectric coating to
lenses or other optical elements. An alter-
native version of the device applies a thin
sheet of a dielectric film to a ring or
stretches it for clamping in a holder to
form a pellicle or beam spilitter.

Although a variety of dielectric films
adhere well to optical elements, it is dif-
ficult to obtain a smooth, flawless sur-
face. The imperfections come from
wrinkles in the plastic and from residual
air bubbles. These defects are avoided by
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the new apparatus, which uniformly
stretches the dielectric films in a radial di-
rection and creates a vacuum between
them before they are thermally bonded to
the optical element.

As shown in the figure, the device in-
cludes a pair of outer plates, a polished
inner plate, guide pins for alignment, and
bolts and wing nuts for squeezing the
plates together. Each of the outer plates
has a conically tapered (about 10° angle)
surface extending radially from a shoul-
der. The conical surface supports a heat-

resistant elastic O-ring. The inner plate
has a central hole for the optical element
to be coated. Soldered in a groove in this
plate is a hypodermic needle with an
outer coupling that connects to a vacuum
system that removes air between the
dielectric films.

In a typical coating operation, holes
corresponding to the circular bolt and pin
pattern are first melted in the sheets of
dielectric material, using a soldering iron
and a template. The optical element to be
coated is then placed in the central hole
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The Optical Element To Be Coated is clamped between inner sheets of the coating material and outer sheets of high-melting-point plastic.

Tightening the wing nuts causes the O-rings to move outward, stretching the plastic sheets.

and sandwiched between two inner
sheets of the coating material (for exam-
ple, polyethylene). An outer sheet of a
plastic with a higher melting temperature
[for example, Mylar (or equivalent)
polyethyleneterephthalate] is placed be-
tween each outer plate and the inner
coating sheet.

Tightening the wing nuts causes the
upper and lower O-rings to roll outwardly
because of the tapers of the outer plates.
The outward motion of the rings stretches
the dielectric films radially outward. The
films are observed to ensure that they are
being stretched evenly and that all

wrinkles and air bubbles are removed.

Next, the assembled film-application
device is placed in an oven and evacu-
ated. The temperature is raised to the re-
quired level, which for polyethylene
coating is 73°C (slightly below its melting
point). After approximately one hour, the
thermal bond will have been made, and
the vacuum and the oven are turned off.
After the device has cooled, it is dis-
assembled, and the outer dielectric is
peeled off the coated element. If more
than one layer of polyethylene is applied,
each subsequent layer reduces the flaws
of the previous layer.

To make a pellicle, the central plate is
omitted, and a single dielectric film is
stretched between the outer plates.
When all wrinkles have been removed
from the sheet, it is bonded to a pellicle
holder and then cut free.

This work was done by Gordon C.
Augason of Ames Research Center. For
further information, Circle 100 on the TSP
Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center [see page 14].
Refer to ARC-11611.

Filament-Winding Technique for Concave Parts

A dummy mold and vacuum bagging yield accurate part girth.

Ames Research Center, Moffett Field, California

A proposed method of filament wind-
ing would facilitate the accurate fabrica-
tion of fiber/matrix composite parts having
closed sections with concave surfaces.
With this method, parts that had to be laid
up by hand can now be wound with fila-
ments: this reduces the time and cost of
fabrication and improves the quality of

Bridging of Filaments

7y

Be Made
Figure 1. Bridging results when filaments
are wound on a part with concave sur-
faces.
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the parts.

As shown in Figure 1, the conventional
technique of filament winding on a man-
drel with concave surfaces results in
bridging of the filaments across the con-
cave regions. This yields an incorrect part
shape and girth, which could prevent the
part from mating properly with another
part, or otherwise prevent the part from
functioning properly. Consequently, either
the bridging is tolerated or else the com-
posite material has to be applied manual-
ly in a procedure that is time consuming
and costly.

As shown in Figure 2, the new method
would involve a second (dummy) man-
drel, which would be attached to the con-
cave regions of the mandrel having the
shape of the part to be covered. The man-
drel could be constructed as a solid tool
or as an inflatable part to ease removal

Figure 2. A Dummy Mandrel With a Con-
vex Outer Surface is added to the mandrel
having the shape of the part to be made.
The outer dummy surface has the same
perimeter as that of the covered concave
portion of the first mandrel.

prior to bagging. The second mandrel
would be designed to have a convex
winding surface, the cross-sectional path
length of which is identical to the cross-
sectional path length of the covered con-
cave surface (i.e., in the figure, path A =
path B).

The filaments would be wound around
the two-mandrel assembly. Following

87



completion of the winding operation, the
dummy would be removed, and the fila-
ments or filament/matrix composite ma-
terial would be vacuum bagged onto the
first mandrel. Since the filament length is
just right, the filaments settle into the con-

cave regions, giving the part the correct
shape and girth. The part could then be
cured.

This work was done by Donald Carter
and David Schmaling of United Technolo-
gies Corp. for Ames Research Center.

No further documentation is available.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel.
Ames Research Center [see page 14].
Refer to ARC-11672.

Portable Chamfering Tool

A power tool machines precisely onsite.

Lyndon B. Johnson Space Center, Houston, Texas

A portable machine tool precisely cuts a
chamfer on a valve seat. With the tool, a
delicate machining operation can be done
without removing the part to a machine
shop. The tool can be taken to the part and
used wherever pressurized air and electric
power are available. For example, it is used
on the umbilical valve for the Space Shuttie
external tank in the clean room in which

the valve is assembled. It can be adapted
for operations in aircraft, ships, land
vehicles, and industrial machinery at sites
remote from machine shops.

A plug with a bushing is inserted into the
valve opening, which is 3.250 in. (8.26 cm)
in diameter (see figure). The plug is
secured by a washer and nut. It serves to
guide and stabilize the rod that drives the

cutting tool.

The rod is installed in a positive-feed drill
when the feed is fully retracted. The cutter
is set to the required chamfering dimen-
sion, and a pin 0.187 in. (4.75 mm) in diam-
eter is inserted through the cutter holder
and the rod. Fastening the cutter with the
pin ensures control of the depth of the
chamfer and positive retraction of the tool
when the job is complete.

This work was done by Leo A. Berson of
Rockwell International Corp. for Johnson

Center. For further information,
Circle 91 on the TSP Request Card.
MSC-21087
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Laser Scanner for Tile-Cavity Measurement

Irregular surfaces are mapped and digitized for numerical-control machinery.

Lyndon B. Johnson Space Center, Houston, Texas

A fast, accurate laser scanning system without making any physical contact with
measures the size and shape of a cavity the cavity and its walls. The measurements

are processed into control signals for the
numerically controlled machining of a tile
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The Laser Scanning System generates a map of grid points representing a cavity and a portion of the outer surface surrounding the cavity.
The map data are used to control a milling machine, which cuts a tile or block to fit in the cavity.

or block to fit the cavity. Other likely ap-
plications for this system include noncon-
tact surface measurements, robotic vision
systems, and inspection of machined and
sheet-metal parts.

The system (see figure) includes a scan-
ning head (consisting of five sets of la-
ser/camera pairs), a scanning control
computer, a television monitor, and an op-
erator terminal. A 50-ft- (15-m-) long power,
data, and control cable enables the scann-
ing head to be repositioned for different
measurements.

The laser beam is directed in front of the
camera and sweeps across the cavity
walls and the adjacent outer surface. The
measurement data travel through the
cable to a computer where they are trans-
lated into positional coordinates. Altogeth-
er, the system thus generates the coordi-
nates of 7,000 points to map the surface in
about 50s. In addition, the system can
map the missing portion of the outer sur-
face at the cavity opening by mathematical
extrapolation from the adjacent outer sur-
face. The grid-point data are fed into a post-

processor, where they are translated into
the numerical control language under-
stood by a milling machine.

This work was done by Stanley Y.
Yoshino, Donald H. Wykes, George R.
Hagen, Gene E. Lotgering, Michael B.
Gaynor, Paul G. Westerlund, and Thomas
A. Baal of Rockwell International Corp. for
Johnson Space Center. For further infor-
mation, Circle 68on the TSP Request Card.
MSC-21136

Making Optical Correctors by Diamond Turning

An rms surface error of only 0.075 wave has been achieved.

NASA's Jet Propulsion Laboratory, Pasadena, California

The Large Optics Diamond Turning Ma-
chine (LODTM) at Lawrence Livermore
National Laboratory has been used to
make highly amorphic reflecting wave-
front-corrector plates with an rms differ-
ence between the desired and the meas-
ured reflector surfaces of only 0.075 wave.
The measured errors correspond to one
standard deviation of the uncertainties in
the digitization and reduction of in-
terferograms of the surface. Thus, it ap-
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pears that the accuracy of the LODTM-
generated surface exceeds the current
ability to measure it.

This work demonstrates the feasibility of
single-point diamond turning for the manu-
facture of generalized wavefront-control
surfaces or other unusual surfaces desired
by optical designers. The maximum depar-
ture of the diamond-turned corrector sur-
face from the nearest regular surface is set
by the dynamic range and acceleration

capabilities of the LODTM in controlling the
motion of the diamond tool. The LODTM
has the acceleration, the precision of mo-
tion, and the computer control system
necessary to make an amorphic surface to
1/20-wave accuracy.

Although optical designers have ex-
plored many asymmetric optical systems,
few such designs have been built because
of the difficulties of manufacturing and
testing such surfaces when traditional
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grinding is used. The effect on perform-
ance of including an appropriate asymme-
tric surface can be striking: one design for
a decentered Schmidt/Cassegrain system
shows a reduction in rms spot radii by a
factor of 3 across the field when an asym-
metrical correcting surface is included.

In this experiment, two wavefront-cor-
rector plates and one optical flat were
turned on 2-cm-thick Super-Invar™ sub-
strates with 13-percent electroless nickel
plating 4 to 6 mils (0.1 to 0.15 mm) thick. As
shown in the figure, the calculated and
measured corrector-plate surfaces match
closely.

This work was done by Aden B. Meinel,
Marjorie P. Meinel, and John E. Stacy of
Caltech for NASA’s Jet Propulsion Lab-
oratory and Theodore T. Saito and Steven
R. Patterson of Lawrence Livermore Na-
tional Laboratory For further information,
Circle 105 on the TSP Request Card.
NPO-16918

fe—1.5 crm ==

The Wavefront-Corrector Interferogram, as calculated from the equation of the corrector
surface, is shown on the left. The measured interferogram of the diamond-turned surface
(right) shows excellent agreement with the design. (The black disk in the center of the
measured interferogram is due to a hole in the center of the plate.)

Supports for Wires Soldered to Pins

Stress concentrations are reduced by reorienting wires.

Marshall Space Flight Center, Alabama

Wire connections susceptible to dam-
age from handling or vibration gain addi-
tional support with a new bonding config-
uration. Ordinarily, the soldered joint
between a wire and a terminal pin is prone
to fatigue cracking at the terminus of the
solder fillet. In the new configuration, the
wire is oriented to minimize stress in this
critical region.

The direction in which the wire ap-
proaches the pin is reversed. The wire is
given a U bend so that it joins the pin from
the connector side instead of from the free
end (see figure). The wire is soldered to the
pin, then covered with a sheath of heat-
shrinkable tubing. The terminal pin acts as
a splint for the vulnerable section of wire
next to the solder fillet.

This work was done by Arthur J. Hill of
Rockwell International Corp. Marshall
Space Flight Center. No further docu-
mentation is available.
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The New Solder-Joint Configuration provides support for the part of the wire most suscepti-
ble to damage from handling or vibration — the part next to the solder joint. The reversal of
the wire and the heat-shrinkable tubing reduce the stress in this region.

High-Density-Tape Casting System

A centrifuge packs solids from a slurry into a uniform, dense layer.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Tapes cast from slurries by a new cen-

trifugal system are more densely packed
and uniform than tapes cast in the conven-

tional manner by spreading slurries onto
NASA Tech Briefs, September 1987

flat surfaces to dry. Because the centri-
fugal packing forces used are several
orders of magnitude larger than gravity, the
new system produces tapes of nearly theo-

retical packing density. The centrifugal
system can be used to cast thin tapes for
capacitors, fuel cells, and filters, for exam-
ple.
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The new system (see figure) uses a ro-
tating drum as a centrifuge to enhance the
packing of the particles from the slurry. To
delay drying until casting is complete, va-
por pressure is maintained by placing extra
slurry solvent in a coaxial cup inside the
casting drum. After casting is complete,
the liquid is removed and the vapor is vent-
ed to allow the membrane to dry. Binders
from the slurry coat the solid particles and
hold them together. The dry tape is peeled
from the inside of the drum for sintering,
heat treating, or any other processing
steps that may be required.

This work was done by Earl R. Collins, Jr.
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
22 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA's Jet
Propulsion Laboratory [see page 14]. Refer
to NPO-16901.

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.

Levitation by Heat
Radiation in Microgravity

Radiation pressure would
push samples into position.

A report presents calculations relating
to the feasibility of a proposed heating-and-
levitating technique for use in microgravity.
In a material-processing system based on
this technique, a specimen would be heat-
ed to the required processing temperature
by thermal radiation, and the pressures of
the radiation impinging on the specimen
from different directions would be con-
trolled to push the specimen toward the de-
sired position. The technique would be
used in spaceborne manufacturing proc-
esses and experiments that require levita-
tion in a vacuum to prevent contamination
of any kind from reaching the specimens.

The heating-and-levitating apparatus
would include six heat sources — as an
example, electrically heated tungsten
filaments with reflectors. Each heat source
would be centered on one of the faces of
an imaginary cube, facing inward. The dif-
ference in radiation pressure on the op-
posite faces of the specimen — and,
therefore, the acceleration of the spe-
cimen along each axis of the cube —
would be controlled by turning heat sourc-
es on or off or by increasing or decreasing
the difference between the electrical
powers supplied to the oppositely facing
92
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The Cylindrical Rotary Casting Chamber is mounted on high-speed bearings and connected
to a motor (not shown). The liquid for vapor-pressure control and the casting slurry are intro-
duced from the syringes through the rotary seal. During the drying step, the liquid and vapor
can be vented through the feed tubes or other openings. Laminated tapes can be produced
by adding more syringes to cast additional layers of different materials.

heat sources on each axis. During a typical
heating process, an automatic subsystem
would repeatedly adjust those powers to
maintain the specimen near the center of
the cube.

Using the theory of black-body radiation,
preliminary calculations were performed
to estimate the capabilities and require-
ments of a typical levitation system. The
specimen was assumed to be a glass ball
of 1-cm diameter with a mass density of
2.72 glem3, emissivity of 0.30, and heat
capacity of 0.2 cal/gK. Each tungsten-
filament heat source was assumed to be
coiled to a diameter of 1 cm, to have an
emissivity of 0.35, and to be heated to
6,000 °F (3,589 K) when turned on.

If the specimen were at a typical room
temperature of 20°C, the radiation force
on the sample from one of the heat sourc-
es would be 0.044 dyne. If the specimen
were at a processing temperature of
2,000 °C, the radiation force would be
0.037 dyne. In both cases, the radiation
force is more than enough to overcome
the microgravitational force of 0.014 dyne
that would occur in a typical field of 10—5
times the average gravitation at the sur-
face of the Earth.

In a typical process, the glass ball might
be irradiated while it is kept at the center by
turning up one heat source at a time (the
one toward which the sample is drifting).
The black-body calculations show that it
would take about 15 minutes to raise the
temperature of the sample from 20°C to
2,000 °C. Thus, it appears feasible to heat

and position a specimen by thermal radia-
tion alone.

This work was done by Philip |.
Moynihan of Caltech for NASA’s Jet Pro-
pulsion Laboratory. 7o obtain a copy of
the report, “Levitation of a Test Sample in
Microgravity by Radiation Pressure,” Cir-
cle 81 on the TSP Request Card.
NPO-17022

Effects of Control
Parameters on a Robot
Welder

Gains and weighting factors
in a vision-based controller
are evaluated.

A report describes a study of the trajec-
tory control in a vision-based robotic wel-
der. It covers an evaluation of the user-pro-
grammable parameters that dictate the
control response to a perceived error in
tracking the weld seam.

The welder uses illumination from the
welding arc for vision-based tracking of
square butt joints viewed through the weld-
ing torch. The system uses a proportional-
integral-differential control algorithm. The
trajectory-control procedure begins with
detection of the weld joint. Confidence in
the collected image is quantified and must
be greater than a programmed threshold
for correction to occur. If the decision is to
track an image feature, the present error is
calculated as the distance between the
joint position and the center of the elec-
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trode. Once the present error is calculated,
it is averaged with preceding values by a
recursive technique.

In the evaluation, a controlled disturb-
ance was provided by welding on straight-
line square butt joints using a programmed
path with a ramp offset and two step off-
sets. The tracking accuracy was meas-
ured at increments along the weld path,
and the collected data were statistically
reduced to three values for each weld. Two
of the values measured accuracy and the
third measured stability.

The measurements showed that in-
creasing the proportional gain increased
the ability of the system to correct for
abrupt offsets. However, the overall ac-
curacy, as expressed by the root-mean-
square error, tended to decrease when
gain was raised beyond a certain level be-
cause of the consequent decrease in sta-
bility. Varying the differential gain caused
little change in the control response over a
wide range.

Increasing the integral gain tended to
reduce the stability of control. Increasing
the seam data average weight (an expo-
nent in the weighting factor) also reduced
stability.

This work was done by K. J. Gangl and J.
L. Weeks of Rockwell International for
Marshall Space Flight Center. Further
information may be found in NASA CR-1
78538 [N80-16587/NSP], “Influence of
Control Parameters on the Joint Tracking
Performance of a Coaxial Weld Vision Sys-
tem.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra
fee by calling (800) 336-4700. The report is
also available on microfiche at no charge.
To obtain a microfiche copy, Circle 56 on
the TSP Request Card.

MFS-28162

Study of Silicon-
Web Growth

Previously accepted concepts
appear to be inadequate.

A study of the dendritic-web growth of
single-crystal silicon has cast doubts on
previously accepted physical concepts of
the process. Despite more than 25 years of
investigation, dendritic-web growth is not
yet commercially viable for the production
of single-crystal silicon for solar photo-
voltaic cells. Progress is impeded by the
lack of understanding of the many phe-
nomena involved. Of particular concern
are the thermal conditions in the melt
around the growing solid. It now appears
that previous assumptions regarding tem-
perature distributions were incorrect, part-
ly due to an erroneous published inter-
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pretation of the pioneering work of
Czochralski.

In the dendritic-web process, the solid
web of silicon is pulled from the melt
through a narrow slot in a lid that covers
the silicon melt. Holes at the ends, which
give the slot a “dog-bone” appearance,
allow increased local thermal radiation
from the melt to impose a more desirable
spatial temperature distribution. Growth is
initiated by placing a seed crystal at the
center of the slot, then suitably decreasing
the temperature of the melt until a button
begins to grow from the seed.

If all goes well, the button grows with
very little growth in width toward the ends.
The button is then pulled up from the melt,
and a web of single-crystal silicon grows
between dendrites as the pulling contin-
ues.
According to the concepts that have
prevailed up to now, the initiation of growth
requires an undercooled melt. However, in
this study, thermal calculations show that
the melt remains above the freezing tem-
perature. Instead, heat conduction
through the solidifying material and heat
radiation through the slot now seem more
likely to effect the heat transfer necessary
for solidification.

This concept was partly borne out in ex-
periments on the growth of buttons, in
which solidified material could be ob-
served as highly radiating areas on the sur-
face of the melt. The growth of abuttonis a
self-propelling process: the emissivity of
the solid (about 0.46) exceeds that of the lig-
uid (about 0.22). Thus, with the solidification,
the local radiative thermal loss increases,
causing a decrease in local temperature
and consequently further solidification of
the melt.

The experiments also showed that but-
tons grow unpredictably in three distinct
types. The factors that determine which
type a particular button will be may include
the symmetry or asymmetry of the temper-
ature distribution, the orientation and
placement of the seed crystal, and possibly
the microscopic features of the contact be-
tween the seed crystal and the melt.

The large faceted surfaces observed on
two types of buttons could not have coin-
cided with the isotherm of the melting tem-
perature. Temperature differences as
large as 3 to 5°C were estimated to have
existed on the faceted solid/liquid interface
during crystal growth. This observation in-
dicates that a thermal analysis that ex-
cludes the crystallization kinetics can
predict neither the shape nor the location
of the solid/liquid interface.

This work was done by Robert Richter of
Caltech for NASA’s Jet Propulsion Lab-
oratory. 7o obtain a copy of the report,
“Study of the Mechanism of Single Crystal
Silicon Growth in a Web Configuration,”
Circle 141 on the TSP Request Card.
NPO-16964

Linear Anomaly in Welded
2219-T87 Aluminum Alloy

Microdensitometry can be
used to distinguish between
cracks and harmless ano-
malies in radiographs.

A study of the causes and significance
of two types of linear anomalies (also re-
ferred to as weld-radiograph enigmas) that
sometimes appear in radiographs of welds
is described in a preliminary report. The
anomalies are manifested as light or dark
linear features parallel to the weld line in a
radiograph of a weld. Dark anomalies can
be mistaken for weld cracks. The study
was undertaken because the anomalies
were observed in welds in 2219-T87
aluminum alloy, the alloy used to make the
Space Shuttle external tank.

A variety of causes of the anomalies
were identified. These include the thermal
distribution and the flow of liquid metal dur-
ing welding; the development of micro-
structure, second-phase particles, and
porosity during solidification; and the pat-
tern of residual stresses after the weld has
cooled. The absorption and diffraction of x
rays by internal and external weld features
also contribute to the anomalies.

The report contains diagrams and des-
criptions of phenomena that occur during
the welding process. It includes microden-
sitometer traces from x-radiographs of ac-
tual welds and from computer simulations
based on the calculation of x-ray transmis-
sion through assumed weld structures.

The report concludes that the ano-
malies are not unique to the 2219-T87
aluminum alloy and cites literature refer-
ences for similar features in other alloys.
Microdensitometer traces across suspect
features show promise for distinguishing
between linear anomalies and cracks: the
anomaly images are less dense than crack.
images, the image-density difference for
an anomaly being about 0.1 and that for a
crack about 0.5.

This work was done by Wartan A.
Jemian of Auburn University for Marshall
Space Flight Center. Further information
may be found in NASA CR-178745
[N86-22685/NSP], “On the Determination
of Linear Anomaly in the Macrostructure of
VPPA Welded 2219-787 Aluminum Al-
loy — Preliminary Report.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra
fee by calling (800) 336-4700. The report is
also available on microfiche at no charge.
To obtain a microfiche copy, Circle 55 on
the TSP Request Card.

MFS-27152
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Space-Subdivision Algorithm for Abstract Trajectories

Computational overhead in testing links between nodes is reduced.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A computationally efficient algorithm fa-
cilitates the subdivision of n-dimensional
spaces during the selection, testing, or op-
timization of trajectories in those spaces.
The algorithm can reduce the cost of com-
putation in such diverse problems as
scheduling of interrelated events to avoid
conflicts, devising efficient production-line
layouts and operating schedules, routing
telephone calls, and analyzing the motions
of gas particles.

A problem of this type generally involves
the search for the paths of many indepen-
dently movable agents through the n-di-
mensional space. The agents are not al-
lowed to collide, and their motions may be
subject to optimality criteria (e.g., find the
shortest possible path) or other rules (e.g.,
only forward motion allowed along the time
axis or along one or more spatial axes).

The algorithm is based on a binary en-
coding scheme related to the subdivision
of the n-space, or of a previous subdivision
of the n-space, into 2" parts; for example, of
a line into two halves, a plane into four
guadrants, a cube into eight octants, or a
four-dimensional hypercube into 16 hexi-
decants. The four-dimensional hypercube
is particularly interesting because of its uti-

lity in the analysis of time-dependent trajec-
tories of physical objects in ordinary three-
dimensional space.

The figure helps to illustrate the three-di-
mensional application of the algorithm.
Paths in three-dimensional space are an-
alyzed in terms of octrees, which are the
eight-branched trees corresponding to the
octant subdivisions. When a subdivision is
performed, each of the resulting octants is
assigned a number in binary notation: the
bitwise adjacency of those numbers cor-
responds to the spatial adjacency of the
octants. If all travel between adjacent oc-
tants is through faces (not through edges
or corners), then any motion from one oc-
tant to the adjacent octant can be repre-
sented by the change of a single bit. The
directions and magnitudes of path seg-
ments between various nodes are thus
easily calculated in binary submultiples of
the largest octant-edge length.

Each octant is assigned a label that indi-
cates its content (full, partial, or empty).
The largest cube that contains all other oc-
tants is called the root node of the octree.
To establish the preferred direction of
travel of an agent, the path-planning algo-
rithm is applied at a low order of subdivi-

sion representative of a coarse spatial res-
olution. The analysis then proceeds to the
next higher level of resolution by making
the next subdivision, descending into the
octree from the intial node along the direc-
tion previously calculated. From this direc-
tion specification there must be generated
an empty suboctree big enough to contain
the agent, according to the rules of the spe-
cific problem.

Tree encoding for path planning pro-
vides a unified method for the solution of
two-, three-, and four-dimensional prob-
lems, with time treated as one of the di-
mensions. The n-space subdivision ena-
bles the use of standard graph-searching
technigues in the planning of paths. The
algorithm quickly eliminates the portions of
n-dimensional space that do not have to be
tested; this reduces the computational
overhead in testing links between nodes in
a graph, so that more paths can be tried
and better paths can be selected in less
computation time.

This work was done by Douglas K. Lyon
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
21 on the TSP Request Card. NPO-16939

SUBDIVISION INTO OCTANTS

Starting
Node

Agent at
Destination
Node

MOTION OF AGENT BETWEEN
ADJACENT NODES

A Cube Is Subdivided Into Octants, each of which represents a node along a path traveled by an agent. The movement of the agent from a
starting node to adestination node is represented by a series of motions through the common faces of adjacent octants. Each unit motion is
represented by a change of one bit in the binary enumeration of the octant.
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FPT Algorithm for
Two-Dimensional
Cyclic Convolutions

The algorithm is regular,
modular, and expandable.

NASA'’s Jet Propulsion
Laboratory, Pasadena,
California

A fast-polynomial-transform (FPT) algo-
rithm computes the two-dimensional cyclic
convolution of two-dimensional arrays of
complex numbers. Whereas previous al-
gorithms decomposed the problem into
one-dimensional polynomial convolutions
of different lengths, the new algorithm uses
cyclic polynomial convolutions of the same
length. Consequently, only fast polynomial
and fast Fourier transforms of the same
length are required. The algorithm is there-
fore regular, modular, and expandable.
These qualities make it suitable for imple-
mentation in very-large-scale integrated
circuits for template matching or other
image-processing applications.

The problem is to compute the two-di-
mensional cyclic convolution of the two
d,by-d, arrays {a,,, )} and {b,,,, }, where
0<t,<d;—1 and 0<t,<d,—1. The con-
volution is defined by

d{—1 do—1
Coynp= 2 2 Py —tyring-1p)
t4=0 t2=0
where (n, —t,)and(n, —t;)denote the resi-
dues of n; —t, and n,—t, modulo d, and
d,, respectively.

With the help of polynomial transforms
that sum over the indices t,andt,, the two-
dimensional cyclic convolution C,, ) is
converted to a one-dimensional cyclic con-
volution C(Z), where Z = the polynomial-
transform variable. A new decomposition
is chosen for a polynomial that appears in
C.(2). Additional transformations are in-
troduced, and extensive manipulations are
performed.

The net effect of the derivation is to pro-
vide for the calculation of C,(Z) through a
seven-step algorithm that involves FPT's
and has the desired modularity. The FPT
technique is advantageous in that multipli-
cations are replaced by cyclic word shifts.
A generalized fast Fourier transform can
be used to compute the polynomial pro-
ducts in one of the steps. The first step in-
cludes modulus reductions, and the last
step includes reconstruction by the
Chinese Remainder Theorem; both have
butterfly flow structures similar to those of
the fast Fourier transform.

This work was done by Trieu-Kie Truong,
Howard M. Shao, D. Y. Pei, and Irving S.
Reed of Caltech for NASA’s Jet Propul-
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sion Laboratory. For further information,
Circle 78 on the TSP Request Card.
NPO-16835

New Products

Measurements from 50 MHz to 26.5 GHz
(over -70 to -20 dBm) can be made with one
diode sensor and the new ML4803A
Microwave Power Meter from Anritsu
America, Inc., Oakland, NJ. New “amor-
phous” thermocouple sensors permit
measurements from 10 MHz to 32 GHz (-30

to + 20 dBm), while providing low VSWR
and high response speeds.Circle Reader
Service Number 574.

Anintelligent sensing system by Nameo, in
Mentor, OH can determine distance, angle,
height and code readings. Data from
Lasernet can operate automated guided
vehicles without wire guide paths. In auto-
mated storage and retrieval systems, the
system can ensure proper alignment bet-
ween acrane’s picking mechanism and ma-
terial containers. Lasernet provides real-
time information, updating every 50 milli-
seconds, and includes logic to provide 0-10
VDC analog outputs. Circle Reader Action
Number 579.

ERIM REPORT #8a

For the past forty years
ERIM has been at the
forefront of research in
electromagnetic scat-
tering, propagation,
thermal emission and
related phenomenol-
ogy, and modeling.
These investigations
encompass active and
passive sensor con-
cepts in wavelengths
which span the spec-
trum from the micro-
wave to the millimeter,
infrared and visible/-
UV regions.

Some of ERIM’s current
investigations include:
B Development and demonstration
of active and passive synthetic
aperture, very fine resolution
imaging systems

Inverse scattering theory

Near field phenomena
Scattering cross-section

Clutter rejection methods
Information extraction and
signal processing

An advanced computer simulation
program allows us quickly and inex-
pensively to perform metric studies,
generate images of physically
unavailable objects, assess sensors
and signatures, and evaluate sensor
data processing algorithms.

Career Opportunities

ERIM has research and management
positions available at several levels
in the following areas:
M Radar System Design
B E-O/IR System Design

& Analysis
B RF Circuit Design

Advanced Sensor
System Development

Simulated 10.6mm Laser
Synthetic Aperture
Radar Image

Simulated Optical Image
(left)

(right)

B Optical Computer System

B Phase Retrieval/Signal
Reconstruction

B Radar System Engineering
& Analysis
B Signal & Image Processing

M Microwave Scattering &
Measurement Engineering

B Diffractive Optics

All positions require a BS, MS, or
Ph.D. in engineering, physics,
mathematics, or statistics, along with
appropriate work experience. Salary
and benefits are bighly competitive.

Send your resume to ERIM, Person-
nel Administration, Dept. NT, P.O.
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.

US. Citizenship required/Fqual opportunity employer

Circle Reader Action No. 475
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Controlling Growth Rates of Protein Samples

The environment is made dry or wet to adjust the rate.

Mashall Space Flight Center, Alabama

An apparatus enables the control of
humidity in a chamber to control the rates
of growth of crystalline samples of protein.
The size of the drop of solution from which
the protein is grown can be made larger or
smaller by the condensation or evapora-
tion of water. Because the concentration of
protein and precipitating agent are inverse-
ly proportional to the size of the drop, the
change in size can be used to control the
growth rate.

A syringe containing the protein solution
is inserted into the growth chamber, and a
drop of solution is forced from it so that the
drop hangs from the syringe tip (see figure).
An operator opens the valve between the
chamber and a desiccant container. The
drop shrinks as water evaporates fromit in-
to the desiccant. The operator observes
the drop and, when it reaches the desired
size, closes the desiccant valve.

If the drop becomes too small, the oper-
ator opens the valve to a water container.
Moisture from the container condenses on
the drop so that it expands. With valves, the
operator can thus regulate the humidity in
the growth chamber.

The apparatus can readily be adapted to
automation. For example, a video image of

With Water

Water-Control
Valve

Situated Between a Desiccant and a Water Source, adrop of protein solution shrinks or
swells, according to which valve the operator opens. The growing protein crystal is viewed

through the polarizing film.

the drop can be used to generate control
signals for the valves. Several hundred
samples could then be grown simultane-
ously without constant individual attention
by an operator.

This work was done by Frederick T.
Herrmann and Blair J. Herren of Marshall

Space Flight Center. For further informa-
tion, Circle 138 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 14].Refer to
MFS-28182.

Mixing Valve for Protein-Crystal Growth

A multichamber unit combines reactants as necessary.

Marshall Space Flight Center, Alabamba

An apparatus for growing protein and
other crystals holds reactants in separate
chambers, then allows them to combine at
the proper time. With a suitable design, a
provision can also be made for a quench-
ing agent to join the reactants when it is
time to stop the reaction.

The apparatus was developed for pro-
tein-growth experiments in microgravity, in
which crystal growth is unaffected by con-
vection currents in the reactants. How-
ever, for some experiments it may also
function in normal Earth gravity. It is com-

96

patible with the principal techniques for
protein growth — the dialysis, batch, and
liquid/liquid diffusion processes.

The apparatus consists of a series of op-
posed chambers separated by a rotary
valve (see Figure 1). Passages inside the
valve connect the chambers or isolate
them, depending on the rotational position
of the valve and its openings. O-rings and
linear strips of elastomer on the valve pre-
vent leakage between chambers.

Materials are introduced into the cham-
bers through removable screwcaps at the

outside ends of the chambers. Alternative-
ly, material can be fed into a chamber by a
syringe needle inserted through a polytet-
rafluoroethylene-coated silicone-rubber
septum in the screwcap. A syringe can
also be used to remove air from a cham-
ber.

When the chambers have been filled,
but before mixing, the valve passages are
perpendicular to the chambers so that the
chambers remain isolated. To initiate mix-
ing, the valve is rotated 90°. This aligns the
valve passages with the chambers so that

NASA Tech Briefs, September 1987



the contents of pairs of opposing cham-
bers mingle and the crystal-growth reac-
tion proceeds (see Figure 2). If aquenching
agent is to be used to stop the reaction, the
valve is rotated an additional 180° to
release the agent to the chambers.

The apparatus can easily be automated.
It can be enlarged to accommodate more
experiments simply by adding modules of
chambers. Multiple-step chemical synthe-
ses can be carried out if enough passages
are provided in the valve. The apparatus
can be made from various chemically inert
materials, and its chambers can be de-
signed with capacities ranging from millili-
ters to liters.

This work was done by Daniel C. Carter
and Mary Beth H. Broom of Marshall
Space Flight Center. For further informa-
tion, Circle 158 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 14].Refer to
MFS-26047.
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Linear
Seal

Chamber

Figure 1. Openings in a Cylindrical Rotary Valve connect chambers to each other selectively
through internal passages. O-ring and strip seals prevent leakage over the valve surface.
Caps on the chambers seal them tightly but are removable for the addition of reactants or

withdrawal of reaction products.

Passages for Mixing
of Solutions in Chambers

Aand B

O-Rlng\

Linear /
Seal

Passages for Solution
from Chamber C to
Chambers A

Figure 2. A Cylindrical Rotary Valve, shown here in cross section, is 90° from a positior in
which reactants A and B can mix and react. Rotation of the valve by 180° from the position

bers A.
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gcomplished

hile America festively cele-
w brates the 200th birthday of

its Constitution, conser-
vators at Washington’s National Ar-
chives are quietly working to save the
document from the ravages of time.
The key element in their effort is a
NASA-developed imaging system
designed to monitor the physical con-
dition of not only the Constitution, but
the Declaration of Independence and
the Bill of Rights as well.

In the past, America’'s Charters of
Freedom were subjected to a variety of
harsh conditions. During the Revolu-
tionary War, the Declaration of In-
dependence was carried by wagon
back and forth between eight cities.
Later it was displayed in numerous
government buildings where exposure
to direct sunlight turned the parch-
ment a deep yellow and faded the ink
to the point of illegibility.

The National Archives, anxious to
prevent further deterioration, tured to
NASA's Jet Propulsion Laboratory
(JPL) for help. Dr. Alan Calmes, Na-
tional Archives Preservation Officer
explained, “We were looking for tech-
nology that would provide us with an
objective, repeatable method of as-
sessing a document’s condition. We
simply had no real way of knowing
when to take a document off of ex-
hibit. . .until it was too late.”

JPL scientists developed a monitor-
ing system which incorporated imag-
ing technology originally used to pho-
tograph planets from unmanned space-
craft. The Perkin-Elmer Corporation
then designed and manufactured the
system, which consists of a scanning
camera and its accompanying image
processing computer. This May, the
“Charters of Freedom Monitoring Sys-
tem” was installed in the National
Archives.

At the heart of the system is a
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charge-coupled device (CCD), a highly
sensitive detector which serves as the
electronic “film” for the camera. Simi-
lar CCDs are utilized on the Galileo
Spacecraft and the Hubble Space Tele-
scope's Wide-Field Planetary Camera.

The CCD can only “see” one narrow
line at atime. Each line is divided into
1024 picture-element dots, or pixels. A
linear motion system developed by the
Anorad Corporation moves the camera
over the document line by line until
1024 lines have been exposed. The re-
sulting 1024-by-1024 pixel images are
then stored in a computer data file.
Each image records only a one-inch
square portion of the document, divid-
ed into more than one million pixels.

Over time, conservators will be able
to detect even microscopic signs of
deterioration in the parchment pages
by using the image processing com-
puter to compare electronic images.
Specific attention will be paid to
changes in readability from ink flaking
or fading, changes in document di-
mensions due to shrinkage, and en-
largement of existing tears and holes.

The system can see “five times
more detail than possible with the hu-
man eye,” according to Dr. Calmes,
who added, “We'll now be able to
detect deterioration much more quick-
ly than if we were relying solely on
human judgement.”

The National Archives is exploring
other uses for the electronic camera,
including methods of measuring the
effects of conversion treatments on
historical documents and authentica-
tion of works of art.

“We plan on using the system to an-
alyze the nature of change,” said Dr.
Calmes. “Through accelerated aging
tests we want to study how docu-
ments fareduring lengthy exhibitions
when exposed to fluctuating light lev-
els, high temperatures, and other ad-

verse conditions.”

In July, Dr. Calmes held a meeting
with representatives from major U.S.
museums and galleries to describe the
potential benefits of the technology.
“The response was very positive,”
stated Dr. Calmes. “After further test
and analysis, | believe interest in the
system will grow tremendously and
you'll see numerous applications.”

Meanwhile, Dr. Calmes is already
looking forward to the Constitution’s
millennium celebration. ““| expect the
charter documents to live another
thousand years and beyond,” he said
confidently. [J

Utilizing a charge-coupled device, the
electronicimaging system takes precise
pictures of the parchment through two
layers of glass, producing a unique
“fingerprint” record of the document.
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Software Performance Analysis, like this distribution of a Step backwards through acquired data, including sub-
subroutine’s execution times, helps you easily understand nes, stack and register models, using time-correlated
the activity of your code. split-screen displays to pinpoint problems.
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modularity and ease of
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what’s been possible before.
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tightly coupled, high-speed
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card modules can act as a sin-
gle unit. Large colorcoded
displays, pop-up menus,
performance analysis graphs,
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o “To build the best possible space station, youd
i g probably look for a team of experts to design and
\)* coordinate the systems the station would need to
function in space. You'd probably want IBM’s
thinking on computer systems. And Honeywell's
solutions on controls. And Lockheed’s
innovations on EVA and thermal control
systems. And RCA's experience with

space communications. And you'd

‘ want the leadership of McDonnell
& . Douglas to help put your space station

together and make it work.

It's easier once you've been there
...and we all have.

. MCDONNELL DOUGLAS
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