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A worker maneuvers an
irrigation pipe that was tabricated
using automated arc-welding guidance equipment
originally developed for NASA's Marshall Space Flight
Center. Employing the latest techniques in optical tracking
and microprocessor control, the system can improve
welding speed and accuracy in a broad range of
nonaerospace applications. |See
the bottom of page A1.]
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The National Aeronautics and Space Act of 1958, which established NASA and
the United States civilian space program, requires that *‘The Administration shall
provide for the widest practicable and appropriate dissemination of information
concerning its activities and the results thereof. "

To help carry out this objective, NASA's Technology Utilization (TU)
Program was established in 1962. Now, as an element of NASA's Technology
Utilization and Industry Affairs Division, this program offers a variety of
valuable services to help transfer aerospace technology to nonaerospace
applications, thus assuring American taxpayers maximum return on their
investment in space research; thousands of spinoffs of NASA research have
already occurred in virtually every area of our economy.

The TU program has worked for engineers, scientists, technicians, and
businessmen; and it can work for you.

Tech Briefs is published quarterly and is free to engineers in U.S. industry and
to other domestic technology transfer agents. It is both a current-awareness
medium and a problem-solving tool. Potential products . . . industrial processes
. . . basic and applied research . . . shop and lab techniques . . . computer
software . . . new sources of technical data . . . concepts . . . can be found
here. The short section on New Product Ideas highlights a few of the potential new
products contained in this issue. The remainder of the volume is organized by
technical category to help you quickly review new developments in your areas of
interest. Finally, a subject index makes each issue a convenient reference file.

Although some new technology announcements are complete in
themselves, most are backed up by Technical Support Packages (TSP’s).
TSP’s are available without charge and may be ordered by simply com-
pleting a TSP Request Card found at the back of this volume. Further infor-
mation on some innovations is available for a nominal fee from other
sources, as indicated. In addition, Technology Utilization Officers at NASA
Field Centers will often be able to lend necessary guidance and assistance.

Patents have been issued to NASA on some of the inventions described, and
patent applications have been submitted on others. Each announcement indicates
patent status and availability of patent licenses if applicable.

To assist engineers, industrial researchers, business executives,
Government officials, and other potential users in applying space
technology to their problems, NASA sponsors Industrial Applications
Centers. Their services are described on page A7. In addition, an extensive
library of computer programs is available through COSMIC, the Technology
Utilization Program'’s outlet for NASA-developed software.

NASA conducts applications engineering projects to help solve public-sector
problems in such areas as safety, health, transportation, and environmental
protection. Two applications teams, staffed by professionals from a variety of
disciplines, assist in this effort by working with Federal agencies and health
organizations to identify critical problems amenable to solution by the application
of existing NASA technology.

We hope you find the information inNASA Tech Briefs useful. A
reader-feedback card has been included because we want your comments and
suggestions on how we can further help you apply NASA innovations and
technology to your needs. Please use it; or if you need more space, write to the
Manager, Technology Transfer Division, P.O. Box 8757, Baltimore/Washington
International Airport, Maryland 21240.
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The photographs on the front and back covers illustrate developments by NASA and its contractots that have resulted in commercial and
nonaerospace spinoffs. You can use the TSP Request Card at the back of this issue to learn more about the Automated Arc-Welding Guidance

System [Circle 86) and Flame-Resistant Polyimide Foam [Circle 87).
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About This
NASA Publication

NASA Tech Briefs, a quarterly publication, is distributed free to qualified U.S.
citizens to encourage commercial application of U.S. space technology. For
information on publications and services available through the NASA
Technology Utilization Program, write to the Manager, Technology Transfer
Division, P.O. Box 8757, Baltimore/Washington International Airport,

Maryland 21240.

“The Administrator of National Aeronautics and Space Administration has
determined that the publication of this periodical is necessary in the
transaction of the public business required by law of this Agency. Use of
funds for printing this periodical has been approved by the Director of the
Office of Management and Budget.”

Change of Address

If you wish to have NASA Tech Briefs forwarded to your new address, use the
Subscription Card enclosed at the back of this volume of NASA Tech Briefs.
Be sure to check the appropriate box indicating change of address, and also
fill in your identification number (T number) in the space indicated.

Communications Concerning
EdltOfla/ Ma tter For editorial comments or general communications about NASA Tech Briefs,
you may use the Feedback card in the back of NASA Tech Briefs, or write to:
The Publications Manager, Technology Utilization Office (LGT-1), NASA
Headquarters, Washington, DC 20546. Technical questions concerning
specific articles should be directed to the Technology Utilization Officer of the
sponsoring NASA Center (addresses listed on page A4).

ACknOWIedg ements NASA Tech Briefs is published quarterly by the National Aeronautics and

Space Administration, Technology Transfer Division, Washington, DC:
Administrator: James E. Beggs; Director, Technology Utilization and Industry
Affairs Division: Ronald J. Philips; Publications Manager: Leonard A. Ault.
Prepared for the National Aeronautics and Space Administration by Logical
Technical Services Corp.: Editor-in-Chief: Jay Kirschenbaum; Art Director:
Ernest Gillespie; Managing Editor: Jerome Rosen; Chief Copy Editor: Oden
Browne; Staff Editors: Donald Blattner, Larry Grunberger, Ted Selinsky,
George Watson; Graphics: Concetto Auditore, Germaine Keller, Luis
Martinez; Editorial & Production: Richard Johnson, Henry Lai, Janet
McCrie, Frank Ponce, Elizabeth Texeira, Vincent Susinno, Ernestine
Walker.

This document was prepared under the sponsorship of the National Aeronautics and Space Administration.. Neither the United
States Government nor any person acting on behalf of the United States Government assumes any liability resulting from the use
of the information contained in this document, or warrants that such use will be free from privately owned rights.
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TECHNOLOGY UTILIZATION OFFICERS

Technology transfer experts can help you
apply the innovations in NASA Tech Briefs.

The Technology Utilization Officer
at each NASA Field Center is an
applications engineer who can help
you make use of new technology
developed at his center. He brings you
NASA Tech Briefs and other special
publications, sponsors conferences,
and arranges for expert assistance in
solving technical problems.

Technical assistance,

in the form of further information about
NASA innovations and technology, is
one of the services available from the
TUO. Together with NASA scientists
and engineers, he can often help you
find and implement NASA technology
to meet your specific needs.

Technical Support Packages (TSP’s)
are prepared by the center TUO's.
They provide further technical details
for articles in NASA Tech Briefs. This
additional material can help you
evaluate and use NASA technology.
You may receive most TSP's free of
charge by using the TSP Request Card
found at the back of this issue.

Technical questions about articles
in NASA Tech Briefs are answered in
the TSP’s. When no TSP is available,
or you have further questions, contact
the Technology Utilization Officer at
the center that sponsored the re-
search [see page A4].

NASA INVENTIONS AVAILABLE FOR LICENSING

Over 3,500 NASA inventions are available for licensing
in the United States — both exclusive and nonexclusive.

Nonexclusive licenses

for commercial use of NASA inventions
are encouraged to promote competition
and to achieve the widest use of inven-
tions. They must be used by a netotiated
target date.

Exclusive licenses

may be granted to encourage early
commercial development of NASA
inventions, especially when consider-
able private investment is required.
These are generally for 5 to 10 years
and usually require royalties based on
sales or use.
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Additional licenses available

include those of NASA-owned foreign
patents. In addition to inventions
describped in NASA Tech Briefs,
“NASA Patent Abstract Bibliography’’
(PAB), containing abstracts of all
NASA inventions, can be purchased
from National Technical Information
Service, Springfield, VA 22161. The
PAB is updated semiannually.

Patent licenses for Tech Briefs

are frequently available. Many of the
inventions reported in NASA Tech
Briefs are patented or are under
consideration for a patent at the time
they are published. The current patent
status is described at the end of the
article; otherwise, there is no state-
ment about patents. If you want to
know more about the patent program
or are interested in licensing a
particular invention, contact the
Patent Counsel at the NASA Field
Center that sponsored the research
[see page A5]. Be sure to refer to the
NASA reference number at the end of
the Tech Brief.
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APPLICATION TEAMS

Technology-matching and problem-solving
assistance to public-sector organizations

Application engineering projects

are conducted by NASA to help solve
public-sector problems in such areas
as safety, health, transportation, and
environmental protection. Some appli-
cation teams specialize in biomedical
disciplines; others, in engineering and
scientific problems. Staffed by profes-
sionals from various disciplines, these
teams work with other Federal agen-
cies and health organizations to

identify critical problems amenable to
solution by the application of existing
NASA technology.

Public-sector organization
representatives can learn more about
application teams by contacting a
nearby NASA Field Center Technology
Utilization Office [see page A4].

INDUSTRIAL APPLICATIONS CENTERS

Computerized access to over

10 million documents worldwide

Computerized information retrieval

from one of the world’s largest banks of
technical data is available from NASA's
network of industrial Applications Cen-
ters(IAC's). The IAC'sgiveyouaccessto
1,800,000 technical reports in the NASA
database andtomore than 10times that
many reports and articles found in near-
ly 200 other computerized data bases.

The major sources include:

* 750,000 NASA Technical Reports

sSelected Water Resources Abstracts

*NASA Scientific and Technical
Aerospace Reports

sAir Pollution Technical Information
Center

*NASA International Aerospace
Abstracts

*Chem Abstracts Condensates

*Engineering Index

*Energy Research Abstracts

*NASA Tech Briefs

sGovernment Reports
Announcements

and many other specialized files on

food technology, textile technology,
metallurgy, medicine, business, eco-
nomics, social sciences, and physical

science.

The IAC services
range from tailored literature searches
through expert technical assistance:

NASA Tech Briefs, Spring/Summer 1982

*Retrospective Searches: Published
or unpublished literature is screened,
and documents are identified accord-
ing to your interest profile. IAC engi-
neers tailor results to your specific
needs and furnish abstracts consid-
ered the most pertinent. Complete
reports are available upon request.

sCurrent-Awareness Searches: |AC
engineers will help design a program
to suit your needs. You will receive
selected monthly or quarterly ab-
stracts on new developments in your
area of interest.

* Technical Assistance: |IAC engineers
will help you evaluate the results of
your literature searches. They can
help find answers to your technical
problems and put you in touch with
scientists and engineers at appropri-
ate NASA Field Centers.

Prospective clients

can obtain more information about
these services by contacting the
nearest IAC [see page A4]. User fees
are charged for IAC information ser-
vices.
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STATE TECHNOLOGY APPLICATIONS CENTERS

Technical information services for industry
and state and local government agencies

Government and private industry

in Florida and Kentucky can utilize the
services of NASA's State Technology
Applications Centers (STAC's). The
STAC's differ from the Industrial
Applications Centers described on
page A7, primarily in that they are
integrated into existing state technical
assistance programs and serve only

the host state, whereas the IAC’s
serve multistate regions.

Many data bases,

including the NASA base and several
commercial bases, are available for
automatic data retrieval through the
STAC's. Other services such as
document retrieval and special

searches are also provided. (Like the
IAC’s, the STAC's normally charge a
fee for their services.)

To obtain information

about the services offered, write or
call the STAC in your state [see page
Ad4].

cosmic®

An economical source of computer programs
developed by NASA and other government agencies

A vast software library

is maintained by COSMIC — the
Computer Software Management and
Information Center. COSMIC gives
you access to approximately 1,600
computer programs developed for
NASA and the Department of Defense
and selected programs for other
government agencies. Programs and
documentation are available at rea-
sonable cost.

Available programs

range from management (PERT
scheduling) to information science
(retrieval systems) and computer
operations (hardware and software).
Hundreds of engineering programs
perform such tasks as structural
analysis, electronic circuit design,
chemical analysis, and the design of
fluid systems. Others determine build-
ing energy requirements and optimize
mineral exploration.

COSMIC services

go beyond the collection and storage
of software packages. Programs are
checked for completeness; special
announcements and an indexed soft-
ware catalog are prepared; and
programs are reproduced for distri-
bution. Customers are helped to

AB

identify their software needs; and
COSMIC follows up to determine the
successes and problems and to
provide updates and error corrections.
In some cases, NASA engineers can
offer guidance to users in installing or
running a program.

Information about programs
described in NASA Tech Briefs articles
can be obtained by completing the
COSMIC Request Card at the back of
this issue. Just circle the letters that
correspond to the programs in which
you are interested.

NASA Tech Briefs, Spring/Summer 1982
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NEW PRODUCT IDEAS are just a few of the many innovations described in this
issue of NASA Tech Briefs,and having promising commercial applications. Each is
discussed further on the referenced page in the appropriate section in this issue. If
you are interested in developing a product from these or other NASA innovations,
you can receive further technical information by requesting the TSP referenced at
the end of the full-length article or by writing the Technology Utilization Office of
the sponsoring NASA center (see page A4). NASA's patent-licensing program to

encourage commercial development is described on page A6.

Cryogenic Heat Pipe

A new heat pipe with axial grooves
performs better with cryogenic working
fluids than do heat pipes with more-
conventional rectangular grooves. The
novelly-configured aluminum heat pipe
reduces cryogenic charge and in-
creases wicking height for better
efficiency. The pipe is extruded, which
makes its fabrication in large numbers
possible. In performance tests, the heat
pipe demonstrated good startup from a
completely frozen condition.

(See page 422.)

Long-Life/Low-Power lon
Gun Cathode

Substantially longer life and less
heater power are qualities of an im-
proved cathode for ion-implantation
guns. The cathode lifetime is approxi-
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mately 1,000 hours, and it requires 30
watts of heater power; previous cath-
odes were useful for only about 20 hours
and required 300 watts of heater power.
The new cathode is generally made of
tungsten that is coated to produce a
copious electron emission at low tem-
perature and hence low power. It emits
electrons that bombard the gas in an ion
source; the ions are then accelerated
out of the source.

(See page 372.)

Programable Pulse
Generator
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A new pulse generator can be
programed to produce pulses from sev-
eral ports at different pulse lengths and
intervals and in virtually any combination
and sequence. The generator operates
at intervals between pulses as short as
0.5 us. High-speed logic circuits and
special instructions that can be read in
groups of two or more between output
pulses give the unit its speed and
resolution. Once loaded with instruc-
tions, either manually or by computer,
the pulse generator operates independ-
ently of the computer.

(See page 379.)

Two-Speed Valve

A two-speed valve permits fine
control of flow as it is first opened yet
opens rapidly as it approaches full flow.
The valve should be useful for flow con-
trol of gases and liquids in such equip-
ment as home appliances and labora-
tory instruments. To open the valve, the
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user rotates the valve handle counter-
clockwise; the first several turns of the
valve open it only slightly, and the last
turn opens it fully. The valve is similarly
two speeded when it is closed: It is fast
acting for the first turn and slow acting
for the last several turns.

(See page 448.)

\\
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Joint for Folding
Structural Elements

Structural elements are locked in
place quickly and easily by a new center
joint. The joint alines the column
elements automatically and fastens
them together securely. Consisting of a
pair of spring-loaded hinged hubs, the
joint allows the hollow column elements
to be folded in pairs and to be stacked
within each other. When the column ele-
ments are to be joined, they are
unfolded, causing the mating faces of
the joint to contact and latch. If liquid or
gas seals are added to the center joints,
they could be used in a deployable
pipeline.

(See page 440.)

Glass for Solid-State
Devices

Two glass formulations are suitable
as isolation layers in solid-state devices
that incorporate magnetic films. The

NASA Tech Briefs, Spring/Summer 1982
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glasses have the low intrinsic compres-
sive stress required for such layers so
that stress in the conductor layer, or
other layers, is isolated from the mag-
netic layer. One of the formulations may
be used on a substrate as a barrier layer,
and the other formulation may be
deposited to separate the conductor
from the other layers. Typical thickness
of the glass used as a barrier layer over
a substrate is from 1,000 to 4,000 A.
(See page 407.)

Fluid-Injection Tool for
Inaccessible Areas

Liquids or gases are injected into
narrow crevices by a new tool that can
be used to apply caulking and water-
proofing compounds, adhesives, and oil
and to aerate hard-to-reach places. The
tool consists of a thin, flat, triangular
nozzle, containing many channels, at-
tached to a distribution manifold. The
nozzle can reach into an opening
1/32 inch wide to a depth of more than
4 inches. Gas or liquid flowing through
the manifold and channels exits through
holes on the flat face of the nozzle.
(See page 438.)
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Compression Ratio
Adjuster

Higher fuel efficiency in internal-com-
bustion engines is possible with a new
mechanism that alters the compression
ratio of the engine according to the load.

Moving-Surface Follower
Aids Microsurgery

POCKET CONNECTING ROD

PAWL

ECCENTRIC SLEEVE

CRANKPIN

The mechanism ensures that the engine
operates as efficiently under partial load
and at low-speed full load conditions as it
does at high load and high speed. The
mechanism alters the compression ratio
by altering the length of the connecting
rod to increase or decrease the cylinder
volume at the moment fuel combustion
starts. It does this automatically under
the control of a pressure sensor in the
engine intake manifold.

(See page 435.)

Cable-Twisting Machine

Uniformly twisted cable composed of
up to 26 wires is made by a new
machine that is ideal for short produc-
tion runs. Using it, one operator pro-
duces finished cable in about one-fourth
the time it previously took three people
working by hand. This fast operation is
made possible by using smaller spools
of wire. The speed of rotation of the
machine is varied to generate different
twists, and a meter registers the cable
length as it passes through tension
rollers.

(See page 448.)
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The movements of arteries and mus-
cles are followed by a novel manipulator
that enables precise placement of
microsurgical tools. A ‘“‘microprobe’
mounted on the output of the pneumatic
servo of a commercial noncontacting
thickness gage senses arterial, mus-
cular, or other bodily motion. The probe
moves to maintain a constant position
relative to the moving tissue.

(See page 416.)

Improved Thermoplastics

High-temperature solvent-resistant
adhesives, laminating resins, protective
coatings, membranes, and films are
some of the potential uses of polyphenyi-
quinoxaline (PPQ) thermoplastics that
have been improved by adding cross-
linking groups. Preparing the PPQ's with
relatively low levels of cross-linking
pendent ethynyl groups and pendent
phenylethynyl groups creates thermo-
plastics with higher use temperature
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and solvent resistance — without com-
promising their toughness and thermo-
formability. In general, the phenylethynyl
groups have shown better properties
when cross-linked with the PPQ’s than
have the ethynyl groups.

(See page 396.)

High-Temperature
Captive-Nut Assembly

Functional at service temperatures of
up to 1,600° F, an improved captive nut
is both easy to install and remove with
simple handtools. Designed for working
environments where high-temperature
corrosion is a problem, the nut assembly
should be useful in fastening heat
shields to vacuum ovens, as well as in
assembling home appliances and other
machinery. Made of corrosion- and heat-
resistant nickel alloy, the captive nut
floats in a shell to accommodate mis-
alinement of a mating bolt.

(See page 440.)

Robot End Effector To
Place and Solder Solar
Cells

A robot end effector or ““hand’’ heats
a solar cell to soldering temperature
while the robot transports the cell from a
preparation station to a solar panel
where the cell is simultaneously placed
in position and soldered. The end effec-
tor is used in conjunction with a work
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station that prepares the cells for
soldering. An encapsulated RF induc-
tion-heating coil heats the solar cell
while it is in transit. The cell is held by
vacuum transferred through holes in the
encapsulant.

(See page 458.)

Nonslip Wristlet

A new wristlet protects from flame,
heat, corrosive or caustic substances,
and sharp objects. Worn under a glove,

the wristlet provides an additional layer
of protective material over the palm and
the back of the hand and over the web of
the thumb. The arm opening of the wrist-
let may be permanently attached to a
coat sleeve by stitches, or it may be tem-
porarily attached by snaps or a zipper.
Possible applications of the wristlet are
in forge and foundry work and fire-
fighting.

(see page 466.)

Portable Radiometer
Identifies Minerals in the
Field

A portable radiometer that can be
used either on foot or from an aircraft
aids in identifying minerals in the field. It
is especially suitable for identifying clay
and carbonates. The radiometer meas-
ures the reflectances of a mineral at two
wavelengths, computes the ratio of the
reflectances, and displays the ratio to
the user. The reflectance ratios for
common minerals are provided in a
table that accompanies the instrument.
(See page 419.)

NASA Tech Briefs, Spring/Summer 1982



Electronic

Components
and Circuits




Hardware,
Techniques, and
Processes

370

3N
372
372
373
375
376

Simple Temperature Regulator for a Cold Chamber
Long-Life/Low-Power lon-Gun Cathode

Electrical Connector for Graphite Heating Elements
Low-Speed Control for Automatic Welding

Parallel Connections Would Improve Array Reliability
Inexpensive Logic-Level Converter

NASA Tech Briefs, Spring/Summer 1982



Simple Temperature Regulator for a Cold Chamber

Circuit generates an overtemperature warning
independent of the regulation function.

Lyndon B. Johnson Space Center, Houston, Texas
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The Temperature Regulator Circuit and Warning-Light Circuit are independent of one another, but their reference-level potentiometers are
ganged. The temperature control circuit includes some feedback to prevent the refrigeration unit from cycling on and off too frequently.

An electronic control circuit holds a
cold chamber at a selectable tempera-
ture and lights a warning light if the
temperature exceeds a predetermined
level above the control temperature. The
circuit uses only two standard opera-
tional amplifiers.

The regulator and alarm are shown
schematically in the diagram. If the
temperature in the cold chamber is
greater than TgT, the resistance of the
control thermistor is less than that of the
shunted TSET potentiometer plus 750
ohms. Therefore the voltage applied to
the inverting input of the control op-amp
is low, and the output from the op-amp is
high. The high voltage turns on the tran-
sistor, energizing the relay that turns on
the refrigeration unit.

When the refrigeration unit reduces
the temperature in the chamber, the re-
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sistance of the control thermistor in-
creases, and the voltage applied to the
inverting input of the control op-amp
goes low. This low voltage turns off the
transistor, the relay, and the refrigera-
tion unit.

To avoid cycling the refrigeration unit
on and off too frequently, 3°C of
hysteresis are included in the control cir-
cuit. The positive feedback introduced
through the 499K and 2.49K resistors
makes it necessary to decrease the
thermistor temperature by 3° C below
TseT before the control op-amp shuts
off the transistor.

The warning portion of the controller
works in much the same way: If the
warning thermistor temperature is
above TWARN. then the thermistor re-
sistance is low; the voltage fed to the in-
verting input of the warning op-amp is

low; the op-amp output is high; and the
transistor and the warning light are
turned on. No hysteresis is built into the
warning circuit.

The TSgT and TWARN potentiometers
are ganged so that for every control
temperature selected (TSgT), a corre-
sponding warning temperature is se-
lected, a predetermined amount above
the control temperature. At TSgT = 0° C,
TWARN is +8° C; at TggT = -70°C,
TWARN is —40°C.

This work was done by William G.
Redmond of Vought Corp. for Johnson
Space Center. For further information,
including the selection of a poten-
tiometer taper for linear dial control, Cir-
cle 1 on the TSP Request Card.
MSC-18927
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Long-Life/Low-Power lon-Gun Cathode

Hollow tungsten cathode, tipped with barium oxide,
gives copious electron emission at low temperature.

NASA's Jet Propulsion Laboratory, Pasadena, California

An improved cathode for ion-implan-
tation guns has a substantially longer life
than those used in the past — approxi-
mately 1,000 hours instead of 20 — and
requires less heater power (30 watts in-
stead of 300).

A typical ion gun, used for controlled
doping of semiconductors, has a
cathode as a source of electrons that
bombard a gas to produce ions. Beam-
forming electrodes and an accelerating
grid then direct the ions to the target.
The cathode is a tungsten rod running
through a gas-filled chamber, but the
geometry of that design is inefficient in
terms of ion output per unit of input
heater power.

The figure shows the new cathode. It
has the form of a hollow tube through
which the gas enters a region of high
electron density, produced by an elec-
tric discharge with an auxiliary electrode
referred to as the “‘keeper.” The hollow
cathode tip is generally tungsten that is
coated with a barium- or strontium-
enriched material having a low-work-
function surface, to produce a copious
electron emission at low temperature
and hence low power. Two additional
electrodes collimate and accelerate the
ion beam.

One other advantage of this new
structure is that there is room within the
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The Hollow lon-Gun Cathode emits electrons that bombard the gas in the chamber. The
ions accelerated out of the source are used to dope semiconductor material.

anode chamber for a second cathode
and an ionizable gas inlet. This feature
may make it possible to obtain even
longer lifetime for the ion-implantation
device, because in the case of a failure
of the first assembly, the second
assembly could be put into operation.
Disadvantages of this new design are
that the geometry is more complicated
(both the hollow cathode itself and the

“keeper"” electrode) and that another
power supply is required for operation of
the “‘keeper’’ discharge.

This work was done by Dennis J.
Fitzgerald of Caltech for NASA’s Jet
Propulsion Laboratory. For further in-
formation, Circle 2 on the TSP Re-
quest Card.

NPO-15328

Electrical Connector for Graphite Heating Elements

Heat loss and contact resistance are minimized,
and thermal stresses are accommodated.

NASA's Jet Propulsion Laboratory, Pasadena, California

A new connection method solves
some difficult problems posed by the in-
terface between an electrical heating
element at incandescent temperature
and a metal current carrier at essentially
room temperature. The heat carried
from the heating element and out of the
heated zone through the metal conduc-
tor should be kept to a minimum. At the
same time, the electrical contact resist-
ance between the heating element and
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the metal conductor should be as low as
possible and should remain essentially
constant over the temperature range of
the heated zone — despite different
rates of thermal expansion of the heat-
ing element and the metal conductor.
Moreover, the electrical connection
should allow for the weak, brittle charac-
ter of the heating element — usually
graphite.

The new connection method (see fig-
ure) applies force to two interfaces: that
between the heating element proper and
heating-element support members and
that between the heating-element sup-
port members and the metal conductor.
The latter connection is compliant so
that the forces do not change appreci-
ably when the parts undergo thermal ex-
pansion or contraction at different rates.
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Compliance is provided by a com-
pression spring (for example, a Belleville
spring) that keeps the inner rod in ten-
sion. The electrical terminals are liquid-
cooled to prevent the spring from
overheating.

In assembly, a heating element is set
on support outer members, and a sup-
port inner member is inserted in an outer
member at each support location. A nut
is screwed on each inner member until
the spring starts to become com-
pressed. The nut is then tightened a
given number of turns to provide the
proper contact force.

This work was done by Brian H.
Mackintosh of Mobil Tyco Solar Energy
Corp. for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 3 on the TSP Request Card.
NPO-15056
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The Inner Rod of the new connector system is maintained in tension by means of a spring
(for example, Belleville washers). The connection is sufficiently compliant so that the ten-
sion remains within the desired range, regardless of thermal expansion and contraction

of the various elements.

Low-Speed Control for Automatic Welding
A simple module extends the speed range

to lower-than-normal values.

Lyndon B. Johnson Space Center, Houston, Texas

An amplifier module allows the
rotating positioner of an automatic
welding machine to operate at speeds
below its normal range. The low speeds
are precisely regulated by a servo-
mechanism just as are the normal-range
speeds. The addition of the module to a
standard welding machine makes it un-
necessary to purchase new equipment
for low-speed welding.

Figure 1 shows the rotating positioner
and the welding fixture. The control con-
sole and the electronics drawer contain-
ing the modified circuitry are seen in
Figure 2. Although originally developed
for the Sciaky model 1-25-40 rotational
positioner, the technology should also

(continued on next page)
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Figure 1. The Rotating Positioner is shown at the left. On the right are the drive motor and

tachometer.
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be adaptable to other motorized servo-
mechanisms.

The module places a differential am-
plifier with a gain of 3 in a tachometer
loop (see Figure 3). For low-speed
operation, the amplifier boosts the low
output signal from the tachometer so
that it can operate the servo circuitry.
For normal operation, the amplifier is
removed from the tachometer loop by
relay K1 when the machine operator
turns off single-pole, single-throw switch
SW1.

The system is isolated above ground
by a 440-V/115-V transformer to protect
it from damage by the welding power :
supply. Back-to-back Zener diodesinthe  Figure 2. The Control Console and modified electronics drawer are shown in these views.
speed control prevent the servo from
running away at high-speed settings. Iceland of Rockwell International Corp. documentation is available.

This work was done by William E. for Johnson Space Center. No further =~ MSC-20114
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Figure 3. A Module Amplifies a Low-Level Signal from a tachometer at low speeds so that it can operate the servocontrol. The relay
switches K1 remove the amplifier from the tachometer loop for operation at normal speeds.
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Parallel Connections Would Improve Array Reliability

Extra tabs along equipotentials would salvage
functioning cells in a fractured string.

NASA's Jet Propulsion Laboratory, Pasadena, California

A pattern of interconnecting tabs pro-
posed for arrays of photovoltaic cells
would be superior to simple end connec-
tions of strings. By placing tabs along
equipotentials of adjacent strings,
‘‘good”’ portions of a string would not be
lost even if one or more of the string
elements fracture.

As shown in the figure, the hexago-
nally-packed solar cells are connected
as vertical series strings. In the new
scheme, additional tabs are placed be-
tween adjacent strings. These parallel
connections are attached between equi-
potential surfaces and carry no current
if all cells are matched and are function-
ing normally. If a cell fails though, these
tabs carry current to bypass the inopera-
tive cell.

Before assembly, each cell is pre-
tabbed and pretinned. There are two
types of cells. A type | cell is prepared
with one series-interconnecting tab, plus
a solder pad to receive the series tab
from the next type | cell in the string, and
two pads to receive the parallel-inter-
connection tabs from the adjacent equi-
potential type il cells. A type Il cell is
prepared with the series tab, two parallel
tabs, and a solder pad to receive the
series tab from the next type Il cell in its
string.

Type | cells are deposited face down
in the series direction in alternating col-
umns, so that the series tab connected
to each cell contacts the solder pad of
the next cell in the column. Then the type
Il cells are deposited face down in the
columns between the type | cells,
oriented so that the parallel tabs of the
type Il cells contact the parallel solder
pads of the type | cells. The cells are
held in place by vacuum. The assembly
is then radiantly heated to reflow all
solder joints, forming a completely inter-
connected array.

The two-dimensional connection pat-
tern provides strength and structural
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Hexagonally-Close-Packed Round Solar Cells are interconnected in series strings (ver-
tical axis on this page). Parallel contacts between cells at equipotential in adjacent series
strings insure redundant current paths to relieve the adverse effects of cell failures and

mismatches.

integrity. The completed array can be
moved as a unit and should withstand
the lateral forces that tend to displace
cells during the double-glass lamination
process.

This work was done by Marvin S.
Crouthamel and Peter J. Coyle of RCA
Corp. for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 4 on the TSP Request Card.
NPO-15310
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Inexpensive Logic-Level Converter

Transformer circuit allows two-way communication between a
high-level data bus and low-level TTL integrated circuits.

Lyndon B. Johnson Space Center, Houston, Texas

A relatively-simple transformer circuit
boosts 0-to-5-volt pulses from TTL cir-
cuitry to =+10-volt pulses for trans-
mission over a data bus. It also reduces
the bus voltages to the lower voltages
required by TTL circuitry.

The new circuit consists of the trans-
former (the three windings of which are
wound in the turns ratio 3:1:1), two volt-
age-reference networks, a quad differ-
ential line receiver, and a line driver (see
figure). The common lead of the 1:1
windings is connected to +5 volts. As
the remaining two leads on the 1:1 wind-
ings are alternately pulled to ground by
ones and zeros during transmission, a
bipolar + 10-volt signal appears across
the 3 winding. The voltage range is
smaller than the + 15 volts that would
otherwise be expected because of resis-
tive loading, and transformer and driver
losses.

Resistors R2 and R3 in the receive
branch provide a 4.5-volt reference so
that only bus signals with a swing
greater than 1.5 volts are passed on for
processing and conversion. The large
capacitor on the 1:1 winding acts as a
filter and a charge-storage device for
transmission. Resistors R4 and R1 in the
transmission branch provide a TTL
threshold reference.

This work was done by Steven W.
Wilcox and Salvadore J. Zuccaro of
Rockwell International Corp. for
Johnson Space Center. For further in-
formation, Circle 5 on the TSP Re-
quest Card.

MSC-18965
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A Bidirectional Voltage-Level Converter links a data bus and TTL circuitry via a 3:1:1
transformer. A4, Ag, A3, and A4 are differential amplifiers housed in the same package.
The waveforms show the relationship between the data bus voltage and ones and zeros
in the transmitting and receiving branches.
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Programable Pulse Generator
Pulse lengths and sequence from many

outputs are readily altered.

NASA's Jet Propulsion Laboratory, Pasadena, California
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Fast Instruction Fetching is a feature of the programable pulse generator. It reads and executes instructions, under the control of pulse
synchronizer 1, while pulse synchronizer 2 controls the timing of output pulses.

A new pulse generator can be pro-
gramed to produce pulses from several
ports at different pulse lengths and inter-
vals and in virtually any combination and
sequence. The generator operates at in-
tervals between pulses as short as 0.5
us. Its timing resolution is within 0.1 us.
High-speed logic circuits and specially
designed instructions that can be read in
groups of two or more between output
pulses give the unit its speed and
resolution.

The unit contains a 256-word-by-16-
bit memory that is loaded with instruc-
tions either manually or by a computer.
Once loaded, the unit operates in-
dependently of the computer.
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The generator produces a total of 18
pulsed outputs under program control:
*Five primary outputs (X1, Yq, =X,

-Y14,and Z4);

*Five secondary outputs (X2, Y2, — X2,

- Y2, and Zp); and
Eight trigger outputs (A through H).
The primary and secondary outputs are
pulses with lengths that are controlled
either by the program or by manual ad-
justment of knobs on the unit front panel.
The secondary pulses occur simultane-
ously with selected primary pulses, as
directed by the program. The trigger out-
puts are 1-us pulses used to initiate ex-
ternal events. One primary output, one
secondary output, and any number of

trigger outputs may be turned on or off
simultaneously.

The pulse sequence for a nuclear-
spectroscopy application is as follows:
When started by an external trigger, the
programer first outputs a Y1 pulse and
an A-trigger pulse and turns X2 on. It
turns X1 on 2 us later. While X1 remains
on, X2 is kept on for periods of 3 ms, fol-
lowed by 5-ms periods during which 200
Z1 pulses are sent out to trigger data col-
lection. After 10 such cycles, during
which 2,000 data points are gathered,
X1 is turned off.

Timing for the programer is derived
from a 10-MHz master clock (see figure).
The fetching and execution of instruc-

(continued on next page)
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tions are controlled by a pulse synchro-
nizer. A similar pulse synchronizer
operates a divide-by-n counter, which
controls the timing of the output pulses.

generates a “pulse enable” signal, and
the pulses selected by the programer
are sent out on the next falling edge of
the output from pulse synchronizer 2.

This work was done by Won Kyu Rhim
and Jon A. Dart of Caltech for NASA’s
Jet Propulsion Laboratory. For further
information, Circle 6 on the TSP Re-

While the programer is readingandexe- The end of the pulse enable signal quest Card.
cuting instructions, the divide-by-n  restarts pulse synchronizer 1 after each NPO-15168
counter is being decremented every 0.1 pulse is sent out, and instruction fetch-
us. When the counter reaches zero, it  ing and execution then resume.
Event Recorder Scans 2,048 Channels
Instrument records sequence
and time of events.
Marshall Space Flight Center, Alabama
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Up to 16 Input Signals Feed Each of up to 128 Input Circuit Cards. A single input circuit card contains optical isolators with input-
diode clamping, RC filters, Schmitt-trigger input buffers, and a 16-to-1 multiplexer. The input circuit cards feed logic, memory, and
input/output circuits, all of which are standard, off-the-shelf devices.

The nature and time of occurrence of
each event in a complex sequence of
events (for example, valves opening and
closing or switches turning on and off)
is recorded by a microcomputer-based
instrument. After they have been record-
ed, the events could be analyzed to
determine whether they occurred at the
right time and in the proper sequence.
The instrument could be useful in
monitoring the operation of manufactur-
ing machinery and in furnishing informa-
tion useful in the diagnosis of machinery
malfunctions.

The data-input section of the digital
event recorder consists of 16-channel

printed-circuit cards. The channels are
multiplexed to a single output line. As
many as 128 cards can be bused to-
gether for a total of 2,048 event chan-
nels.

The microcomputer consists of stand-
ard components: an 8080 microproc-
essor, read-only memory for program
storage, random-access memory for
data storage, and input/output ports for
communication with external devices in-
cluding a larger computer for data
reduction.

A small 20-column strip printer prints
channel number, time, and value of
each event after all the data have been

recorded. A light-emitting diode display,
containing a diode for each of the input
channels, is used to troubleshoot the in-
puts. The display scans the inputs at a
rate of 100 channels per second. When
assembled, the instrument measures
less than 18 inches (45.7 cm) in height
and fits into a standard equipment rack.
This work was done by K. J. Slusser
of Rockwell International Corp. for
Marshall Space Flight Center. For fur-
ther information, Circle 7 on the TSP
Request Card.
MFS-19609
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Scanning Seismic Intrusion Detector

An array of sensors is scanned

to locate a signal source.

Ames Research Center, Moffett Field, California

An intrusion detector developed by
NASA may find uses in industrial-
security systems. The new unit adds
multiplexing and scanning electronics to
conventional detector circuitry, so thata
single operator can monitor an area
served by a large number of seismic
sensors. In a typical example, an array
of 20 sensors spaced 23 feet (7 meters)
apart can monitor a rectangular strip 23
feet wide and 460 feet (140 meters) long.

Typical sensors used with the new
system are moving-coil seismic pickups.
To sense vibrations caused by surface
movements, they would be buried near
the surface. To detect tunneling, they
would be buried mounted on rigid metal
rods, which serve as waveguides for tun-
neling noises originating farther below
the surface. Each sensor is connected
to the monitor by a pair of wires running
in a buried cable.

The leads from each sensor are con-
nected to a gate, as shown in the figure.
When the system is operating in the
summing mode, all the gates are turned
on, so that the outputs of all the sensors
are summed in the receiver. The re-
ceiver output is fed to the audio detec-
tor, where it is compared with a thres-
hold or trigger signal level. If the re-
ceived signal exceeds the threshold, the
detector output activates an oscillator to
produce an audible alarm.

In the scanning mode, an up/down
counter run by a clock sequentially
switches on the individual gates so that
individual sensors are scanned rapidly.
If the output of a sensor exceeds the
threshold, the output of the audio detec-
tor triggers the alarm as before, and it
also stops the scanning action at that
sensor. A light-emitting-diode display in-
dicates which sensor is being moni-
tored. The operator can then manually
increment or decrement the up/down
counter to scan the sensors in the vicini-
ty of the one that triggered the alarm, to
locate the signal source more precisely.
The operator restarts the scan by press-
ing the “'start” button.

The monitor circuit includes manual-
and automatic-gain-control options. The
automatic-gain-control circuit reduces
the receiver sensitivity in response to an
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The Scanning Seismic Intrusion Detector employs an array of automatically or
manually scanned sensors to determine the approximate location of an intruder. The
automatic-scanning feature enables one operator to tend a system of many sensors.

increase in average input-signal
amplitude, so as to prevent background
noise from triggering the alarm.

This work was done by Robert D. Lee
of Ames Research Center. For further
information, Circle 8 on the TSP Re-
quest Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center [see page A5].
Refer to ARC-11317.
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Measuring the Electrical Properties of Epoxies

Resistances of precisely molded specimens
are tested with a four-point probe.

Marshall Space Flight Center, Alabama

Two new techniques rapidly deter-
mine the low-frequency resistivity of
conductive epoxies and the high-fre-
quency dielectric properties of in-
sulating epoxies.

Electrical resistivity of conductive
epoxy resins can be determined conven-
iently and accurately with the aid of a
rnold that holds epoxy specimens while
they cure and during property testing.
Conductive epoxies are widely used as
replacements for solder in semiconduc-
tor packages, and a wide variety of
epoxy formulations is available.

The mold consists of a block of plastic
in which a pattern of channels has been
machined (see figure). Rexolite plastic
was chosen as the mold material, in part
because it is a high-quality dielectric. It
can easily be machined to a high degree
of precision and tolerance with standard
shop equipment. Its dimensions are sta-
ble over a wide temperature range:
Therefore curing and temperature-stor-
age tests do not affect the dimensions of
the epoxy sample. The channels can be
machined to any required depth to
simulate realistically the thickness of
epoxy in a given application.

The channels are filled with the epoxy
sample, which is then cured according
to the manufacturer's specifications.
Subsequent testing is done with the
epoxy in the mold.

Conductive Epoxy Is Molded in channels
in a plastic block. A four-point ohmmeter
is used to apply current and sense the
voltage; it reads out the resistance.
Because the mold has precise and stable
dimensions, it produces accurate and
consistent measurements.

The resistivity of an epoxy is deter-
mined by a four-point ohmmeter, com-
mercially available from several instru-
ment manufacturers. As shown in the
figure, the ohmmeter applies a known
current through the long channel and
measures the voltage drop along a por-
tion of the channel. The resistivity is
equal to the product of the measured
resistance and channel cross-sectional
area divided by the channel length be-
tween voltmeter contacts.

For an insulating epoxy, the dielectric
constant and loss tangent (a measure of
high-frequency resistivity) are deter-
mined from measurements of capaci-
tance and Q of a capacitor in which a
disk of the epoxy serves as the dielectric
element. It is not necessary to metalize
the epoxy. One merely places the disk
between the electrodes (not touching
the upper electrode), then performs the
measurements at two different known
upper-electrode positions. The relative
dielectric permeability and loss tangent
are easily calculated in terms of the
measured quantities.

This work was done by Jerry E.
Sergent of the University of South
Florida for Marshall Space Flight
Center. For further information, Cir-
cle 9 on the TSP Request Card.
MFS-25656

Automatic Calibration Systems

Several automated systems are available
for calibration of research instruments.

Langley Research Center, Hampton, Virginia

Over 25,000 research test instru-
ments and instrumentation systems are
in use at the multitude of test facilities at
Langley Research Center. A continuous
requirement exists for calibration and
environmental testing of these instru-
ments, in conjunction with their mainte-
nance, development, and improvement.
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Key calculator-based automatic-calibra-
tion and data-acquisition systems and
programs for their implementation are
summarized below:

*Six-Component Balance: Force
balances having up to six components
are calibrated using an automatic data-
acquisition system with an uncertainty

of £0.005 mV or approximately +0.1
percent full-scale output. There are
seven identical systems with inter-
changeable, commercially available
components. The controller is a
Tektronix 4051 calculator that ac-
quires, displays, prints, and stores the
data on internal magnetic tape. The
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tape is transmitted to a centralized
computer complex for data reduction.
eMultimeter: This system, using an
HP 9830B calculator and a Fluke
5100A calibrator, automatically cali-
brates a variety of multimeters from
various vendors, including Simpson,
Data Technology, Triplett, Fluke, HP,
Data Precision, United Systems,
Newport, and Keithley. All multimeter
functions and ranges are tested for ac-
curacy and linearity, with the 5100A au-
tomatically flagging out-of-tolerance
conditions.

e Amplifier: This system, using an
HP 9830B calculator, a Fluke 5100A
calibrator, and control panels, de-
veloped ‘“in-house,” is used to test
Neff, Datametrics, and Kistler instru-
ments. System tests include gain,
linearity, and frequency response. As
in the other calibration systems, a final
data sheet is produced by the data
system showing all tabulated results.

*Pyrometer: This system is comprised
of an HP 9830B calculator, a Fluke
5100A calibrator, and a Joseph Kaye
140-4 ICE point reference. It tests
Fluke, Ircon, and Thermo-Electric
pyrometers and has a temperature
calibration range of -212° to

+1,760° C. Among the items tested
are upper and lower range accuracies
and linearity.

eDecade Box: This system uses an
HP 3455A Digital Voltmeter, an HP 9830B
calculator, and an HP 9866B thermal
printer to test Shallcross, General Radio,
Vishay, Rubicon, and ESI decade resis-
tors. After all decades are tested, a final
data sheet showing all data points, cor-
rections, tolerances, and out-of-specifi-
cation readings is supplied by the
calculator system.

*\/oltage-Controlled Oscillator: Among
VCO's tested are those available from
Conic and Space Age. The system is
comprised of all commercially avail-
able equipment, including an HP 9830
calculator. It features calibration
ranges of O to 5 volts, +2.5 volts, and
+0.01 volt. Calibration uncertainty is
<0.1 percent of linearity. Over 400 in-
cremental voltage steps are applied to
the VCO to characterize the voltage-to-
frequency transfer function.

ePressure Transducer: This system
uses commercially available com-
ponents to test pressure transducers
with an analog voltage output. Cali-
bration ranges are 0 to 50 psia, 0 to 10
psid (68 x 103 N/m2) and 0 to 100 psid

(680 % 103 N/m2) and can be per-
formed over a temperature range of
—54° to +180° C. A maximum of 20
transducers can be calibrated at one
time with a maximum of 21 data points
each. Fewer transducers can be cali-
brated at correspondingly more data
points. The system is interfaced to a
programable pressure standard
(Ruska DDR-6000) and provides com-
pletely-automatic control, acquisition,
processing, and data-sheet prepara-
tion.

*Accelerometer: This system uses com-
mercially available components to test
accelerometers from a variety of
manufacturers. It is used to determine
the linearity, hysteresis, sensitivity,
bias, misalinement, stability, and
temperature coefficients of ac-
celerometers. Calibration uncertainty
is <100 micro-g’s.

This work was done by A. T. Ferris, S.

F. Edwards, W. F. Stewart, D. R. Mason,

Jr, and T. D. Finley of Langley

Research Center and H. E. Williams of

Wyle Laboratories. For further informa-

tion, Circle 10 on the TSP Request

Card.

LAR-12566

Radiometer Noise-Injection Control

A digital counter is used in a closed-loop
noise-injection feedback microwave radiometer.

Langley Research Center, Hampton, Virginia

A new technique for controlling noise
injection in a Dicke feedback noise-
injection microwave radiometer utilizes
a digital counter in which the noise injec-
tion is kept on during a countdown inter-
val. The digital portion of the loop
replaces analog filters used in previous
systems.

Although the closed-loop noise-
injection feedback concept is the most
recent advance in microwave radiom-
eters, the noise-injection scheme that
has been used suffers from certain limi-
tations. This process uses short pulses
that turn off and on a PIN diode, which
acts as a gate for a controlled precise
noise source. The injection noise is bal-
anced against the input electromagnetic
signal, allowing a measurement of the

(continued on next page)
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noise required to achieve the balance.
The noise injection is controlled by vary-
ing the number of pulses per unit time,
with the injected temperature a direct
function of the number of pulses. Thus, a
count of the number of pulses in a given
time provides a means for determining
the injected noise.

Limitations of the technique are
related to the necessity to provide ade-
quate bandwidth to process short pulses
and the transient response resulting
from the continual switching require-
ments. Since bandwidth is inversely pro-
portional to pulse width, and since the
resolution of the measurement is in-
versely proportional to the number of in-
jected pulses, a large bandwidth is re-
quired for adequate pulse reproducibil-
ity. An inadequate bandwidth will result
in serious pulse distortion and degraded
resolution.

The new technique uses digitally-con-
trolled continuous feedback (see figure)
over a significant portion of a duty cycle
rather than the short off/on pulses. The
typical feedback interval would be of the
order of 1 to 3 milliseconds, compared
to time intervals of the order of 70 micro-
seconds for previous schemes. The
countdown time is directly proportional
to the value of a digital word appearing
at the output of a digital processing filter.

The digital-counter injection process
has several distinct advantages over the
analog system previously used. The
noise is injected over a much longer
interval of time, eliminating the need for
the wide bandwidth associated with the
short pulses. Measurement is made by
digitally measuring the width of the
much longer pulse rather than the
number of short pulses, thus improving
accuracy. Resolution can be arbitrarily

established based on the number of bits
in the digital words, and the digital cir-
cuitry in the estimation and counter con-
trol circuit is less sensitive to drift and
temperature than previous systems.
This work was done by William D.
Stanley and Roland W. Lawrence of Old
Dominion University for Langley
Research Center. Further information
may be found in NASA TM-81932
[N81-18296/NSP], “‘An Investigation of
Radiometer Design Using Digital Proc-
essing Techniques' [$12]. A copy may
be purchased [prepayment required]
from the National Technical Information
Service, Springfield, Virginia 22161. To
obtain test results, Circle 11 on the
TSP Request Card.
LAR-12905
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Stable Stratification for Solar Ponds

A disodium phosphate brine forms density layers
spontaneously and reforms them after a disturbance.

NASA's Jet Propulsion Laboratory, Pasadena, California

Laboratory experiments have shown
that a stable density gradient forms in a
pond saturated with disodium phos-
phate (DSP). DSP increases in solubility
with temperature, as does the density of
the DSP solution. A volume of DSP-
saturated water therefore tends to de-
velop temperature and density layers.
Since tests indicate that the thermal and
density gradients remain in equilibrium
at heat removal rates of 60 percent or
more of the heat input rate, a pond con-
taining DSP would be suitable for col-
lecting solar energy and transferring it to
a heat exchanger for practical use.
Moreover, it appears that such a pond
would restore its equilibrium gradient
relatively quickly after its layers are
mixed by wind action.

Experiments were conducted in a
simulated pond in which hot water flow-
ing through a coil provided the heat that
would normally be furnished by the Sun.
Water flowing through a second coil ex-
tracted heat from the pond (see figure).
Temperature gradients were measured
by copper-constantan thermocouples,
and density gradients were measured by
a Troemner balance. Measurements
were made while the heat input was held
constant and the heat output was varied
(by varying the flow rate of cooling
water). At low heat-extraction rates —
about 60 percent — the temperature
gradient in the pond remained un-
changed, except near the bottom,
where the heat was extracted.

DSP precipitation from the solution is
expected to be a problem only when the
temperature difference inside and out-
side the cooling coil is too large (more
than 15° C). In the continuous heat-
extraction test, the average water tem-
perature in the cooling coil was 37° C,
and the temperature of the pond brine
was 49° C around the cooling coil.
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A Simulated Solar Pond contains provisions for heating the pond solution of disodium
phosphate in water and removing heat from it, as well as for measuring the temperature

and density of the solution at various depths.

As part of the experiments, the
steady-state temperature and density
profiles were disturbed by thorough mix-
ing of the pond liquid. Within a few days,
the profiles had begun to approximate
their original states; and within 2 weeks,
the original stratification was completely
regenerated. This indicates that mixing

caused by the wind or by the withdrawal
of pond water has no lasting effect.

This work was done by Gurmukh D.
Mehta of InterTechnology/Solar Corp.
for NASA’s Jet Propulsion Labora-
tory. For further information, Cir-
cle 12 on the TSP Request Card.
NPQO-15439
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Improved Estimates of Thermodynamic Parameters

Techniques are refined for estimating heat of vaporization
and other parameters from molecular structure.

NASA's Jet Propulsion Laboratory, Pasadena, California

Improvements in the ‘‘group-addi-
tivity’' technique for estimating thermo-
dynamic parameters should make it
easier for engineers to choose among
candidate heat-exchange fluids for ther-
mochemical cycles. The new tech-
niques have been applied with success
to several perfluorochemicals and
hydrocarbon fluids.

In the group-additivity method, the
molar energy of vaporization and the
molar volume at 25° C are estimated by
adding contributions made by each
atom or group in the molecule structure.

Using a parabolic equation with three
adjustable parameters, the heat of va-
porization can be used to estimate the
boiling point, and vice versa. New pa-
rameters for this equation were ob-
tained from a least-squares best-fit
curve for 19 perfluorochemicals for
which the boiling points and heats of
vaporization are known. Similarly, a sim-
ple equation using two parameters, a
and f3, can be used to estimate the vapor
pressure as a function of temperature.
The table compares measured boiling
points and vapor pressures of some non-
polar liquids with those estimated by the
improved method.

The miscibility or immiscibility of two
liquids depends upon the negativity or
positivity, respectively, of the free
energy of mixing. This depends, in turn,
on the square of the difference between
the solubility parameters of the two lig-

| Calculated | Measured
| Boiling Boiling ¢ |
‘ Point Calculated Measured
(°C, at é Pressu Vapor Pressure
Compound Torr) 760 Torr) | (Torr, 25%C) | (Torr at/T® C)
n—-CgF14 57 202 220125
(r;@ 142 A 6.6/25
CF3CHF[OCF2CF(CF3)l3F 11,110 152 152 74 10.0/37.5
CF3CHF[OCF2CF(CF2)lsF 15766 | 244 224 0.4 0.4/37.5
(CF3CF2CF2CF2)3N 12,524 183 174 26 2.5/37.5
& 870051 179 155.8 1.8 1, 27125
n—CgHz0 11,051 | 160 148.8 3.0 4.3/25
n-CgH1g 9860 130 1230 14.0 7.7/25
b 4 ;
@CHchchzCHz 12.9&7 N oams 181.4 |RESEEEEG 1.1/25
@ Br 10839 | 154 152.3 35 42125

Boiling Points and Vapor Pressures for some nonpolar liquids were estimated by the
improved method and compared with previously reported values.

uids. These parameters are obtained
from the energy of vaporization and mo-
lecular volume, which are estimated on
the basis of the molecular structure.
The equations of this method are all
simple enough to be set up on a pro-
gramable hand calculator. They are first-
order approximations to be used as a

guide in the rapid screening of candi-
date fluids for thermochemical systems.
This work was done by Daniel D.
Lawson of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further infor-
mation, Circle 13 on the TSP Request
Card.
NPO-14880

Equation for Combustion Noise
Mathematical expression relates noise to characteristics

of the combustion process.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A mathematical relationship has been
derived for the interactions between a
turbulent flame and combustion noise.
The relationship is a rigorous theoretical
correlation of combustion noise and the
combustion process. As such, it estab-
lishes a foundation for acoustic meas-
urements as a tool for investigating the
structure of turbulent flames. The rela-
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tionship was established by integrating
previously-developed turbulent-flame
models with the theories of combustion
noise. Unsteady heat release is taken
into account.

The mathematical relationship is ex-
pected to aid researchers in the field of
noise generated by combustion. Such
noise is a strong contributor to the total

noise radiated by turbine engines and
heavy industrial burners. It is not only
an annoyance to humans but also may
cause the failure of liners and other
components.

The derivation of the relationship
starts with the wave equation describing
pressure fluctuations in terms of the
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speed of sound, specific heats of the
gases, the heat of combustion, and
reaction rate. The instantaneous re-
action rate is idealized as a pulse train
(see figure), the strength of which corre-
sponds to the average amount of com-
bustion product created per flame pas-
sage and the frequency of which varies
across the reaction, eventually going to
zero.

Whenever a flamelet passes through
the turbulent reaction zone, it generates
a pair of impulses separated by a time in-
terval and thus causes pressure fluctua-
tions. The frequency of the pulse train is
related to the spacing of eddies. The
final equation in the derivation describes

REACTION PULSE WIDTH

TVr 1]

INIRISIE

o

REACTION PULSE INTERVAL

TIME =i

Reaction Rate Varies With Time as a pulsating waveform according to the simplified
model used in the calculations. The reaction pulses generate the acoustic waves

perceived as combustion noise.

the resultant sound pressure in terms of
position, frequency, time, and a variety
of physical parameters.

This work was done by Tsong-mou Liu

of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 14 on the TSP Request Card.
NPO-15156

Finding the Focal Axes of Offset Antennas

A null technique reveals the direction

of the true focal axis.

Goddard Space Flight Center, Greenbelt, Maryland

The focal axis of offset paraboloidal
reflector antennas can now be deter-
mined by direct measurement instead of
by trial and error. Knowledge of the focal
axis is necessary for controlling squint,
which occurs when the feed is located
off the focal axis, or for controlling
beamwidth by means of feed displace-
ment along the focal axis away from the
focal point.

With traditional symmetrical reflec-
tors, determining the focal axis is not a
problem; the axis can be established by
passing a line through the vertex of the
antenna perpendicular to the aperture
plane defined by the physical rim. This is
not the case, however, for such asym-
metrical antennas as the offset versions
now used in spacecraft and ground sta-
tions. In such antennas, the physical rim
is not usually congruent with the aper-
ture plane. The new method is a conven-
ient and precise way of obtaining the re-
quired information.

Two transmitting feed horns, each
having typically a half-wavelength aper-
ture diameter, are placed side by side
adjaent to the focal point of the reflector
to be measured. The feed horns direct
radio-frequency energy having a
predetermined sum or difference radia-
tion pattern (established by an amplitude
and phase comparator) toward the
reflector. The incident energy is
reflected — again in a sum or difference
pattern — to a far-field detector.
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Two Feed Horns Transmit a sum or difference pattern to the antenna under test, which
reflects the energy to a far-field detector. When the axis of the feed horns coincides with
the focal axis of the antenna reflector, the far-field detector records a minimum in
amplitude difference and a maximum in the absolute-magnitude phase difference

between the sum and difference signals.

The feed horns are rotated in incre-
ments in a plane passing through the
focal point while exciting the reflector
(see figure). The reflector is also rotated
on a turntable. The far-field detector re-
cords the far-field amplitude or phase
pattern. The extreme minimum value of
the amplitude difference signal occurs
at that angular position of the feed horns
when they are alined with the focal axis

of the reflector. When phase difference
is measured instead of amplitude, a
maximum of the absolute value of phase
difference between the sum and dif-
ference signals indicates that the feed
horns are alined with the focal axis. Four
feed horns can be used instead of two.
In that case, the focal axis can be re-
solved in not just one but two planes.
(continued on next page)
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The method can be adapted to com-
puter simulation. The method, whether
carried out by a computer or by actual
measurement, is not limited to offset
reflectors; it can be applied to dual
parabolic cylinder antennas, for exam-
ple.

This work was done by Richard F.
Schmidt of Goddard Space Flight
Center. For further information, Cir-
cle 15 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, Goddard Space Flight
Center [see page A5). Refer to
GSC-12630.

Books and Reports

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

Solar-Heated Health
Education Center —
North Carolina

Retrofit system supplies
heat and hot water for a
six-story building.

The Area Health Education Center at
Charlotte Memorial Hospital in North
Carolina has been retrofitted with a solar
heating- and hot-water system. The six-
story building contains a two-story multi-
media center, 14 classrooms, 55 of-
fices, a television studio, a photographic
laboratory, and an outpatient-clinic re-
ception area. The solar-heating system
is designed to supply about 45 percent
of the heat needs of the building
with minimal effects on the existing
structure, mechanical systems, and
appearance.

The solar-heating system, which is
described in a 55-page report, uses 171
collectors, roof-mounted in two arrays.
The net collector area is 4,020 ft2
(374 m2). A water and ethylene glycol
antifreeze solution is circulated through
the collectors to a heat exchanger
located in a lower-level equipment area.
The heated water is supplied to a
heating coil in the perimeter-zone air
handler or to a 6,000-gal (23,000-])
storage tank, also in a lower level equip-
ment area. Domestic hot water is pro-
vided through a secondary heat ex-
changer, augmented by 12-kW electri-
cal-resistance heaters in each of three
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manifolded 125-gal (473-) hot-water
tanks.

An electric heating coil is installed in
the perimeter-zone air handler. The sys-
tem controller first uses the heat avail-
able in the solar-energy heating coil,
then makes up any deficit with the elec-
tric heating coil.

The report describes problems that
arose during the first three years of
operation of the system. For example,
after one year of operation, most of the
solar-collector panels were warped. Ap-
parently, when the panels expand during
the summer, they press against the ends
and sides of their casings and become
distorted. Several such panels devel-
oped leaks. They have been replaced
and appear to be working. Another pro-
blem was that during summer operation,
when the storage tank reached the max-
imum design temperature of 200° F
(93° C), antifreeze heat-transfer fluid
was lost through the pressure relief
valve. The solution was to increase the
expansion-tank size to 160 gal (606 ).

In addition, the report presents
detailed information on the design and
installation of the system. It describes
the building, the design philosophy, and
control logic operation. It also provides
mechanical and electrical drawings.

This work was done by Ferebee,
Walters and Associates for Marshall
Space Flight Center. Further infor-
mation may be found in DOE/NASA
CR-161731 [N81-23606/NSP), ‘‘Solar
Heating and Hot Water System Installed
at Charlotte Memorial Hospital,
Charlotte, North Carolina” [$9). A copy
may be purchased [prepayment re-
quired] from the National Technical In-
formation Service, Springfield, Virginia
22161. The report is also available on
microfiche at no charge. To obtain a
microfiche copy, Circle 16 on the TSP
Request Card.

MFS-25686

Solar Space and Water
Heating for School —
Dallas, Texas

Report gives overview of
retrofitted circulating hot-
water installation for
61-year-old high school.

The North Dallas High School, built in
1921, was retrofitted with a solar
space-heating and hot-water system. A
description, specifications, modifica-
tions, plan drawings — for the roof,
three floors, and the basement, as well
as correspondence and documents are
part of a 90-page report that also gives
an overview of the solar-energy project.
The solar installation for the three-story
brick/masonry/concrete frame school
will preheat all the hot water and should
supply approximately 47 percent of the
annual heating. Because insufficient
data were available, the actual percen-
tage contribution of the system could
not be determined. However, during
the warmer months, the system will
supply all of the hot water.

The solar-energy system, which cir-
culates hot water, includes 4,800 ft2
(44.6 m2) of roof-mounted flat-plate lig-
uid collectors and a 10,000-gallon
(37,840-l) steel storage tank in the
basement. It is designed to produce
690 x 108 Btulyear (2.3 x 107 watts).
The system is interconnected with
chilled-water central air-conditioning to
convert to a two-pipe heating and cool-
ing system. The existing steam boilers
supply steam to hot-water generators
for standby and to boost the hot-water
temperature.

The existing air-handling units and
water coils require only 95° F water for
building heating. When the storage-
tank temperature exceeds 95° F, the
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steam valve is closed, and the steam
boiler cycles off. Reverse-acting
heating/cooling thermostats control in-
terior conditions, and the air-unit con-
trol sequences were modified to meet
heating needs. A switch controls the
summer and winter modes of opera-
tion.

To prevent heat loss from the
storage tank to the collectors, a com-
parator energizes the solar pump, and
the collector drain valve closes
whenever the temperature of the solar
collectors is greater than the tempera-
ture in the storage tank. A timer keeps
the solar pump energized for 3-minute
intervals until the collector temperature
falls below the storage-tank tempera-
ture, regardless of the temperature at
the collectors. At the end of a 3-minute
interval, if the collector temperature is
less than the storage-tank temperature,
a comparator deenergizes the solar
pump. However, the timer allows an
additional 3 minutes of ‘“‘on" time
before the solar pump is deactivated.

Safety features protect the system
when temperatures are below 47° F or
above 212° F. When the solar pump is
deenergized and outdoor temperature
is below 47°F, motorized vacuum
breakers open and allow the collectors
and their exposed piping to drain into
the solar water-storage tank. The solar
water-storage tank is at atmospheric
pressure and will not support tempera-
tures in excess of 212°F; the solar
pump remains energized, and tem-
peratures above 212° F are vented as
steam at the water-storage tank.

This work was done by the Dallas In-
dependent School District, Office of the
General Superintendent, for Marshall
Space Flight Center. Further informa-
tion may be found in DOE/NASA
CR-161482 [N80-29847/NSP], ‘‘Solar
Heating and Domestic Hot Water
System Installed at North Dallas High
School — Final Report' [$12]. A paper
copy may be purchased [prepayment
required] from the National Technical
Information Service, Springfield, Virginia
22161. The report is also available on
microfiche at no charge. To obtain a
microfiche copy, Circle 17 on the TSP
Request Card.

MFS-25514
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Solar-Heated Office
Building — Dallas, Texas

Attractive building
design incorporates
solar-energy features.

A solar-heating system is designed to
supply 87 percent of the space heating
and 100 percent of the potable hot-water
needs of a 10,200-ft2 (950-m2) office
building in Dallas, Texas. A contractor
report includes basic system drawings,
test data, operating procedures, and
maintenance instructions.

An array of 76 flat-plate solar col-
lectors having a total area of 1,596 ft2
(148 m2) is mounted on a surface tilted
42° from the horizontal. A unique fea-
ture of the array is that it serves as the
roofing over the office lobby and gives
the building an attractive triangular
appearance.

In the solar loop, an ethylene gly-
col/water mixture circulates through the
collectors into a heat exchanger. The
hot-water-storage subsystem includes
two 2,300-gallon (8,700-liter) concrete
storage tanks with built-in heat exchang-
ers, and a backup electric boiler.

The building cold-water system sup-
plies makeup water to the solar loop, the
heating loop, and the concrete storage
tanks. The potable hot-water system in-
cludes a water heater, a hot-water/cold-
water mixing valve, a pressure-reducing
valve, and expansion tanks.

This work was done by Travis-Braun &
Associates, Inc., for Marshall Space
Flight Center. Further information may
be found in DOE/NASA CR-161483
[N80-29846/NSP), ‘‘Solar Heating and
Hot Water System Installed at Office
Building, One Solar Place, Dallas,
Texas — Final Report” [$12]. A paper
copy may be purchased [prepayment re-
quired) from the National Technical In-
formation Service, Springfield, Virginia
22161. The report is also available on
microfiche at no charge. To obtain a

microfiche copy, Circle 18 on the TSP

Request Card.
MFS-25515

Solar Hot-Air
System — Memphis,
Tennessee

System furnishes space
heating for an
office complex.

Solar collectors that use air as the col-
lection medium provide space heating
for a four-building office complex in
Memphis. An array of flat-plate air col-
lectors of 780 ft2 (72 m2) area on each
building furnishes about two-thirds of the
space-heating needs of the complex.

A special air-handling unit moves air
through the collectors, into and out of a
vessel containing heat-storage rocks
[390 ft3(11 m3) per building], and into
the heating-air ducts of the building. The
air-handler motor has class B heat-
resistant insulation so that it does not
deteriorate as hot air flows over it.

A 98-page report furnishes details on
the installation, including: A description
of the system; System startup and ac-
ceptance-test results; Technical data on
the collector; Installation manuals for
collectors, air handler, and heat-storage
unit, A system owner's manual for
operation and maintenance; and as-built
drawings.

If solar heat is insufficient to maintain
space temperature, an electric heater in
the air duct is automatically turned on.
The electric heater operates in conjunc-
tion with the collectors and rock storage
so that all available solar heat is utilized.

This work was done by Belz Invest-
ment Co. for Marshall Space Flight
Center. Further information may be
found in DOE/NASA CR-161803 [N81-
28521/NSP] ““Solar Heating System In-
stalled at Belz Investment Company,
Memphis, Tennessee — Final Report”
[$9.50]. A paper copy may be purchased
[prepayment required] from the National
Technical Information Service, Spring-
field, Virginia 22161. The report is also
available on microfiche at no charge. To
obtain a microfiche copy, Circle 19 on
the TSP Request Card.

MFS-25727
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Modified Evacuated-Tube
Collector Tested in
Solar Simulator

Larger manifold
improves efficiency.

According to a new report, a par-
ticular commercial evacuated-tube
solar collector performs slightly more ef-
ficiently with a larger manifold. Tests
were performed with the Marshall
Space Flight Center solar simulator.

The solar collector uses water as the
heat-transfer medium. It has a gross
area of 17.17 ft2 (1.6 m2) and a net col-
lection aperture of 14 ft2 (1.3 m2). Its
thermal performance was measured
while it was mounted on a table inclined
10° from the horizontal and irradiated
with simulated Sunlight from tungsten-
halogen lamps. Effluent water from the
collector was stored in an insulated
reservoir after being cooled in a heat ex-
changer. Measured quantities included
ambient air temperature, fluid inlet and
outlet temperatures, fluid-flow rate, and
total solar flux.

The report describes test conditions
and procedures. It provides an analysis
of the results and presents tables and
graphs of data, both measured and
calculated.

This work was done by Wyle
Laboratories for Marshall Space Flight
Center. Further information may be
found in DOE/NASA CR-161845
[N81-32606/NSP], “Indoor Test for the
Thermal Performance Evaluation of the
DEC 8A Large Manifold Sunmaster
Evacuated Tube (Liquid) Solar
Collector"' [$7.50). A paper copy may be
purchased [prepayment required] from
the National Technical Information Ser-
vice, Springfield, Virginia 22161. The
report is also available on microfiche at
no charge. To obtain a microfiche copy,
Circle 20 on the TSP Request Card.
MFS-25764

Onsite Measurement of
All-Day Efficiency

Field Tests confirm the
validity of a data base.

The all-day efficiency of selected flat-
plate and evacuated-tube solar collec-
tors has been computed from measure-
ments taken at 36 sites in the United
States. The measurements were per-
formed month by month under actual so-
lar and meteorological conditions. The
results are documented in a 158-page
report.

The purposes of the measurements
were to evaluate ‘“‘all-day-efficiency”
calculation methods and to justify the
use of available data bases in predicting
solar-collector performance. All-day col-
lector efficiency is computed from a
variety of data, including hourly insola-
tion in the plane of the collector, hourly
ambient temperatures, collector fluid-
inlet temperatures, collector site and
orientation (latitude, tilt, and deviation
from true south), and effective area of
the collector.

It was found that predictions of
system performance based on actual
hourly data recorded by the National
Oceanic and Atmospheric Agency
(NOAA) are more useful for system eval-
uations than those based on data devel-
oped by the American Society of Heat-
ing, Refrigerating and Air-Conditioning
Engineers (ASHRAE). The ASHRAE data
characterize clear-day available insola-
tion in the horizontal plane on the 21st
day of each month for several latitudes
within the contiguous United States.
However, using the clear-day values
overpredicts the monthly output of a

solar-collector system, since clouds oc-
cur on many days during a month.
Although ASHRAE clear-day values can
be multiplied by a cloudiness factor,
which has been determined for about
200 cities, the results are under-
predictions of monthly outputs.

The ASHRAE clear-day solar radiation
can be used to predict the highest-
possible collector performance during
any given month, but will not give a true
measure of system performance. With
the NOAA data, in contrast, the perform-
ance of evacuated-tube collectors can
be accurately predicted. The perform-
ance of flat-plate collectors is overpre-
dicted because of the higher heat loss of
this type of collector; however, an accu-
rate correction factor can be estab-
lished for any given solar-collector
model.

The test report provides background
for the study, gives details of the all-day-
efficiency calculation procedure, and
discusses the ASHRAE and NOAA data
bases. It presents details of the algo-
rithm used to convert total horizontal
radiation to the collector tilt plane at a
given site. The report contains tables
and graphs of the test results.

This work was done by Wyle Labora-
tories for Marshall Space Flight
Center. Further information may be
found in DOE/NASA CR-161866 [N82-
10504/NSP], “‘Evaluation of All-Day Effi-
ciency for Selected Flat-Plate and Evac-
uated Tube Collectors' [$15]. A paper
copy may be purchased [prepayment re-
quired] from the National Technical In-
formation Service, Springfield, Virginia
22161. The report is also available on
microfiche at no charge. To obtain a
microfiche copy, Circle 21 on the TSP
Request Card.

MFS-25782
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Ensuring the Consistency of Silicide Coatings

The optimum fusion time is

determined from a simple diagram.

Lyndon B. Johnson Space Center, Houston, Texas

A diagram specifies the optimum
fusion time for given thicknesses of
refractory metal-silicide coatings on
columbium C-103 substrates. Adher-
ence to the indicated fusion times
ensures consistent coatings and
avoids underdiffusion and overdiffu-
sion.

The diagram was developed as a
result of X-ray tests on chamber-noz-
zle assemblies for the Space Shuttle
reaction-control-system thrustors. For
oxidation protection, the columbium
parts of the assemblies are coated with
silicide. The coating is applied as a slurry
of silicon, chromium, and titanium
powders then vacuum-fused at 2,580° F
(1,415° C). X-ray diffraction inspection
revealed structural anomalies in the
coatings on some of the parts. The
anomalies were traced to a metal-
trisilicide hexagonal phase on the
coating surface. This phase rapidly oxi-
dizes, then spalls when it is heated.

Excessive time at the fusion tem-
perature causes a loss of silicon by
vaporization and promotes formation
of the hexagonal phase after the
normal metal-disilicide phase is
formed. Figure 1 shows the develop-
ment of the hexagonal phase as the
time increases, for one coating
thickness.

The phase diagram that relates
coating thickness to fusion time is
seen in Figure 2. It shows the
allowable combinations of coating
thickness and fusion time that ensure
that only the normal phase is present.
The accuracy of the diagram has been
confirmed by tests.

This work was done by Ven Ramani
and Francis K. Lampson of The
Marquardt Co. for Johnson Space
Center. No further documentation is
available.

MSC-18900
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between about 20 and 45 minutes.

0.0 0.05 0.10 0.15 0.20

0

OVERDIFFUSION

& 2
T T

FUSION TIME, MINUTES

3
T

UNDERDIFFUSION

10 1 1 1 1 1 A ol
5 6

~

3
COATING THICKNESS, MILS

Figure 2. The Time-vs.-Thickness Diagram for refractory metal-silicide coatings
shows an area of acceptable combinations of fusion time and coating thickness.
Within the area, the normal metal-disilicide phase results. Outside the area,
overdiffusion, with production of the trisilicide hexagonal phase, or underdiffusion
results.




PPQ’s Containing Pendent Ethynyl and Phenylethynyl Groups

Polyphenylquinoxalines containing cross-linking groups
have higher use temperature and solvent resistance.

Langley Research Center, Hampton, Virginia

Polyphenylquinoxalines (PPQ’s) are
high-temperature thermoplastics with
excellent performance as structural
resins (e.g., adhesives and composite
matrices) at temperatures lower than
their glass-transition or heat-distortion
temperatures. These polymers also
have good potential as protective coat-
ings even though they are sensitive to
certain solvents.

PPQ's were prepared containing vari-
ous amounts of latent cross-linking
groups: pendent ethynyl groups and
pendent phenylethynyl groups. As these
polymers are exposed to elevated tem-
peratures, a thermally induced reaction
of the pendent groups occurs to provide
cross-linking, which raises the use
temperature of the polymer and also im-
proves its solvent resistance. When
relatively low levels of the pendent
groups are used, this is accomplished
without severely compromising the at-
tractive features of PPQ's, such as
toughness and thermoformability. The
polymers prepared in this synthesis
have potential applications as high-tem-
perature adhesives, laminating resins,
protective coatings, membranes, and
films.

Relatively-high-molecular-weight
linear soluble PPQ’s containing pendent
ethynyl or phenylethynyl groups were
successfully synthesized. Thermally in-
duced reaction of the pendent groups
provides insoluble cross-linked poly-
mers with high glass-transition tempera-
tures. However, the ethynyl-containing
polymers exhibit fair-to-poor proc-
essability by compression molding
because of the thermal reaction of the
ethynyl groups, which inhibits polymer
flow.

PPQ's containing more than 10 mole
percent of ethynyl groups are not amen-
able to processing in the conventional
manner as laminating resins or adhe-
sives. The cured ethynyl-containing
polymers exhibit lower thermo-oxidative
stability than corresponding polymers
with no ethynyl groups. These draw-
backs are somewhat alleviated using
pendent phenylethynyl groups. For in-
stance, processability is good for PPQ's
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Phenylquinoxaline Polymers Containing Pendent Phenylethynyl Groups are synthesized
from the reaction of aromatic bis(o-diamines) [I] with aromatic bis(a-diketones) [II] and
novel aromatic bis(phenylethynylphenyl-a-diketones) [lll]. The scheme is similar for
PPQ’s containing pendent ethynyl groups, except for the use of aromatic bis(ethynyl-

phenyl-a-diketones) [l11].

containing up to 30 mole percent of

pendent phenylethynyl groups.

Several previous routes have been
used in attempts to improve the di-
mensional stability of PPQ’s at elevated
temperatures. However, the current
work with the pendent phenylethynyl
groups exhibits significant advantages
over previous methods:

1. The cross-linked density of the poly-
mer can be readily controlled, permit-
ting the tailoring of polymers for spe-
cific applications.

2. The uncured polymers containing the
pendent groups are still readily solu-
ble and can be used for the prepara-
tion of films, membranes, coatings,
and prepregs. Polymers with high
Tg's from prior methods have limited
or no solubility.

3. PPQ’s containing low levels (less than
30 mole percent) of pendent phenyl-
ethynyl groups exhibit good processa-

bility; polymers from previous meth-

ods exhibit difficult processability.

4. The temperatures required to induce
cross-linking in these materials are
lower than those from previous
methods.

5. This synthesis consistently provides a
cured material with higher use tem-
perature and solvent resistance. Ma-
terials of previous methods are not
always solvent-resistant.

This work was done by Paul M.
Hergenrother of Langley Research
Center. For further information, Cir-
cle 22 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 devel-
opment should be addressed to the Pat-
ent Counsel, Langley Research Center
[see page A5). Refer to LAR-12838.
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Low-Waste Purification of Silicon

A continuous-flow process converts metallurgical-grade
silicon to semiconductor-grade silicon.

NASA's Jet Propulsion Laboratory, Pasadena, California
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This Purification Process starts with impure (metallurgical-grade) silicon and produces high-purity silicon suitable for semiconductor
applications. The input silicon is reacted with hydrogen and silicon tetrachloride to produce chlorosilanes; by a combination of distilla-
tion and disproportionation in resins, the silicon is converted to silane that is pyrolyzed to pure silicon. The Hp and SiCly4 are recycled in
the continuous-flow process.

The ultra-high-purity silicon required distillation and redistribution, the lighter The principal merit of this system is
for solar cells, transistors, and in- (hydrogen-rich) chlorosilanes progress the specific sequence in which the dif-
tegrated circuits can be produced from through the system, and the heavier ferent steps are integrated. As the figure
metallurgical-grade silicon by the forma-  (chlorine-rich) ones are fed back to distil- shows, the first distillation column
tion and pyrolysis of silane gas (SiHg) in  lation columns and to disproportionation recycles SiCl4, the third column sepa-
a continuous-flow process that max- or hydrochlorination reactors. The over- rates out ultra-high-purity SiH4, and the
imizes product purity with a minimum  all process consumes the silicon and intermediate second column separates
amount of equipment. The integrated produces high-purity SiH4 that is fractions that pass to resin dispropor-
process recycles unreacted and byprod- pyrolyzed to high-purity submicron par- tionation-reaction zones.

uct materials, thus minimizing material ticles of silicon. The Ha produced in the This work was done by William C.
losses and simplifying waste disposal. It  pyrolysis is fed back to the hydrochlori- Breneman and Larry M. Coleman of
also ensures the effective removal ofim-  nation reactor. Union Carbide Corp. for NASA’s Jet
purities, including boron. Metallic impurities are fluxed out of the Propulsion Laboratory. For further in-

The metallurgical-grade silicon is  system by periodic draining of small formation, Circle 23 on the TSP Re-
reacted with Hp and SiCl4 in the system  amounts of contaminated SiCl4. Boron is quest Card.
shown in the figure to produce chlorosil-  specially removed by the disproportion- NPO-15033
anes (HxSiCl4.x). By a combination of  ation resins and controlled distillation.
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Eliminating Impurity Traps in the Silane Process

The extraction of a small slipstream from separators

prevents impurities from building up.

NASA's Jet Propulsion Laboratory, Pasadena, California

VOLATILE TRICHLOROSILANE DICHLOROSILANE
COMPONENTS +LIGHTER +LIGHTER REDISTRIBUTION
I COMPONENTS COMPONENTS REACTOR
ULTRA-HIGH-
PURITY SILANE
CHLOROSILANE TCHLOR(;S&LANES# TO PYROLYSIS
FEED +SiCl4 ’ REACTOR
—————»1 STRiPren SEPARATOR SEPARATOR »| sePamatoR | L~
1 2 3
SICl
+HEAVIER “E°$§1'2$8£'°"
COMPONENTS
TRICHLOROSILAN
+HEAVIER
TO HYDROGENATION REACTOR SLIPSTREAM COMPONENTS
SLIPSTREAM

The Redistribution Reaction Section of the silane process progressively separates the heavier parts of the chlorosilane feedstock until a
light silane product is available for pyrolysis. The color lines indicate additions to the process that prevent impurity buildup. The
redistribution reactors catalytically adjust the composition of the feed for more favorable separations.

A modification has been proposed to
reduce impurity trapping in the silane
process for producing semiconductor-
grade silicon. A small amount of liquid
containing impurities is withdrawn from
the processing stages in which trapping
occurs and is passed to an earlier proc-
essing stage in which such impurities
tend to be removed via chemical
reactions.

The silane process is one of the most
promising methods for producing silicon
for low-cost solar cells by converting in-
expensive metallurgical-grade silicon to
semiconductor-grade silicon. In the
silane process, the metallurgical-grade
material is first hydrogenated to produce
a feed stream composed primarily of tri-
chlorosilane and silicon tetrachloride
but also containing other chlorosilanes.
The feedstock is passed through a se-
ries of separator columns that produce
ultra-high-purity silane (SiHg). A pyrol-
ysis reactor breaks down the silane into
hydrogen, which is recycled to the
hydrogenator, and semiconductor-grade
silicon.

398

A problem with the silane process has
been that certain impurities of intermedi-
ate volatility can become trapped in the
separator loops. Eventually the impuri-
ties build up to the point where they over-
load the separator columns and con-
taminate the silane product.

In the modified process (see figure) a
small stream of liquid is withdrawn from
the last two separator columns and
returned with recycled silicon tetrachlo-
ride to the hydrogenator. There, some
impurities are converted to insoluble
metal complexes that settle and are
removed with the heavy-waste stream.
Other impurities continue to the stripper
column, where they pass off with other
volatile components. (The stripper col-
umn removes such gases as nitrogen
and methane dissolved in the feed
stream from the hydrogenator — all
components having volatility equal to or
greater than that of hydrogen sulfide.)

The effluent from the stripper — pri-
marily trichlorosilane and silicon tetra-
chloride essentially free of high-volatility
contaminants — enters separator col-

umn 1. There, trichlorosilane and lighter
components are extracted and sent as
the feed to separator column 2. Silicon
tetrachloride and heavier components
are removed and returned to the hydro-
genator.

In separator 2, dichlorosilane and
lighter components are extracted and
sent to separator column 3. Heavier
chlorosilanes are returned to separator
1, except that in the new process a small
slipstream is diverted to the recycling
silicon tetrachloride. The slipstream
prevents impurities with volatility greater
than that of tricholorosilane but less than
that of dichlorosilane from becoming
trapped and accumulating in the loop
between separators 1 and 2. Such im-
purities include boron trichloride, phos-
phorus chloride, and arsenic chloride.

In separator 3, silane is extracted as
the product. Diborane and other impuri-
ties are returned to separator 2, and a
slipstream is added to the silicon tetra-
chloride return. The slipstream prevents
such impurities as boron hydride, phos-
phorus hydride, and arsenic hydride
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from building up in the loop between
separators 2 and 3.

Very small slipstreams are sufficient.
A continuous bleed of only 0.01 to 0.1
percent of the column-bottom recycle

stream is enough to maintain any of the
impurities in the separator loops at less
than 1 part per million.

This work was done by Larry M.
Coleman of Union Carbide Corp. for

NASA’s Jet Propulsion Laboratory.
For further information, Circle 24 on
the TSP Request Card.

NPO-15217

Removing Chlorides From Metallurgical-Grade Silicon
Process for making low-cost silicon for

solar cells is further improved.

NASA's Jet Propulsion Laboratory, Pasadena, California
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Silane Product Recycled To Feed Stripper Column converts some of the heavy impurities to volatile ones that pass off at the top of the
column with light wastes. The impurities — chlorides of arsenic, phosphorus, and boron — would otherwise be carried to subsequent
distillations where they would be difficult to remove. Since only a small amount of silane is recycled, silicon production efficiency re-

mains high.

Upgrading metallurgical-grade silicon
to high-purity semiconductor-grade sili-
con for low-cost solar cells requires a
critical step in which chlorosilanes are
separated from a silicon tetrachloride
carrier for further processing. When the
chlorosilanes are separated, such im-
purities as arsenic chloride, phosphorus
chloride, and boron chloride tend to stay
with them. The retention of these impu-
rities in the feedstock imposes a heavier
impurity load on downstream process-
ing equipment and makes it more dif-
ficult to maintain high purity in the silicon
product.

However, a small amount of silane
added to the chlorosilane and silicon tet-
rachloride mixture eliminates the impuri-

NASA Tech Briefs, Spring/Summer 1982

ties. A small portion of the silane pro-
duced in a later reaction is simply
diverted to the feed stripper column in
which the chlorosilane and silicon tetra-
chloride are separated (see figure). The
silane reacts with the chloride impurities
to form hydrides, such as arsenic
hydride, phosphorus hydride, and boron
hydride. These volatile compounds are
readily removed along with other light
wastes in the column.

The silane enters at the bottom of the
feed stripper column. Since silane is a
volatile substance, it rises the entire
length of the column. It thus has a longer
time to react with impurities than if it
were injected at a higher level in the col-
umn. Excess silane passes off at the top

with the other light gases.

Of course, the impurity concentra-
tions in the feedstock are already low —
usually less than 1 ppm to about 10 ppm.
To ensure complete reaction, the silane
should be added in concentrations of 10
to 100 ppm (moles of silane per milion
moles of feedstock). This concentration
represents an insignificant loss of pro-
duct silane for conversion to semi-
conductor-grade silicon.

This work was done by William C.
Breneman and Larry M. Coleman of
Union Carbide Corp. for NASA’s Jet
Propulsion Laboratory. For further in-
formation, Circle 25 on the TSP Re-
quest Card.

NPO-15218
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Extracting Silicon From Sodium-Process Products

An acid solution dissolves unwanted byproducts of the
reaction between sodium and silicon fluoride.

NASA's Jet Propulsion Laboratory, Pasadena, California

A new acid leaching process purifies
the silicon produced in the reaction be-
tween silicon fluoride and sodium. The
concentration of sodium fluoride and
other impurities and byproducts remain-
ing in the silicon are within acceptable
ranges for semiconductor devices. The
leaching process makes the sodium
reduction process more attractive for
making large quantities of silicon for
solar cells.

The process also removes sodium
silicofluoride (Na2SiFg), which is formed
with the silicon and NaF in the sodium
reduction process. The amount of water
required for leaching is determined by
the amount of NagSiFg in the product,
since NapSiFg is considerably less solu-
ble in water than NaF (the solubility of
NaF is about 1M, and that of NapSiFg is
0.042M in water and 0.072M in concen-
trated acid). The amount of NagSiFg in
the product varies between 1 and 30
percent by weight; higher reaction
temperatures tend to decompose

NaoSiFg and thus produce lower
amounts.

An acid leaching solution is used to
prevent the silicon from oxidizing, a
reaction that occurs spontaneously in
alkaline solution. The acid also
neutralizes unreacted sodium, which
would otherwise create an alkaline
leaching solution.

Leaching should be performed as
rapidly as possible because even in acid
solutions some silicon is oxidized, and
the yield is decreased accordingly. Ox-
idation in acid solution is promoted by
fluoride ions in the leaching batch
(fluoride ions form a complex with silicic
acid and prevent a protective film of ox-
ide from forming on the silicon).
Therefore NaF — the primary source of
fluoride ions — should be removed as
quickly as possible.

For the leaching of 1 kg of reaction
products, six to nine leaching steps are
performed with 0.5N to 1.2N sulfuric
acid. A total volume of 150 to 350 liters
of solution is required to decrease the

residual fluoride-ion concentration to
10-4M. The final leaching is done with
water. Between the leaching steps, the
leachant is separated from the remain-
ing solid by filters or a centrifuge. The
entire procedure can be carried out in 3
to 4 hours.

Emission spectroscopy indicates that
4 ppm copper, 6 ppm magnesium, 7
ppm calcium, and 1,500 ppm sodium
are present in the leached silicon. The
large amount of sodium may be from
NagSiFg or unreacted sodium dissolved
in the silicon. Elements present but
below the quantitative detection limit
were nickel, iron, chromium, barium,
aluminum, vanadium, zirconium,
manganese, boron, phosphorous, silver,
molybdenum, and titanium.

This work was done by Vijay Kapur,
Angel Sanjurjo, Kenneth M. Sancier, and
Leonard Nanis of SRI International for
NASA’s Jet Propulsion Laboratory.
For further information, Circle 26 on the
TSP Request Card.

NPO-15260

Producing Cryolite From Waste Sodium Fluoride
Use of waste NaF could improve the

economics of silicon production.

NASA's Jet Propulsion Laboratory, Pasadena, California

A simple chemical process makes
synthetic cryolite (NazAlFg) by utilizing
the byproducts of one kind of silicon pro-
duction process. The potential result of
commercialization could be an eco-
nomic benefit to the silicon industry or to
the aluminum industry, in which cryolite
is used as a flux.

Both NaF and HF are byproducts of
the process involving the reaction be-
tween Na and SiF4 to produce solar-
grade silicon. In the melt-separation ver-
sion, molten NaF is produced and solidi-
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fied. In the leach-separation version,
NaF is dissolved in water or dilute acids.
The NaF solution may be combined with
waste HF liquors.

Alumina hydrate [A(OH)3] is com-
bined with the waste liquor, and the fol-
lowing reactions take place:

6NaF + AI(OH)3 = NasAlFgé + 3NaOH

4NaF + 2HF + AI(OH)3 =
NazAlFgt + NaOH + 2H20

The cryolite, being relatively insoluble in
water, readily precipitates out of solu-
tion. These reactions have been qualita-
tively demonstrated in beaker-scale
laboratory experiments only.

This work was done by Robert W.
Bartlett of SRI International for NASA’s
Jet Propulsion Laboratory. For further
information, Circle 27 on the TSP Re-
quest Card.

NPO-15258
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Producing High-Purity Silicon With Sodium

Fed in solid form, the sodium
reduces silicon fluoride.

NASA's Jet Propulsion Laboratory, Pasadena, California

A simple technique for producing
silicon for solar cells employs solid so-
dium to reduce silicon fluoride. Since
solid rather than liquid sodium is used,
careful temperature control is unneces-
sary, and simple feed equipment is used.
The technique is energy-efficient, since
the reaction produces enough heat to
sustain itself.

Solid pieces of sodium at room tem-
perature are dropped from a plastic-
lined hopper into a vertical cylindrical
reactor (see figure). The bottom of the
reactor is heated to above 350° C. As
the sodium (which melts at 97.5° C)
reaches 150° C, it starts to react rapidly
with SiF4 flowing into the reactor. The
heat liberated during the reaction is
used to preheat subsequent sodium
feedings.

In the laboratory, the process has pro-
duced kilogram-sized batches of reac-
tion products consisting of silicon, so-
dium fluoride, and a small amount of
sodium silicofluoride (NagSiFg). The
only impurity detectable by emission
spectroscopy was calcium, which was
present in concentrations ranging from
100 to 175 ppm. Possible impurities that
were below the detection limit were
titanium, vanadium, chromium, zirco-
nium, iron, copper, aluminum, molybde-
num, nickel, manganese, boron, and
phosphorus.

The sodium pieces flow more
smoothly if they are coated with sodium
fluoride powder or a thin oxide. Such
coatings minimize cold welding of the
pieces to the reactor wall.

This work was done by Angel Sanjurjo
of SRl International for NASA's Jet Pro-
pulsion Laboratory. For further infor-
mation, Circle 28 on the TSP Request
Card.

NPO-15381
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Slices of Sodium are pushed one by one into a reactor vessel. The slices react with silicon
fluoride flowing into the vessel. The reaction products — silicon, sodium fluoride, and
sodium silicofluoride — collect at the bottom.
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Nonclogging Liquid-Sodium Nozzles

Reaction yielding high-purity silicon is
prevented from occurring at nozzle.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Reacting liquid sodium with gaseous
silicon tetrafluoride is an effective way
of producing high-purity silicon for solar
cells, but liquid sodium is such an active
substance that it can readily clog the
nozzle through which it is introduced
into a reactor.

Two new methods that prevent clog-
ging are:

1. Silicon tetrafluoride is passed over
the nozzle to keep it below the 150° C
reaction temperature, even though
the heat of reaction at the bottom of
the reactor produces temperatures
as high as 900° C.

2. The liquid sodium is jetted at a rate
high enough that it does not react until
it is clear of the nozzle.

In the first method, room-temperature
SiF4 is injected into the reactor through
a nozzle concentric with the liquid-
sodium nozzle (see figure). As the
sodium and SiF4 react downstream,
depleting the SiF4 in the reactor, a con-
stant-pressure valve feeds more SiFg4
through the nozzle. The gas flow not only
cools the liquid-sodium nozzle but also
creates a jet that keeps hot reaction
product particles away from the nozzle.

Batches of up to 1 kg of the product
mixture of silicon and sodium fluoride
have been produced without clogging of
the nozzle. Several nozzles have been
evaluated, the most successful of which
was a shower-head type.

In tests of the high-flow-rate method,
liquid sodium was jetted through a thin
nozzle having an inside diameter of
0.005 inch (0.127 mm). Even though the
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Flowing Through a Constriction around a sodium-delivery nozzle, silicon tetrafluoride
gas cools the liquid sodium emerging from the nozzle. The sodium-delivery nozzle
consists of a stainless-steel tube with a one-fourth inch (6.35 mm) outside diameter.

liquid-sodium temperature was as high
as 250° C, the sodium did not react at
the nozzle but, rather, a few centimeters
away from it.

This work was done by Angel Sanjurjo

of SRI International for NASA’s Jet Pro-
pulsion Laboratory. For further infor-
mation, Circle 29 on the TSP Request
Card.

NPO-15259

Inexpensive Antireflection Coating for Solar Cells

Titanium oxide is applied in

a continuous spraying process.

NASA's Jet Propulsion Laboratory, Pasadena, California

A continuous method for applying an
antireflection coating to solar cells in-
creases the efficiency of these devices
by preventing energy from being re-
flected away, but adds little to manufac-
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turing cost. The method consists of
spraying a solution on the cells or glass
collector plates, drying the sprayed
layer, and curing it. The solution is for-
mulated to spread evenly over the sur-
faces.

Previously, antireflection coatings
have been applied by vacuum deposition
or sputtering. These processes are ex-
pensive and awkward for mass produc-
tion. More recently, coatings have been
applied by dipping parts in solution or by
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placing a drop of solution at the center of
a part and spinning it so that the solution
spreads out evenly. Although these
methods are less costly than vacuum
deposition or sputtering, the parts must
still be handled in batches rather than as
a continuous flow.

The sprayed coating has the required
index of refraction (2.0 to 2.2). It has a uni-
form thickness of about 700 angstroms. It
adheres strongly to the substrate and is
unaffected by prolonged exposure to
Sunlight.

The spraying solution consists of an
organometallic titanium compound such
as titanium isopropoxide, an inert ester
diluent such as butyl acetate, 2-ethyl-1-
hexanol and, optionally, a lower aliphatic

alcohol. The last ingredient ensures that
the solution wets the substrate, spreads
evenly across it, and evaporates uniform-
ly, leaving a continuous film of titanium
compound. The proportions of the ingre-
dients can be varied within limits, but the
solution should contain at least 33 per-
cent by volume of 2-ethyl-1-hexanol and
no more than 33 percent of the lower
aliphatic alcohol. The volume ratio of
titanium compound to ester diluent
should be about 1 to 3. The solution can
be applied by commercial automatic
spraying equipment.

The sprayed film is passed through an
infrared furnace so that its solvents evap-
orate; the temperature at this stage
should be about 70° C for at least 30

seconds. The film is then heated to about
200° C for 30 seconds and to about 350°
to 400° C for another 30 seconds. The
heat converts the titanium compound to a
stable solid film of titanium oxide.

The antireflection coating has been ap-
plied successfully to glass plates and
silicon solar cells. The spray orifice diam-
eter was 0.31 mm, and the spray pres-
sure was 172 kPa. The spray gun was 10
cm above the substrates and was moved
at a speed of 36 cm/s.

This work was done by Chester E.
Tracy, Werner Kern, and Robert D.
Vibronek of RCA Corp. for NASA’s Jet
Propulsion Laboratory. For further in-
formation, Circle 30 on the TSP Re-
quest Card.

NPO-15025

Prepolymer Syrup for Encapsulating Solar Cells

N-butyl acrylate polymer/monomer syrup
can be used for dipping and coating.

NASA's Jet Propulsion Laboratory, Pasadena, California

SOLAR-CELL CONVEYER

VACUUM
OVEN

This Continuous Encapsulation process for solar-cell assemblies uses a polymer syrup containing prepolymer of high molecular weight.

A clear polymer syrup, made by dis-
solving n-butyl acrylate prepolymer in
the monomer, can be used to encapsu-
late solar cells by any of three standard
processes (dipping, multiple coating, or
automated machine coating). [See also
“Thermal Polymerization of N-Butyl
Acrylate” (NPO-15010) on page 288 of
NASA Tech Briefs, Vol. 6, No. 3.] The use
of cyclohexane instead of a methanol/
water solvent during the initial polymeri-
zation stage maintains high molecular
weight and raises the yield of linear poly-
mer to essentially 100 percent.

The n-butyl acrylate monomer is ini-
tially polymerized by mixing with an
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azoisobutyronitrile initiator in a cyclo-

hexane solvent. The solvent is then

removed, and the prepolymer is mixed

with more of the monomer. More ini-

tiator and a stabilizer (to prevent yel-

lowing of the polymer by ultraviolet rays)

are added. The composition of the re-

sulting encapsulant syrup is as follows:

*Poly (n-butyl) acrylate, with molecular
weight of 200,000 to 600,000 — 40 to
70 weight percent

*N-butyl acrylate (monomer) — 30 to 60
weight percent

* Azoisobutyronitrile initiator — 0.05 to 1
weight percent

eUltraviolet stabilizer — 0 to 3 weight
percent

The figure shows the method of en-
capsulation with this polymer syrup by
direct dipping or submerging of the
solar-cell assembly into the polymer, fol-
lowed by curing in a continuous process
with a vacuum oven at about 80° C.

This work was done by Amitava
Gupta, John D. Ingham, and Andre H.
Yavrouian of Caltech for NASA’s Jet
Propulsion Laboratory. For further in-
formation, Circle 31 on the TSP Re-
quest Card.

Title to this invention has been waived
under the provisions of the National
Aeronautics and Space Act [42 U.S.C.
2457(f)), to Caltech.

NPO-15154




Precise Sealing of Fused-Quartz Ampoules

A new technique maintains wall

strength and pumping speed.

Langley Research Center, Hampton, Virginia

A new technigue rapidly evacuates
and seals a fused-quartz ampoule with
precise clearance over its contents,
without appreciably thinning the am-
poule walls. Previous methods involved
either heating the sides of the ampoule
until the walls softened and collapsed or
placing a plug of fused quartz in the am-
poule before evacuation and then heat
sealing the ampoule to the plug. The first
method causes wall thinning and weak-
ening and poor control of the clearance
between the top of the charge and the
top of the ampoule. A significant reduc-
tion in pumping speed occurs in the sec-
ond method due to the constriction
caused by the plug.

The new technigue consists of mount-
ing the ampoule vertically, as shown in
the illustration. The ampoule is con-
structed so that the top section (approxi-
mately 15 cm) is wider than the working
section by /2. A vacuum rotary feed-
through is mounted at a right angle to
the ampoule. On the vacuum side of the
feedthrough and positioned above the
ampoule is a spool of 0.1-mm-diameter
platinum wire. A hook is attached to the
end of the platinum wire.

The fused-quartz plug that will form
the top seal of the ampoule has a fused-
quartz eye loop attached to its top. The
hook on the platinum wire fits into the
eye loop and supports the plug while the
ampoule is connected to the vacuum
system. The rotary feedthrough then
positions the plug in the upper (larger
diameter) section of the ampoule during
pumpdown.

After evacuation, the plug is lowered
into the working section of the ampoule.
The vacuum-tight seal is made by fusing
the ampoule to the plug. Ampoule wall
strength is not significantly affected by
this operation because the amount of
wall collapse is kept to a minimum.

The hook on the platinum wire is re-
leased by lowering the hook until it
releases from the eye on the plug. The
sealed ampoule is then removed from
the vacuum system, and the operation is
repeated with a new ampoule.

This technique can be used to seal
any cylindrical opening in any glasslike
container, the interior of which is main-
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A Quartz Plug Is Lowered into the working section of the ampoule after the ampoule has
been evacuated. The plug is then fused to the ampoule walls, forming a vacuum seal.

tained at lower than atmospheric pres-
sure. The plug and ampoule must be of
compatible materials to ensure proper
sealing. Advantages of this technique
over previous methods include precise
positioning of the plug within the am-
poule, the maintenance of ampoule
shape and strength after sealing, the
ease of sealing, and rapid pumpdown.

This work was done by William J.
Debnam, Jr., and Ivan O. Clark of
Langley Research Center. No further
documentation is available.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Langley Research Center [see page A5].
Refer to LAR-12847.
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Oxidation-Strengthened High-Temperature Rivets
Shear strength of titanium-niobium

rivets improves with oxidation.

Lyndon B. Johnson Space Center, Houston, Texas

Titanium-niobium rivets are stronger
when their surfaces are oxidized. Rivets
composed of a 55-percent Ti/45-percent
Nb alloy that had been oxidized at
1,700° F (927° C) for 10 hours were
stronger — both at room temperature
and at 1,700° C — than unoxidized riv-
ets of the same composition.

Oxidized specimens showed a pro-
nounced increase in hardness near the
surface. This finding correlates with
photomicrographs, which show an oxide
crust and underlying diffused oxygen
(see figure).

The Ti-Nb rivets were developed for
fastening parts of Space Shuttle thrus-
tors. They may be suitable also for other
high-temperature applications in oxidiz-
ing environments — for example, in the
burner cans of commercial jet engines
and boilers and retorts for coal gasifica-
tion systems.

This work was done by Robert L.
McLemore of The Marquardt Co. for
Johnson Space Center. For further in-
formation, Circle 32 on the TSP Re-
quest Card.

MSC-20095

| e

After Exposure to Air at 1,700° F for 2%z hours, the Ti-Nb rivet depicted in this cross-
sectional photomicrograph has a hard outer crust of oxide.

Improved Supercritical-Solvent Extraction of Coal

Combining a catalyst with a conventional
aromatic solvent increases yields.

NASA's Jet Propulsion Laboratory, Pasadena, California

Raw coal is upgraded by a supercriti-
cal-solvent extraction system that uses
two materials instead of one. [See also
“Supercritical-Fluid Extraction of Oil
From Tar Sands’ (NPO-15476), NASA
Tech Briefs, Vol. 6, No. 2, page 166.] The
system achieved extraction yields of 29
to 49 weight percent. Single-solvent
yields are about 25 weight percent.

Raw coal has varying amounts of min-
eral, sulfur, and nitrogen impurities.
Therefore it cannot be used directly in
many chemical conversion processes,
such as coal liquefaction, because the
impurities interfere with catalyst activity.

NASA Tech Briefs, Spring/Summer 1982

A number of single-solvent coal-
extraction techniques recover and en-
able use of the soluble extract for one
application and enable the use of
residue or ‘“‘char” for another applica-
tion or for fuel. Yields of extract have not
been sufficiently sizable for solvent ex-
traction to be attractive commercially.
The supercritical extraction uses a
coal-dissolution catalyst and a conven-
tional aromatic solvent. Typically, phen-
anthrene and toluene are used together
at 715° F (380° C) and 900 psig
(6.2 x 106 N/m2) for a 16-hour extrac-
tion. The process is carried out in any

conventional solid-extraction apparatus
with provision for pressurized operation,
controlled heating, and preferably some
form of agitation. All the advantages of
supercritical-fluid extraction are
retained.

The more volatile solvent (toluene)
volatilizes the somewhat nonvolatile
coal-dissolution material at tempera-
tures sufficiently low to avoid coal
gasification and polymerization reac-
tions that tend to reduce the yields of
coal extract. The less volatile solvent
(phenanthrene) is believed to catalyze
the breakdown of raw coal structure in

(continued on next page)
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Coal Type* Ash Solvent m Temperature Time Pressure Dgwas?ty Coal Weight
o °
(PSOC No.) (%) (wt.%) (wtiwt) (°C) (h) (MN/m2) (g/emd) m”(% )
174 Toluene 100 347 385 17 22 0.73 435
174 5.0 T/P** 62/38 295 379 16 6.2 0.69 493
086 Toluene 100 36.0 366 15.3 21 0.73 247
086 TIP 83117 39.8 367 15.3 14 0.73 29.1

*PSOC #174 HVA Rank, Pittsburgh Seam, 84.1 Percent DMMF Carbon
PSOC #086 Lignite Rank, ZAP Seam, 73.2 Percent DMMF Carbon

**TIP = Toluene to Phenathrene Ratio

Supercritical-Fluid Extraction Yields are shown for experiments on two types of coal.

the gas phase and to volatilize the coal-
fragment molecules into the super-
critical fluid or mixture.

Phenanthrene, with a critical tem-
perature of 1,112° F (600° C), is not suf-
ficiently volatile at temperatures below
about 797° F (425° C) to be employed
separately in coal extraction under
supercritical conditions. Coal is known
to undergo some polymerization above
425° C. With concurrent use of toluene,

which has a lower critical temperature,
coal is volatilized at acceptably low tem-
peratures at which no significant polym-
erization occurs. Conceivably, another
solvent with a low critical temperature
can be used instead of toluene, and
another aromatic solvent that facilitates
the breakdown and dissolution of coal
can be used instead of phenanthrene.
Some experimental results are shown
in the table. Extraction yields may be

time-dependent. Observed decreases in
the weight of coal agreed well with in-
creases in the ash content of the
residue.

This work was done by Leslie E.
Compton of Caltech for NASA’s Jet
Propulsion Laboratory. For further in-
formation, Circle 33 on the TSP Re-
quest Card.

NPO-15210

High-Temperature Ultrafiltration Membrane
A polyimide membrane is made in a

single step by solution casting.

NASA's Jet Propulsion Laboratory, Pasadena, California

Polymer Concentration (%) in Dimethylacetamide
Property
Investigated 15 20 25
Evaporation Time (min) 0 7 15 0 7 15 0 7 15
Water Content (%) 82 79 75 77 72 68 73 70 65
Overall Porosity 0.86 0.84 0.80 0.82 0.79 0.75 0.79 0.77 0.73
Hydraulic Permeability 52 0.69 0.29 1.5 0.36 0.16 0.44 0.21 0.1
(cm/s-Dyne x 108)
Average Pore Size (A) 400 340 200 320 250 130 230 175 95

Characteristic Properties for a high-temperature polyimide ultrafilter are tabulated here. The pore size decreases with increased concen-
tration of the casting solution and/or a longer evaporation period.

An ultrafiltration membrane with high-
temperature capability is prepared from
a polyimide that is soluble in an organic
solvent such as dimethylacetamide. It is
made in a single step by solution-casting
phase inversion.

Typical ultrafiltration membranes
made of organic polymers are limited to

operating temperatures below 50° or
60° C (120° or 140° F), and even at
these moderate temperatures their
lifetimes are often too short. Some ap-
plications demand higher operating tem-
peratures — for example, the recycling
of hot fluids in chemical processing.

In the new method, a fully-imidized
aromatic polyimide is dissolved in dimeth-
ylacetamide. Then a film of polymer solu-
tion is cast on a glass plate by a casting
blade inside a constant-temperature dry
box. Dry air passes through the box to
carry away the solvent vapor. After a
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specific period of evaporation, the cast
film is immersed in distilled water, and
the polymer precipitates on the glass
plate, forming a skin-type asymmetric
membrane.

The porosity, hydraulic permeability,
and pore size of the skin layer have been
studied (see table). As casting-solution
concentration and/or evaporation period
increase, the average pore size de-
creases, and the skin thickness in-
creases. At low casting-solution concen-
tration, the membranes are highly por-

ous, and the precipitated polymer phase
has a granular structure. At high casting-
solution concentrations, the precipitated
polymer is less porous, and it has a
spongy structure.

The polymer retains its useful
physical properties at temperatures well
above previous operating temperatures.
Tensile strength is 29x 107 Pa at
285° C, and the heat deflection tem-
perature lies in the range 270° to
280° C. Compression creep per day (at
a pressure of 1.87 x 109 Pa) is only 0.47

percent at 312° C.

This work was done by Mohammad N.
Sarbolouki of Caltech for NASA’s Jet
Propulsion Laboratory. For further in-
formation, Circle 34 on the TSP Re-
quest 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, NASA Resident Office-
JPL [see page A5). Refer to NPO-15431.

Glass for Solid-State Devices
Glass film has low intrinsic compressive stress for isolating

active layers of magnetic-bubble and other solid-state devices.

Langley Research Center, Hampton, Virginia

Two glass formulations are suitable
as isolation layers in solid-state devices
that incorporate magnetic films. The
glasses have the low intrinsic compres-
sive stress required of such layers.

The illustration shows a cross section
of a composite structure that might be
used in a magnetic-bubble or other solid-
state device. The substrate is a semi-
conductor or a magnetic-bubble-domain
material. It may have a thin layer of
material capable of supporting mag-
netic-bubble domains. The entire sub-
strate together with the magnetic-bub-
ble-domain layer may be any thickness,
but a thickness of about 20 mils
(0.51 mm) is preferred. Deposited over
the surface of the thin layer on the sub-
strate is a planar barrier layer of dielec-
tric — in this case the low-stress glass
film. The thickness of the glass is from
1,000 to 4,000 A. It may be deposited
on the substrate by sputtering or
vacuum evaporation.

Over the barrier layer is a layer of a
conductive material. This layer consists
of discrete spaced-apart conductor ele-
ments or strips having a thickness of
about 4,000 A. The specific conductor
chosen for this layer depends on the
characteristics required by the micro-
electronic device. In a bubble-domain
device, the conductor may be copper-
doped aluminum. The conductor is de-
posited by the same technique as in the
deposition of the barrier layer.

It is important that the barrier layer
have specific mechanical properties so
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NICKEL/IRON

Solid-State Device Structure incorporates
low-stress glasses as barrier and spacer
layers. The glass layers mechanically
isolate the substrate, conductor, and
nickel/iron layers.

that stress in the conductor layer, or
other layers, is isolated from the mag-
netic layer. This isolation is provided by a
barrier material with low intrinsic com-
pressive stress. A glass film with the
following composition exhibits the low
intrinsic compressive stress required:

Component (Percent by Weight)
S0 89109845
A 05150

Al 0051010

Lo dp? i i

A spacer layer of paramagnetic mate-
rial may be deposited to separate the
conductor from the other active layers.
Such a material may consist of the same
type of glass used for the barrier layer.
The spacer layer, with a thickness of
from 2,000 to 6,000 A, separates the
barrier and conductor layers from other
conductive or magnetically operative
elements (such as nickel/iron). Typically
4,000 A thick, this final layer may also
be applied by sputtering or evaporation.
Although glass with a composition in the
range shown above is suitable, the pre-
ferred glass for this application has the
following composition:

Component (Percent by Weight)
 siop 93310977
Ao = | AT 8205
Na : 05x02
B . 25215

This work was done by Robert F.
Bailey of Rockwell International Corp.
for Langley Research Center. No fur-
ther documentation is available.

Title to this invention has been waived
under the provisions of the National
Aeronautics and Space Act [42 U.S.C.
2457(f)), to the Rockwell International
Corp., 3370 Miraloma Ave., Anaheim,
CA 92803.

LAR-12781
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Low-Cost Aqueous Coal Desulfurization
New chlorination process uses water

instead of an organic solvent.

NASA's Jet Propulsion Laboratory, Pasadena, California
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In a Batch Coal-Desulfurization System, the essential steps are the chlorination of sulfur in a waterborne coal slurry and the combined
filtration, drying, and dechlorination of the powdered coal.

A water-based process for desulfuriz-
ing coal not only eliminates the need for
a costly organic solvent but removes
sulfur more effectively than does an
earlier solvent-based process. The new
process could provide a low-cost com-
mercial method for converting high-
sulfur coal into environmentally accept-
able fuel.

A previous desulfurization process
was based on methyl chioroform sol-
vent. The three-stage process started
with a room-temperature chlorine treat-
ment of coal slurry suspended in the sol-
vent and water. After the slurry was
filtered, a batch hydrolysis and solvent-
recovery step was carried out. Finally,
the coal was dechlorinated, yielding
desulfurized coal.

Methyl chloroform was selected as
the solvent in the previous process
because it is chlorine-resistant and was
originally thought to aid sulfur removal.

However, sizable quantities of the sol-
vent could be lost by absorption in tarry
residues and solids or by hydrolysis, rep-
resenting a substantial cost. Water was
found to be an effective substitute for
the solvent.

The new water-based process has
been demonstrated in a continuous-flow
minipilot plant (see figure). It includes a
chlorinator, a horizontal-belt vacuum
filter, and a dechlorinator that could be
scaled up to a commercial-sized plant.

The concept for the new process
emerged from theoretical studies of
chlorine reactions with coal. The studies
showed that the methyl chloroform sol-
vent had no role in the chemical reac-
tions of the chlorine other than serving
as a carrier of the chlorine. An aqueous
carrier in sufficient volume is at least as
effective as a solvent carrier, because
chlorine is the active reagent that pene-

trates and directly reacts with sulfur in
the coal. }

In the older process, the methyl
chloroform helped to stabilize the reac-
tion temperature, since evaporation at
the 74° C boiling point of the solvent
dissipates the heat generated in the exo-
thermic chlorine-sulfur reaction. In the
new process, this stabilization is pro-
vided by cooling of the reactor vessel.

Laboratory experiments have clearly
demonstrated the superiority of the new
process. In typical experiments, 2 kg of
lllinois No. 6 coal were ground to — 100
to 200 mesh. The total sulfur content
was 1.59 percent, including both
organic and inorganic sulfur. The ground
coal was mixed with 4 kg of water. The
mixture was chlorinated for 45 minutes
in a stirred reactor equipped with a
reflux condenser. Chlorine flow into the
reactor was 12 stdft3/h (3.4x 102
m3/h). The reactor temperature — in-
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itially in the range of 60° to 90° C —
rises sharply in the first 10 to 15 minutes
unless cooling is imposed on the reac-
tion system.

After chlorination, the coal was
filtered, dried, and dechlorinated at
400° C for 1 hour with a nitrogen purge.

Analysis of the product showed that 51
percent of the sulfur had been removed.
In contrast, the older solvent process
removed 38 to 45 percent of the total
sulfur content under similar operating
conditions.

This work was done by John J.

Kalvinskas, Nick Vasilakos, William H.
Corcoran, Karel Grohmann, and Naresh
K. Rohatgi of Caltech for NASA’s Jet
Propulsion Laboratory. For further in-
formation, Circle 35 on the TSP Re-
quest Card.

NPO-14902

Acid Solutions for Etching Corrosion-Resistant Metals
Etchants remove metal smears that

may mask surface defects.

Marshall Space Flight Center, Alabama

When a metal surface has been dis-
turbed by machining, milling, or grinding,
smeared metal can mask surface flaws
from detection. To make the flaws visi-
ble, the smeared metal is often removed
by a light etching of the surface prior to
penetrant inspection.

A new study has characterized solu-
tions for etching austenitic stainless
steels, nickel-base alloys, and titanium
alloys (annealed). The solutions recom-

mended for use remove at least 0.4 mil
(0.01 mm) of metal from a surface in less
than an hour.

*For 6Al-4V Titanium: An HNO3/HF solu-
tion is effective.

*For Inconel 718: Both HCI/HNO3/
NiClo/FeCl3/CrO3 and HCI/H2O02 solu-
tions are effective.

eFor A-286 and 21-6-9 Corrosion-
Resistant Stainless Steels: FeClg/
HNO3/H3PO4, HCI/HNO3/NiClao/

FeCl3/CrO3, and HCI/H202 solutions
are all effective.

None of these solutions causes in-
tergranular attack on the metals for
which they are effective, when used
under the specified conditions.

This work was done by J. R. Simmons
of Martin Marietta Corp. for Marshall
Space Flight Center. For further infor-
mation, Circle 36 on the TSP Request
Card.

MFS-25467

Improved Ceramic for Heat Exchangers

Multicomponent formulation shows promise
for automotive gas-turbine engines.

Lewis Research Center, Cleveland, Ohio

Many problems remain to be solved in
the expanded commercial use of gas-
turbine engines in various applications.
An important development area involves
the selection of suitable materials for
heat exchangers. l|deally, heat-ex-
changer components should be fabri-
cated from dielectric refractory mate-
rials with good corrosion character-
istics, excellent thermal-shock resist-
ance, and moderate cost.

Potential heat-exchanger materials
were evaluated at a contractor facility
under NASA contract direction. In this
program, numerous multiphase com-
positions were developed and evalu-
ated. Screening tests of various
chemistries included specimen fabrica-
tion and measurements of thermal ex-
pansion, thermal stability, dimensional
stability, and corrosion resistance.

The most promising composition de-
veloped in this investigation consisted of
mixed oxides of ZrO2, MgO, Al203, and
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SiO2 and is described generically as
ZrMAS. It has been commercially desig-
nated as GE-7808. This material was ob-
tained from a low-cost clay/talc mixture.

A major benefit of the multiphase
nature of these materials was exhibited
during the fabrication and firing of the
heat-exchanger honeycomb structure.
The rheological behavior and refrac-
toriness of ZrMAS enabled an unfired
honeycomb structure to hold its shape
better than many single-phase (glass
ceramic) materials considered for heat
exchangers. Several full-size heat-
exchanger honeycomb regenerator cores
[4 in. (10.1cm) in thickness by 22in.
(56 cm) in diameter] were fabricated and
compared to a suitable reference material,
Corning 9560 Aluminosilicate. The results
indicated that ZrMAS is significantly more
stable at 2,000° F (1,093° C), in the
presence of sodium, and has similar
thermal-expansion behavior to the refer-
ence material.

Overall assessment of this new ma-
terial, ZrMAS, indicates that it is a viable
candidate for heat-exchanger applica-
tion in automotive gas-turbine engines
and possibly other areas that require
dielectric materials of moderate refrac-
toriness, good corrosion resistance, and
excellent thermal-shock resistance.

This work was done by T. P. Herbell of
Lewis Research Center. and H. W.
Rauch and L. R. McCreeght of General
Electric Co. Further information may be
found in NASA CR-159678 [N81-
14082/NSP], “Improved Ceramic Heat
Exchanger Materials" [$7.50). A copy
may be purchased [prepayment re-
quired] from the National Technical In-
formation Service, Springfield, Virginia
22161.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center [see page A5).
Refer to LEW-13068.




Books and Reports

These reports, studies, and hand-
books are available from NASA as
Technical Support Packages (TSP's)
when a Request Card number is
cited; otherwise they are available
from the National Technical
Information Service.

Resistance of Some
Steels to Stress-
Corrosion Cracking

Five high-strength low-alloy
steels are highly resistant.

Evaluations of the stress-corrosion
cracking resistance of five high-strength
low-alloy steels are described in a report
that is now available. Specimens of
4130, 4340, H-11, D6AC, and HY140
were stressed up to 100 percent of their
yield strengths and were exposed to
alternate immersion in saltwater, salt
spray, and the environments of Alabama
and the Florida seacoast.

The steels were heat-treated to vari-
ous tensile strengths and were found to
be highly resistant to stress-corrosion
cracking (i.e., failures were not encoun-
tered at stress levels up to 75 percent of
their ultimate tensile strengths) as
follows:

*4130 and 4340 — below 1,240 MPa
(180 ksi);

*H-11and D6AC — 1,450 MPa (210 ksi);
and

*HY140 — 1,020 MPa (148 ksi).

Except for DBAC and HY 140, which were

tested only at the indicated strengths, the

alloys were found to be susceptible to

stress-corrosion cracking at stresses

above these tensile strengths, and the

susceptibility increased with increasing

tensile strength.

The long and short transverse grain
directions were more susceptible to
stress-corrosion cracking than the longi-
tudinal direction. Exposure to alternate
immersion in saltwater or salt spray for
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longer than 1 month and exposure to the
seacoast environment for longer than 3
months caused severe nonuniform cor-
rosion and pitting that interfered with the
interpretation of test results.

This work was done by T. S.
Humphries and E. E. Nelson of Marshall
Space Flight Center. Further informa-
tion may be found in NASA TM-78276
[N80-25413/NSP),"‘Evaluation of the
Stress Corrosion Cracking Resistance of
Several High Strength Low Alloy Steels"
[$7.50]. A copy may be purchased [pre-
payment required] from the National
Technical Information Service, Spring-
field, Virginia 22161.

MFS-25470

Fatigue in
Multidirectional
Composites

Tests reveal how
multidirectional
graphite/epoxy composites
behave under cyclical
loads.

Data in a new report on fatigue prop-
erties of graphite/epoxy composites
should prove valuable to the designers
of aircraft, space vehicles, and auto-
mobiles. Graphite/epoxy composites are
being used increasingly in lightweight
load-bearing structures, and the fatigue
of such structures is always a major
concern of designers.

The data apply to multidirectional
graphite/epoxy composite laminates, in-
cluding [0+ 30]gs, [0/ +45/90]45, and
[0/ £ 45/0]45, in which the O ply repre-
sents the strongest direction when load
is applied parallel to this direction. Such
multidirectional composites are in con-
trast to unidirectional composites, in
which all plies are oriented in the same
direction. Both notched and unnotched
specimens were tested under cyclically-
varying tension loads, compression
loads, and tension-to-compression
loads.

For unnotched specimens, the fa-
tigue limit is between 50 and 70 percent
of the static ultimate strength, de-
pending on the orientation of the lami-
nate plies relative to the stress axis. Uni-
directional graphite/epoxy composites,
on the other hand, are insensitive to cy-
clical loads; they retain virtually all their
static strength under fatigue conditions.
However, unidirectional composites are
prone to failure under off-axis loading,
such as shear and torsional loading,
since such loads cause failure of the
weak fiber/matrix interface and hence
the composite itself.

For some notched multidirectional
composites, fatigue strength in tension
cycling is higher than it is in the un-
notched case: The stress concentration
at the notch is relaxed over many
tension-loading cycles. Under ten-
sion/compression cycling, fatigue dam-
age in all the laminates propagates from
the edge notches into the interior of the
specimen; the specimen fails when a
critical amount of damage builds up
ahead of the notch root.

The fatigue tests were made on
150-mm-long specimens. The notched
specimens were 25 and 50 mm wide,
and the unnotched specimens were
9.5 mm wide. The fatigue limit was de-
fined as the stress amplitude at 5 million
cycles. The overall test results for the
[0 + 30]gg laminate were expressed as a
constant-life diagram showing the
relationship between mean stress and
stress amplitude.

Strain in the specimens was meas-
ured by an extensometer. Crack growth
from edges was continuously monitored
by a crack-opening displacement gage.
A film of aluminum and a fine gold grid
on the specimen surface revealed trans-
verse cracks and surface damage. X-ray
photographs were made after given
numbers of cycles so that researchers
could study damage propagation and
identify failure modes and mechanisms.

This work was done by S. V. Ramani
and D. P. Williams of Ames Research
Center. To obtain a copy of the report,
Circle 37 on the TSP Request Card.
ARC-11396.
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Processing Materials
in Space

Experiments with potential
commercial paybacks are
proposed.

A suggested program of material-
processing experiments in space is de-
scribed in an 81-page report. The goals
of the program are:

*To learn more about terrestrial material
processes by studying them in the ab-
sence of gravity and

*To determine whether material proc-
esses that benefit by a zero-gravity or
ultra-high-vacuum environment can be
carried out on a commercial basis in
space.

Experiments in crystal growth cover
growth from a melt, solution, vapor, or
floating zone. Metallurgical solidification
experiments cover casting, directional
solidification, and undercooling. Con-
tainerless processing is the focus of ex-
periments on nucleation and solidi-
fication, shaping and forming, and ther-
mophysical measurements. The sub-
jects of fluid- and chemical-process
studies are bubble and drop dynamics,
fluid dynamics, and thermophysical and
physicochemical phenomena. The stud-
ies of biological separation processes in-
clude experiments on electrokinetic
separation.

For each experiment, the report dis-
cusses the influence of such gravita-
tional effects as convection, buoyancy,
sedimentation, and hydrostatic pres-
sure. The report contains estimates of
the power and mission duration required
for each experiment. It lists the nec-
essary equipment and the appropriate
spacecraft — whether Space Shuttle,
Spacelab, or Materials Experiment Car-
rer.

Potential commercial applications are
tabulated. For example, the crystal-
growth studies may aid in manufacturing
infrared detetors, nuclear detectors, and
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solar cells. The solidification-process ex-
periments may contribute to the produc-
tion of dispersed composites, directional-
ly alined materials, metal foams, and
superconductors. Experiments on bio-
logical separation processes may im-
prove production methods for purified
hormones, enzymes, and vaccines.

This work was done by Lowell K.
Zoller of Marshall Space Flight Cen-
ter. To obtain a copy of the report,
““Materials Processing in Space (MPS)
Program Description,”’ Circle 38 on
the TSP Request Card.

MFS-25667

Strength of Rewelded
Inconel 718

Repeated repair welds do
not affect joint strength.

Inconel 718, the nickel-based alloy
used extensively for high-temperature
structural service, can be welded re-
peatedly without detriment to its
strength. According to a NASA report,
tests show that 12 repairs on the same
weld joint do not adversely affect
ultimate tensile strength, yield strength,
fatigue strength, metallurgical grain
structures, or the ability of the weld joint
to respond to postweld heat treatments.

However, at some point between the
6th and 12th welds, a loss of ductility
appears. Elongation at break is reduced
by about 50 percent — an effect that is
attributable to a notch that develops on
both sides of a weld joint after repeated
repairs. The notches act as stress con-
centrators that produce a net loss in
ductility.

For the tests, plates of Inconel 718
were butt-welded at intervals. Then
selected sections of the butt welds were
rewelded 2, 6, and 12 times. Coupons
were cut from the welded plates to yield
specimens containing longitudinal or
transverse welds. The specimens were
subjected to tensile stress tests or

fatigue tests. For the tensile tests, the
plates were % inch (0.63 cm) thick; and
for the fatigue tests, they were 2 inch
(1.27 cm) thick. Tungsten/inert-gas
welding with Inconel 718 filler wire and
argon shielding gas was used to form
the joints.

For the longitudinal specimens, the
original welds were 2 inches (5 cm) long;
and the repair welds were 1 inch
(2.5 cm) long, centered in the original
weld. For the transverse specimens, the
original weld was 6 inches (15.2 cm)
long, and three 1-inch welds were super-
imposed on the original. The plates were
heat-treated and age-hardened, where
necessary, before the original welds
were made, so that they were all in the
same metallurgical condition before the
repair-welding experiments. A similar
treatment was applied after each repair
weld.

Regardless of the number of times
specimens had been rewelded, they
showed negligible change in strength
compared with single-weld specimens.
Fatigue strength was similarly unaf-
fected; but elongation at break was
markedly lower for the 12-times-
rewelded specimens, dropping to 9.7
percent from the 17-percent value
recorded for 6-times-rewelded speci-
mens. In metallurgical examinations, no
anomalies were found in either the
fusion zone or the adjacent base materi-
al — no porosity, cracks, lack of weld
penetration, or deleterious grain struc-
tures.

The tests indicate that rewelding of
Inconel 718 is acceptable. Such re-
welding is often necessary in complex
structures, since Inconel 718 is a dif-
ficult material — it flows only sluggishly
when molten, and such defects as inclu-
sions and incomplete fusion frequently
appear. Apparently, rewelding to correct
the defects does not harm the material.

This work was done by E. O. Bayless,
C. V. Lovoy, M. C. Mcllwain, and
P. Munafo of Marshall Space Flight
Center. 7o obtain a copy of the report,
Circle 39 on the TSP Request Card.
MFS-25649
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Hydrazine-Compatible
Elastomer

Hydrazine hardly reacts
with ethylene propylene
diene monomer, even at
high temperatures.

Ethylene propylene diene monomer
(EPDM), also known as material
AFE-411, has been tested for compati-
bility with hydrazine at temperatures up
to 400° F (204° C). According to a
report on the tests, EPDM is the most hy-
drazine-compatible material among
elastomers. It has strong potential as a
valve-seat and O-ring seal with hydra-
zine (N2Hg4), especially at high
temperatures.

The tests were performed to deter-
mine the thermal compatibility and basic
mechanical-property changes of EPDM
in extended exposure to hydrazine.
Compatibility was determined in a liquid-
phase exothermic test, in which heat
generated by exothermic reactions was
measured by evaluating the sensible
heat changes in a chamber containing
EPDM and hydrazine. An immersion test
was used to determine changes in ten-
sile strength, elongation, hardness,
weight, and dimensions: EPDM samples
were submerged in hydrazine at a given
temperature for a predetermined period,
and the preimmersion and post-
immersion mechanical properties were
measured.

In the liquid-phase exothermic test, a
hydrazine-EPDM exothermic reaction
produced about 0.43 Btu (450 joules)
over a 16-minute period at an initial tem-
perature of 314° F (157° C), and the
reaction subsided after 16 minutes.
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Raising the initial temperature to 404° F
(207° C) produced an exothermic reac-
tion that generated about 1 Btu (1 kilo-
joule) over a 30-minute period.

Immersion in hydrazine for 30 days at
150° and 300° F (66° and 149° C) pro-
duced no significant change in tensile
strength. Increases in elongation of
approximately 20 percent and 22 per-
cent were measured for exposures at
150° and 300° F, respectively. Hard-
ness decreased approximately 2 per-
cent after the 150° F exposure and in-
creased approximately 11 percent after
the 300° F exposure. Only small in-
creases — 2 percent or less — were
measured in weight and thickness.

This work was done by Orville F.
Markles and Thomas G. Dye of Rockwell
International Corp. for Johnson Space
Center. To obtain a copy of the test
report, Circle 40 on the TSP Request
Card.

MSC-20007

XPS Study of Oxide/GaAs
and SiO2/Si Interfaces

X-ray photoelectron
spectroscopy shows
complexity introduced by
mixed oxides in the
interface with GaAs.

Concepts developed in a study of the
SiO2/Si interface [see ‘“XPS Study of
SiO2 and the Si/SiO2 Interface"
(NPO-14968) on page 281 of NASA Tech
Briefs, Vol. 6, No. 3] have been applied to
an analysis of the native oxide/GaAs
interface. High-resolution X-ray photo-
electron spectroscopy (XPS) has been

combined with a precise chemical-pro-
filing technique and resolution-enhance-
ment methods to study the stoichi-
ometry of the transitional layer. The
results are presented in a report that is
now available.

Metal-oxide-semiconductor (MOS)
devices require a chemically stable in-
terface between the oxide and the semi-
conductor. In silicon technology, the
amorphous nature of the silicon dioxide
(SiO9) film allows the structure to ac-
commodate lattice mismatches at the
SiO2/Si interface. For the compound
semiconductor gallium arsenide (GaAs),
however, the structure of the oxides is
not as simple.

The key observation from the XPS
study of the native oxide/GaAs interface
is the complexity introduced by the large
number of different oxide species. Not
only the stable GapO3 and As203
observed but evidence for such mixed
oxides as GaAsOp, GaAsOgz, and
GaAsO4 is found. The presence of
arsenic metal is also indicated from
analysis of the As 3d spectra.

The profile data demonstrate that the
native oxide is not vertically homogene-
ous. Towards the oxide surface, a mix-
ture of As oxides and Ga oxides is found.
As the oxide/GaAs substrate interface is
approached, arsenic metal and pri-
marily Ga oxides are found. This layer of
Ga oxide is structurally and/or
chemically distinct from the Ga oxides in
the mixed region.

This work was done by Frank J.
Grunthaner, Paula J. Grunthaner, Richard
P. Vasquez, Blair F. Lewis, Joseph
Maserjian, and Anupam Madhukar of
USC for NASA’s Jet Propulsion
Laboratory. To obtain a copy of the
report, Circle 41 on the TSP Request
Card.

NPO-14969
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Low-Noise Implantable Electrode
A pocket configuration isolates the electrode/electrolyte

interface from body tissue.

Ames Research Center, Moffett Field, California

A new implantable electrocardiogram
electrode is much less sensitive than
previous designs to spurious biological
potentials. Designed in a novel “‘pocket"”
configuration, the new electrode is in-
tended as a sensor for the radioteleme-
try of biological parameters in experi-
ments on unrestrained subjects.

The key element in the electrode,
shown in the figure, is an electrically
conductive pocket with a large mouth
that permits the influx of conductive
body fluid so that electrical current can
reach the inner pocket surface. The
pocket resembles a squashed cylinder
that is open at one end and closed at the
other. An electrical lead at the closed
end carries the sensed biopotentials to
radiotelemetry circuits.

The exterior and the mouth of the
electrode are covered with silicone so
that the only part of the electrode in elec-
trical contact with the electrolyte is the
interior of the electrode assembly. Thus
the electrode/electrolyte interface is
kept separate from body tissue. With
previous electrodes, the rubbing of tis-
sue against the active conductive sur-
face generates artifacts on the baseline
electrocardiogram.

Cloth strips, bonded to the pocket by
its silicone coating, permit the electrode
to be securely sutured to adjacent tis-
sue. Additional cloth strips relieve stress
on the telemetry lead.

In a comparison of the new unit with
loop and disk electrodes usually used for
implantation, pairs of electrodes were
immersed in a saline bath, and one of
each pair was rubbed between two fin-
gers in a simulation of electrode/tissue
motion in an active subject. The loop
electrode generated more artifacts, by
at least an order of magnitude, than the
disk electrode. Neither baseline shifts
nor oscillations were observed with the
new pocket electrode.
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Implantable ECG Electrode, shown here in plan view and cross section, is essentially a
squashed cylinder that admits body fluid into its interior. The cylinder and electrical lead
are made of stainless steel. Spot welding and crimping are used for assembly, rather than

soldering.

This work was done by Gorden F.
Lund of Ames Research Center. For
further information, Circle 42 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 A5).
Refer to ARC-11258.
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Moving-Surface Follower Aids Microsurgery
Surgical implements are precisely positioned

in moving tissue.

NASA's Jet Propulsion Laboratory, Pasadena, California

A novel manipulator follows the move-
ments of arteries and muscles, enabling
precise placement of a probe or other
microsurgical tool in the moving tissue.
The microprobe assembly is mounted
on the output of the pneumatic servo of
a commercial noncontacting thickness
gage. Pulsations of the tissue surface to
be penetrated by the probe are sensed
by the gage and followed by the servo,
eliminating relative motion between the
tissue and the probe.

LINEAR
VARIABLE-DIFFERENTIAL

El / TRANSFORMER
[

30 psi 2
10 kN/m
PROBE 210 4

REFERENCE
CHAMBER

CONTROL
PRESSURE
CHAMBER

PISTON
ROD
HOSE

SENSING

ORIFICE
- AIRGAP

WORKPIECE%‘% 1

Figure 1.The Pneumatic Servo of the
noncontacting thickness gage main-
tains a nearly constant airgap between
the workpiece and the nozzle by re-
sponding to changes in back pressure in
the sensing orifice.

A cross section of the pneumatic
servo is shown in Figure 1. Air at a regu-
lated pressure is fed to the reference
chamber and to the sensing orifice of
the nozzle. If the workpiece surface is
within the sensing range of the orifice,
the escaping air is impeded by the sur-
face, giving rise to a back pressure that
is transmitted up the tube and into the
control chamber. If the nozzle is too
close to the sensed surface, the back
pressure exceeds the reference pres-
sure, causing the nozzle to move up and
away from the workpiece. Similarly, the
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Figure 2. The Sensing Assembly and Servo Probe Control sense arterial, muscular, or
other bodily motion and move the probe so as to maintain a constant position relative to

the moving tissue.

back pressure will be lower, and the noz-
zle will move down if it is too far from the
workpiece. Thus, the pneumatic servo
maintains a constant gap between the
nozzle and the sensed surface.

The probe-retract valve is closed dur-
ing normal operation. When it is opened,
the control chamber is fully pressurized,
raising the nozzle away from the work-
piece. A linear variable-differential trans-
former attached to the piston rod is pro-
vided in case position measurements
are desired. For example, it could give
an indication of arterial motion during
use.

Figure 2 shows the servosystem cou-
pled with a follower assembly in a
system designed to sense arterial mo-
tion. The stirrup rests on the artery while

the guides and sensing cup transmit
arterial motion to the sensing nozzle.
The follower assembly is made from
thin-wall stainless-steel tubing and thin
sheet and has a mass of about 2 grams.
The probe mounts to the bracket
clamped to the sensing nozzle. For ac-
curacy, the probe penetrates the arterial
wall close to the stirrup.

This work was done by Cyril
Feldstein and Thomas W. Andrews of
Caltech and Donald W. Crawford and
Mark A. Cole of the University of South-
ern California for NASA’s Jet Propul-
sion Laboratory. For further infor-
mation, Circle 43 on the TSP Request
Card.

NPO-15197
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Portable Radiometer Identifies Minerals in the Field
Field unit determines spectral reflectance ratios.

NASA's Jet Propulsion Laboratory, Pasadena, California

A hand-held optical instrument aids in
identifying minerals in the field. It can be
used in exploration for minerals on foot
or by aircraft. The instrument — a
radiometer — is especially suitable for
identifying clay and carbonate minerals.
It bases its identifications on the charac-
teristic distributions of wavelengths in
Sunlight reflected by minerals. For ex-
ample, kaolinite absorbs and reflects
Sunlight at micrometer wavelengths
with a spectral pattern different from
those of other layered silicates, such as
montmorillonite or alunite (Figure 1).

Essentially, the radiometer measures
the reflectances of a mineral at two
wavelengths, computes the ratio of the
reflectances, and displays the ratio to
the user. The user then looks up that
value in a table to find out to what
mineral it corresponds. If there is any
ambiguity — if the value is close to those
for two or more minerals, the user can
repeat the reflectance ratio measure-
ment for two other wavelengths. The
mineral that is common to both ratio
values is thus identified.

By determining ratios rather than ab-
solute values of reflectance, the radiom-
eter eliminates the effects of variations
in the intensity of the Sunlight that falls

(| L | . |
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Figure 1. Reflectance Spectra of kaolinite,
montmorillonite, and alunite are markedly
different in the 2.0-to-2.4um range of
wavelengths shown here. The vertical
bars on the horizontal scale represent
band-pass wavelengths of four filters
commonly used in the mineral-iden-
tification radiometer.

reflected light at a given wavelength will
depend on the brightness of the illumina-
tion, the ratio of the intensity at any two
wavelengths will be essentially constant
regardless of the brightness. Even when
the Sun is partly obscured by high cirrus
clouds, reflectance ratio differs from
that when the sky is clear by no more
than a few percent. Of course, the
radiometer should be aimed at an area
that is relatively free of shadows.

The radiometer contains two optical
trains, each having two repeater lenses
and a cooled lead sulfide detector
(Figure 2). Each train is intersected by a
filter wheel containing five interference
filters. The filters pass light within a nar-
row wavelength band — some as nar-
row as 0.01 um — at selected wave-
lengths between 0.4 and 2.5 ym. For
compactness, the wheels are coaxial;
slots in each allow light to pass un-
impeded through a filter in the other. The
detected signals are amplified in
separate channels and applied to an
analog divider circuit and digital display
circuit.

The total time for a calibration and
measurement is only a few seconds.
The user connects the radiometer to a
battery pack and turns each of the filter

on the mineral. While the intensity of the (continued on next page)
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Figure 2. Dual Optical Trains provide electrical signals representing the reflectance of an unknown mineral at two different wavelengths.
Electronic circuitry computes and displays the ratio of the two reflectances.
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wheels (by knobs at the base of the in-
strument) to position filters at the
desired wavelengths in the optical
trains; for example, 2.17 um in one train
and 2.20 um in the other. To calibrate the
radiometer, the user aims it at a highly-
reflective optical reference standard,
such as Fiberfrax white ceramic wool,
and adjusts channel gain so that the
digital readout shows 1.00.

The user then aims the instrument at
the mineral in question. For example, if
the readout shows 1.20 for the 2.17- and
2.20-um filters, montmorillonite would be
suggested by a table of ratio values. If
the user changes the filters to 2.20 and
2.22 ym and the readout shows 0.94, the
table would confirm that montmorillonite
is the mineral.

This work was done by Alexander
F. H. Goetz and Richard A. Machida of
Caltech for NASA's Jet Propulsion
Laboratory. For further information,
Circle 44 on the TSP Request Card.

Title to this invention has been waived
under the provisions of the National
Aeronautics and Space Act [42 U.S.C.
2457(f), to Caltech.

NPO-15234

Anchor for Fiberglass Guy Rod

An aluminum fitting attaches securely

to the rod end.

NASA's Jet Propulsion Laboratory, Pasadena, California

Fiberglass rods are excellent for guy-
ing antenna support structures, be-
cause the fiberglass is transparent to
radio waves and therefore does not
distort the radiation pattern. It is also
strong, light, and weatherproof. How-
ever, anchoring the rods is difficult.

A solution to this problem is to install a
nut with threads on the outer circum-
ference, followed by an aluminum
sleeve. As the figure shows, the sleeve
has an opening that is oval at its upper
end and round at the bottom end.

Next, the end of the rod is split so that
a fiberglass wedge can be inserted to
form a V-shaped end. The spread end of
the rod fits into the tapered hole in the
sleeve, and then a threaded aluminum
coupling is put over the rod and sleeve.
This coupling is screwed over the nut,
thus holding the encased rod captive.
The fitting then can be fastened to an-
other structure to hold the rod in tension.

This work was done by Abraham H.
Wilson of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further infor-
mation, Circle 45 on the TSP Request
Card.

NPO-14970
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This Tension Rod Anchor holds a fiberglass guy rod firmly for use in supporting antenna

feeds or structures.
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Water-Vapor Sample Holder for Mass Spectrometers

A sample of ambient air is captured
for use as a calibration standard.

NASA's Jet Propulsion Laboratory, Pasadena, California

A metal sample holder introduces the
reference standard sample of water
vapor into a mass spectrometer. It con-
tains a known volume that is sealed with
a thin aluminum disk. The disk is punc-
tured to inject the water vapor into the
mass spectrometer.

The holder, shown in the figure, con-
tains a sample of ambient air before the
cap is attached. Thus, the sample cap-
tured when the cap is attached contains
a sample of water vapor in the air.
Because the relative humidity of the
local atmosphere is measurable, the
sample has a known composition that
can be used in calibrating the peaks pro-
duced by mass spectroscopy.

The sample holder will be used in
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This Water-Vapor Sample Holder for a
mass spectrometer contains water vapor
for calibration. It is sealed by an
aluminum disk. The calibration sample
and the integrated circuit modules are
tested sequentially in the same manner.

quality assurance testing and analytical
testing of the water-vapor content of
failed integrated-circuit modules. The
modules and sample holders are heated
for 24 hours in a high-vacuum chamber
before they are punctured and the gas
directed to the mass spectrometer for
analysis. One of the gases of interest is
water vapor, which is a significant con-
taminant of the modules. The water-
vapor sample holder passed hermeticity
testing in each of two trials.

This work was done by Ray F. Haack
and William W. Reilly of Caltech for
NASA’s Jet Propulsion Laboratory.
For further information, Circle 46 on
the TSP Request Card.

NPO-15007

Measuring Hydrogen Properties in Aluminum

Real-time measurements of gas evolution
are correlated with porosity data.

Langley Research Center, Hampton, Virginia

A system in use at Langley Research
Center measures the concentration and
diffusion coefficient of hydrogen in pure
aluminum. Its principal components are
a high-temperature (0 to 1,500° C) ultra-
high-vacuum furnace and a quadrupole
mass spectrometer. The system oper-
ates ata base pressure of 1 x 10-11 torr.
Quantities of hydrogen and other gases
that evolve from the heated metal are
measured in real time and correlated
with data on aluminum porosity.

The technique permits the measure-
ment of solubility, diffusion coefficients,
and outgassing rates of gases in low
vapor pressure materials either in solid
or liquid phase. Measurements can be
made with any material that does not
contaminate the vacuum system. Fur-
ther, the technique permits the separa-
tion of bulk gases from those desorbing
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from the sample surface. Since it utilizes
a mass spectrometer under ultra-high-
vacuum conditions, it can detect any
desorbing gas with a sensitivity ap-
proaching 1 ppb. The real-time measure-
ment of evolving gases also allows the
study of kinetic effects of both surface
and bulk mechanisms occurring during
the desorption interval.

Using the system, a statistical analy-
sis of the porosity in 99.995-weight-per-
cent pure commercially-available cast
aluminum has been correlated with real-
time hydrogen evolution data, to esti-
mate the hydrogen partitioning in solid
solution, in the porosity, and on the sur-
face of the aluminum. The hydrogen
evolves initially from the aluminum sur-
face, along with carbon monoxide and
water, followed by large hydrogen pres-

sure pulses (due to the rupture of gas-
filled pores near the surface) super-
imposed on a smooth steady desorption
from solid solution. The rupturing pores
were observed visually and found to oc-
cur both in the solid state and after
melting. After the train of gas pulses,
the hydrogen signal dramatically
decreases.

An analysis of pore- and pulse-size
distributions indicates more than 99 per-
cent of the bulk hydrogen is partitioned
in pores greater than 25 um. The total
hydrogen content in the pores and in
solid solution is 6.3 x 1017 atoms/cm3
or 10.5 ppm (atomic).

This work was done by R. A. Outlaw of
Langley Research Center. For further
information, Circle 47 on the TSP Re-
quest Card.

LAR-12906
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Three-Dimensional Air Curtains

Gas flow would partition a large

volume into separate spaces.

Lyndon B. Johnson Space Center, Houston, Texas

A proposed scheme for gas ‘‘cur-
tains” would partition a large volume
into several separate spaces. The con-
tainment concept was originally devel-
oped for possible use on the Space Shut-
tle main engines, where it would provide
a dynamic barrier of nitrogen to prevent
cold engine gases from reaching the aft
fuselage skin, where they could cause
tile freezing. The concept may also be
useful in such terrestrial applications as
unobtrusive isolation of smoking and
nonsmoking sections in restaurants and
offices. In general, the scheme is
suitable for the isolation of objectionable
or hazardous gases in a free space.

For the Space Shuttle, a circular man-
ifold would be constructed around each
main engine. Nitrogen would flow from
holes 0.1 inch (2.54 mm) in diameter.
The holes would point forward and be
spaced at 3-inch (7.62-cm) intervals. The
nitrogen jets issuing from the holes
would coalesce, forming a nitrogen cur-
tain that entrains the cold engine gas,
carrying it forward.

To isolate a smoking area in a com-
mercial building, air would flow from
orifices in the floor (see figure). Rows of
orifices 2 inches (5 cm) in diameter
would delineate the smoking area. Exit-
ing from the orifices at a maximum ve-
locity of 4.8 ft/s (1.5 m/s), jets of air would
form curtains that carry off the smoke-
laden air and prevent it from mixing with
air in the adjacent nonsmoking areas.
The 4.8-ft/s velocity ensures that the cur-
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Smokers Are Separated From Nonsmokers by curtains of air issuing from orifices in the
floor. An additional gentle flow of air through the rug aids the removal of air from the

smokers’ volume.

tains entrain air effectively without dis-
turbing the occupants.

Channels in the ceiling would allow
the curtain air and its entrained gases to
be removed. The area of the plenum
above the exhaust should be at least 100
times the total orifice area. An exhaust
velocity of at least 30 ft/min (0.15 m/s)
and a plenum suction of 4 inches of

water (1 kN/m2) below atmospheric
pressure will ensure adequate air
removal.

This work was done by James G.
Stephenson and Charles E. Daniher, Jr.,
of Rockwell International Corp. for
Johnson Space Center. No further
documentation is available.

MSC-20058

Reentrant-Groove Hydrogen Heat Pipe

Novel configuration of extruded, axially grooved tubing
reduces cryogenic fluid charge and increases wicking height.

Ames Research Center, Moffett Field, California

Aluminum heat pipe can be extruded
with reentrant axial grooves, which give
better overall performance than conven-
tional rectangular grooves. The reen-
trant grooves increase the wicking
height of cryogenic fluids and also lower
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the amount of fluid charge that is re-
quired.

The reentrant grooved tube is shown
in the figure. The basic 6063-T6 alumi-
num extrusion has a 14.6-mm outside
diameter, with a wall thickness of 1.66

mm, and contains 20 axial grooves that
surround a central 9.3-mm-diameter va-
por core. Each axial groove is 0.755 mm
in diameter, with a 0.33-mm opening
formed by pinched rounded fin tips.
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The heat pipe was tested at room
temperature with varying charges of
ammonia working fluid. Once the proper
charge had been determined, the heat
pipe was filled with research-purity
hydrogen and tested in a thermal vacu-
um chamber using a liquid-helium cool-
ing system. The hydrogen test program
was designed mainly to develop a per-
formance map for the heat pipe, at the
nominal 20 K operating temperature.

Transient effects in cooling down the
hydrogen heat pipe were measured
without an evaporator heat load. Heat-
pipe action started about 2%2 h into the
cooldown, as evidenced by the conver-
gence of evaporator, transport, and con-
denser temperatures within the ex-
pected 15 to 33 K operating range. The
steady-state performance data, taken
over a temperature range of 19to 23 K|
indicate a static wicking height of 1.42
cm and a maximum transport capacity
of 5.4 W-m.

As a final test, the startup of heat-pipe
operation from a completely frozen con-
dition was also successfully demon-

HEAT-PIPE
TUBE

MAGNIFIED SECTION
OF A SINGLE
REENTRANT GROOVE

The Reentrant Grooves in this aluminum heat pipe shown in cross section impart better
performance than rectangular grooves, at a lower fluid inventory.

strated. The heat pipe was kept frozen
for 3 h by holding the condenser at ap-
proximately 12 K with a 0.20-cm ad-
verse tilt. Then a 1.8-W evaporator heat
load was applied, and within 5 min the
heat pipe was operational at 15 K.

This work was done by Joseph Alario
and Robert Kosson of Grumman

Aerospace 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 A5)
Refer to ARC-11381.

Reflective-Shield Radiative Cooler
Angled thin reflectors form cavity radiators

that reflect heat out into space.

NASA's Jet Propulsion Laboratory, Pasadena, California
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Thin Reflecting Films, set at angles to
create triangular cavities, are effective in
deflecting heat flow.
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Recent tests show that a radiative
cooler consisting of several thin re-
flective shields with a slight angle be-
tween them redirects the flow of heat
very effectively. As shown in the figure,
heat that flows toward the surfaces of
the shields enters a triangular cavity and
is radiated out to the side.

Experiments have confirmed the ef-
fectiveness of this heat-shielding tech-
nigue. The shields were aluminized poly-
ester, supported by polyester cords with
an angle of about 1.5° between them.
The experimental data provided calibra-
tion points for a theoretical model that

can be used in the design of units for
spaceborne radiative coolers and other
applications.

The shield can be used for deflecting
virtually any level of thermal radiation in
vacuum. In air, only relatively high in-
tensity thermal radiation can be de-
flected by this technique; but even so, it
may be useful in constructing reflecting
baffles in front of ovens or furnaces.

This work was done by Walt Petrick
and Ramon D. Garcia of Caltech for
NASA’s Jet Propulsion Laboratory.
For further information, Circle 48 on
the TSP Request Card.

NPO-15465
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Transducer System Traces Mine-Face Curve

Automated system measures angles

between track sections.

Marshall Space Flight Center, Alabama
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Angles Are Measured between adjacent track sections by means of the phase difference between the outputs of the two transducers.
The distance transducer is an incremental optical encoder.

An electromechanical system is
capable of obtaining contour informa-
tion on a longwall coal face while a
longwall shearer mines coal. Two heavy-
duty angle transducers 2.5 feet apart
are attached to a common reference
surface and operate in conjunction with
a distance encoder to measure the
angle between adjacent track sections
along the coal face.

As the machine travels, angle and dis-
tance measurements are transferred to
the memory of a commercial automatic

control unit (see figure). Uncertainties
that arise because of surface irregu-
larities are handled by taking many
measurements over short track dis-
tances. To eliminate bias errors due to
initial misalinement of the angle trans-
ducers, a large number of measure-
ments are made along each track sec-
tion, averaged, and subtracted from
subsequent angle measurements. Upon
completion of a run, the data are re-
trieved and processed by the controller
to generate the coal-face curve.

Under simulated conditions, track
position and angle parameters were
measured and compared with actual
values. The system calculated the curve
for a 150-foot (46-m) coal face to within
+ 8 inches (20 cm) of its true position
while moving at a rate of 10 feet/minute
(5 cm/s).

This work was done by Benton Corp.
for Marshall Space Flight Center. For
further information, Circle 49 on the
TSP Request Card.

MFS-25289

X-Ray Measurement of Tank Liquid Level

The liquid surface can be observed through a metal container
wall, allowing direct determination of quantities and changes.

Lyndon B. Johnson Space Center, Houston, Texas

X-rays can show the liquid level inside
a closed metal tank, thus offering a
direct measurement to replace such in-
direct measurement methods as weigh-
ing, refilling, or offloading. The technique
was first used for determining the levels
in propellant tanks on the Space Shuttle,
where it led to the explanation of pro-

424

pellant loss caused by stripping. Suc-
cessful results were obtained on single-
walled titanium tanks with wall
thicknesses up to 0.125in. (0.32 cm)
and on stainless-steel tanks with walls
0.250 in. (0.64 cm) in thickness. The
technique may work for other materials
and dimensions, however each case

would have to be confirmed by tests.
As shown in the figure, a commercial
portable X-ray source is used in the
measurement. The liquid appears as a
solid dark mass in the X-ray photograph,
so the source should be approximately
alined with the liquid level for accurate
results. Reference indicators made of
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DRAIN TUBE

X-Ray Measurement of liquid level produces a photograph in which the liquid appears as
a solid dark mass. A commercially-available portable X-ray machine is used.

lead may be taped on the tank at known
heights to help in obtaining accurate
results.

In the Space Shuttle tanks, pressuriz-
ing cycles are used to minimize the size
of gas bubbles in the liquid. X-ray
photographs taken after each cycle
showed that they produced a stripping
effect. Prior to the X-ray analysis, it had
been expected that as soon as the top of
the vent pipe opening was exposed, only
gas would be vented. In fact, however,
propellant was vented also because of
the stripping effect. To avoid that loss,
the loading technique was modified by
slowing the vent rate to less than 5 psi
per minute (0.6 kN/m2s).

This work was done by R. Gilbert
Macias of Rockwell International Corp.
for Johnson Space Center. No further
documentation is available.

MSC-18935

Heat and Pressure Seal for Doors

Refractory fibers provide resilience.

John F. Kennedy Space Center, Florida

A proposed tubular gasket for doors
performs a dual function: It seals in
pressure, and it seals out heat. Com-
posed of a quartz fabric filled with alu-
mina matting, the gasket is bonded with
a room-temperature-vulcanizing mate-
rial to the periphery of the door (see fig-
ure). When the door is closed, the gasket
is compressed like an O-ring so that it
fills the gap between the door and the
frame and prevents leakage of air and
heat.

The gasket is under consideration as
a seal for a vent door on the Space
Shuttle. It is 30 percent lighter than the
seal previously used, withstands higher
temperatures [up to 2,800° F (1,540° C)],
and allows the door to be closed with less
force. It may be suitable for other
spacecraft and commercial aircraft. It
may find automotive applications too, for
example, as an exhaust manifold closure
when a car is converted from a V-eight to
a V-four engine.

This work was done by Charles A.
Gillespie of Rockwell International Corp.
for Kennedy Space Center. No further
documentation is available.

KSC-11216
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Determining Shear Moduli of Orthotropic Composites

Tests show that composites differ substantially from
conventional materials under torsional shear.

Ames Research Center, Moffett Field, California

New torsion tests on specimens of
the same orthotropic composite materi-
al having at least two different thickness-
es enable the determination of the effec-
tive in-plane and out-of-plane shear
moduli. The moduli are calculated from
experimental data with elasticity-theory
equations that relate the applied torque,
torsional twist angle, specimen width/
thickness ratio, and the ratio of the two
shear moduli. The torsion tests were
developed to yield information on the
degradation of properties of a com-
posite saturated by moisture.

The tests were made on 2-mm-thick
commercially available specimens
measuring 100 mm in length and 6.3,
9.6, 12.5, and 15.8 mm in width. The
specimens were measured at a con-
trolled angle of twist on an electrohy-
draulic servo test unit. A torsional force
was applied at one end of a specimen,
and the torque developed was meas-
ured by a strain-gage torque cell at the
other end.

The angle of twist was determined by
a potentiometer associated with the
strain gage and by a noncontacting opti-
cal method. In the latter method, mirrors
were glued to the specimens along the
centerline. A low-power laser beam was
directed at a mirror in a direction normal
to the plane of the untorsioned speci-
men. The angle of twist was determined
by measuring the tangent of the angle
between the incident ray and the re-
flected beam.

The orthotropic model developed for
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Specimen Dimensions, Torsional Twist Angles, and Applied Torque were measured and
also calculated according to isotropic and orthotropic models, for specimens of a com-

mercial graphite/epoxy composite.

the test data provided a much better fit
than the conventional isotropic model
(see figure). The tests made clear that
both uniaxial and cross-ply composites
are not transversely isotropic, and the
difference between in-plane and out-of-
plane shear moduli should be taken into

account in structural design.

This work was done by H. Theodore
Sumsion and Yapa D. S. Rajapakse of
Ames Research Center. For further in-
formation, Circle 50 on the TSP Re-
quest Card.

ARC-11395

Self-Alining, Latching Joint for
Folding Structural Elements

A new center joint, consisting of a pair
of hinged hubs, alines column elements
automatically and fastens them together
securely. The paired hubs are attached
to a folded pair of column elements. Un-
til the columns are unfolded, spring-
loaded rings on the hubs restrain latches
that ultimately secure the assembly.
When released, the locking rings rotate
and engage teeth that latch the hubs
together.
(See page 440.)
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Simple Temperature Regulator for a
Cold Chamber

Heat flow into a chamber is controlled
and monitored by a simple temperature
regulator. An electronic circuit oper-
ating in conjunction with a refrigeration
unit holds the chamber at a selectable
temperature and lights a warning light if
the temperature exceeds a predeter-
mined level above the control tempera-
ture. To avoid cycling the unit on and off
too frequently, 3° C of hysteresis is built
into the control circuit.
(See page 371.)

Two-Speed Valve

A two-speed valve, permits fine con-
trol of flow as it is first opened yet opens
rapidly as it approaches full flow. For the
first part of valve opening, a nut is turned
on the screw, which advances the valve
stem at a rate determined by the differ-
ence between the thread pitch on the in-
side of the nut and the pitch on the out-
side. For the fast, final part of valve
opening, the nut contacts the valve shaft
and drives it directly.
(See page 448.)
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Books and Reports

These reports, studies, and hand-
books are available from NASA as
Technical Support Packages (TSP's)
when a Request Card number is
cited; otherwise they are available
from the National Technical
Information Service.

Wrinkling of Stretched
Films: Compressive Stress

Equations of motion are
derived for small
in-plane vibrations.

A recent report presents the deriva-
tion of equations of motion for wrinkles
forming in planar films under compres-
sive in-plane stress. This study was
prompted by the wrinkling of thin-film
solar-cell arrays with a consequent
reduction in collection efficiency. The
lack of an adequate theoretical under-
standing has made it difficult to design
large film structures and to specify oscil-
lation tests for large solar-array
systems.

The.basic physical model is a film suf-
ficiently thin so that its stiffness may be
ignored. The film buckles and wrinkles
whenever one attempts to apply a com-
pressive in-plane stress. The wrinkling
process allows the film to deform further
without any increase in applied stress;
that is, the film behaves nonelastically.

Mathematically, this behavior is re-
presented by requiring the terms for the
principal tensile stresses, o,; and o,,, to
be nonnegative under all conditions. The
resulting inequalities are satisfied by
transforming to a new representation of
the stress tensor in which new principal
stresses, o,, and o;;~, vanish whenever
0,y O o0i, respectively, becomes
negative.

The new stress tensor o" is sub-
stituted into the equations of motion for a
thin film. The equations are simplified
and applied to the case of small in-plane
vibrations transverse to the direction of
stretching in a rectangular film stretched
in one direction. The resulting equation of
motion resembles a standard wave equa-
tion except for the presence of a non-
linear term that represents the zero-com-
pressive-stress requirement.
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The equation is approximately solved
for both free and forced vibrations, using
the technique of equivalent linearization.
The solutions exhibit the effects of the
nonlinear wrinkling term: The ampli-
tudes of free vibrations increase and
their frequencies decrease relative to
vibrations in nonwrinkled films, while the
center of vibration shifts from the equi-
librium position toward the domain of
film contraction. In the case of motions
driven by external sources, the solution
predicts that symmetrical applied forces
produce nonsymmetrical vibrations. (Also
see the following article.)

This work was done by Michail A. Zak
of Caltech for NASA’s Jet Propulsion
Laboratory. To obtain a copy of the
report, Circle 51 on the TSP Request
Card.

NPO-15203

Wrinkling of Stretched
Films: Shear Stress

Mathematical analysis aids
understanding of wrinkle
effects in blanket/boom
solar arrays.

A new report presents a theoretical in-
vestigation of nonlinear shearing
characteristics of wrinkling films under
applied shear stress. In conjunction with
the document described in the pre-
ceding article, the report helps explain
the force/deflection characteristic of in-
plane boom and solar-array blanket
structural combinations. In addition, the
investigation has made it possible to
predict such nonlinear effects as the
dependence of frequencies of vibrations
on the vibration amplitude and the
emergence of regions of parametric
resonance between in-plane and out-of-
plane resonance.

Large-area film structures are being
deployed in the form of solar-cell arrays.
Structural problems not previously
known have arisen because of the
nature of films. One such problem is the
tendency of films to wrinkle under shear
stress. The wrinkles behave oddly: Their
force-vs.-deflection characteristic is
nonlinear, and so is the relation between
vibration frequency and amplitude.

The approach of the investigation was
to formulate the stress state of the film
as a function of the applied shear stress
and to use the stress state to develop an
equation of motion for the film wrinkling
that develops. The equation, which is
nonlinear, was then solved for particular
vibrational states by the method of
equivalent linearization.

This work was done by Michail A. Zak
of Caltech for NASA’s Jet Propulsion
Laboratory. 7o obtain a copy of the
report, Circle 52 on the TSP Request
Card.

NPO-15204

A Closer Look at
Track/Train Dynamics

A mathematical model is
developed for derailment
safety analysis.

A recent report describes an analyti-
cal approach to the question of opera-
tional safety for six-axle locomotives.
The essential mathematical elements
are a locomotive model with corre-
sponding data on suspension character-
istics, a method of track-defect charac-
terization, and quantitative measures for
characterizing operational safety.

The major derailment mechanisms
are flange climbing (in which the wheel
flange climbs up and over the top of the
rail) and gage spreading (in which a
track is pushed outward). (Vehicle roll-
over does not normally occur.) The
causes involve excessive lateral
wheel/track forces or vertical unloading:
Clearly, an evaluation of the safety of a
specific vehicle must therefore be con-
cerned with the forces between wheels
and rails.

The quantities related to dynamic
wheel/rail interactions include:

e ocomotive parameters describing
geometric properties, mass distribu-
tion, vibrational and rotational motions,
and suspension characteristics includ-
ing stiffness and damping;

eOperational parameters including
speed, tractive effort, lateral coupler
forces, and track parameters, espe-
cially curvature and superelevation;

and
(continued on next page)
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eTrack-geometry parameters describ-
ing deviations from nominal track con-
ditions with respect to cross-level,
alinement, surface, or gage.

The nonlinear equations of motion
containing these parameters are nu-
merically solved to develop a time his-
tory for each dynamic variable of the
particular locomotive and its specified
track and operating conditions. Of par-
ticular interest are the time histories of
the lateral/vertical (L/V) load ratios.
These ratios are measures of safety and
are monitored to determine whether
they exceed certain critical values in-
dicative of the risk of derailment:
eSingle-wheel LYV ratio representing the

tendency toward flange climbing;
eNet wheel-set L/V ratio representing

the tendency toward lateral track-panel
shift; and

*Truck-side L/V ratio representing the
tendency toward rail rollover and gage
widening.

The computer program developed for
this study automatically determines the
peak L/V ratios that occur during a simu-
lation. These values are printed out for
each of the 12 wheels, each of the 6
wheel sets, and each of the 4 truck
sides. Upon command, one can also ob-
tain a printout of all important system
variables at any instant or a plot of the
time history of any system variable.

The method was applied to the com-
parison of three different locomotives
operating at representative speeds and
track conditions. Since the model has
yet to be verified in tests, the absolute

values of measures of safety may be
questionable, though the relative effects
of parameter variations are considered
valid by the authors. With respect to
behavioral trends observed in previous
experimental tests, the model was found
to give a faithful representation of
locomotive behavior. One indication of
the value of the model is that it made
possible the simulation of the little-
understood large dynamic forces that
are observed on the trailing axle of the
trailing truck in real locomotives.

This work was done by P. P. Marcotte,
K. J. R. Mathewson, and Robert L. Berry
of Martin Marietta Corp. for Marshall
Space Flight Center. 7o obtain a copy
of the report, Circle 53 on the TSP Re-
quest Card.
MFS-25696

Computer Programs

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

Higher-Order Panel
Method for Aerodynamic
Flow Analysis

Linear potential-flow
properties about arbitrary
configurations are
predicted for subsonic or
supersonic flows.

PANAIR uses a higher-order panel
method to predict inviscid subsonic or
supersonic flows about an arbitrary con-
figuration. In general, a panel method
solves a linear partial differential equa-
tion numerically by approximating the
configuration surface with panels on
which unknown ‘‘singularity strengths”
are defined. Boundary conditions are
imposed at discrete points, and a
system of linear equations is generated
that relate the unknown singularity
strengths. The equations are then
solved for the singularity strengths,
which provide information on the
properties of the flow.
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PANAIR differs from earlier panel
methods by employing a ‘*higher-order”
panel method; that is, the singularity
strengths are not constant on each
panel. This is necessitated by the more
stringent requirements of supersonic
flow problems.

The potential for numerical error is
greatly reduced in PANAIR by requiring
the singularity strength to be continu-
ous. It is also this "higher order"” at-
tribute that allows PANAIR to be used to
analyze flow about arbitrary configura-
tions. PANAIR can handle the simple
configurations considered in the prelimi-
nary design phase and can later serve
as the “‘analytical wind tunnel,”” which
can analyze the flow about the final
detailed complex configurations.

The PANAIR system includes the fol-
lowing capabilities:

1. The ability to handle, within the
limitations of linear potential-flow
theory, completely arbitrary con-
figurations, using either exact or
linearized boundary conditions;

2. The ability to handle asymmetric
configurations as well as those with
one or two planes of symmetry;

3. The ability to handle configurations in
either symmetric or asymmetric flow;

4. The ability to superimpose an incre-
mental velocity on the free stream,
either locally or globally, to simulate
such effects as a rotational motion,
differing angles of attack for different
portions of a configuration, or a
propeller slipstream;

5. The ability to calculate pressures,
forces, and moments using a variety
of pressure formulas, such as isen-
tropic or linear (forces and moments
can be computed from pressure inte-
grations over the configuration sur-
face or from pressure and momentum
integrated over permeable control-
volume surfaces: the first approach
gives the sum of wave and vortex
drag, and the second approach
allows the wave and vortex drag to be
calculated individually);

6. The ability to calculate leading-edge
and side-edge thrust forces and
moments for thin configurations; and

7. The ability to design a configuration, a
process in which a desired pressure
or tangential velocity distribution at
the surface is specified and PANAIR
determines the ‘‘residual”’ normal
flow through the surface (the normal
flow is then used to revise the surface
geometry).

Most problems are modeled by
PANAIR with a minimum of user input. In
general, the aircraft surface is parti-
tioned into several networks of surface
grid points, such as a forebody network
or a wing network. The coordinates of
the input grid points are computed and
entered by the user (PANAIR does not
generate grid-point coordinates).
PANAIR connects the grid points in each
network with piecewise flat panels. The
user also supplies information concern-
ing the free-stream onset flow mach
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number, angle of attack, and angle of
sideslip.

Numerous flow quantities are com-
puted at points on the vehicle surface
and at points in space. These include
pressure coefficients, total and pertur-
bation values of velocity and mass flux
components, total and perturbation
potentials, local mach number, and
vacuum pressure coefficient. The pres-
sure coefficients on individual panels
are fitted with two-dimensional
quadratic splines and integrated to ob-
tain the three components of force and
the three moments in coefficient form.
These coefficients may be output for
each panel, for columns of panels, for
each network, or for any combination of
networks. The user has extensive con-
trol over the type and quantity of data
that are output during a PANAIR
analysis.

PANAIR includes advanced software
technology as well as advanced aero-
dynamic technology. It has been devel-
oped in accordance with an approach
that emphasizes modular and struc-
tured software. The separate modules of
PANAIR communicate with each other
only through a data base of information
on disk storage. A module-execution
control and data-management system
ensure that the PANAIR modules
execute and communicate properly.
This software design approach eases
maintenance since changes in one
module affect the other modules in a
clearly identifiable manner.

PANAIR is written in FORTRAN IV and
Assembler for batch execution on CDC
systems. It has been successfully in-
stalled and executed in the following
environments: CDC CYBER 175 under
NOS 1.3 and NOS 1.4, CDC 7600 under
SCOPE 2.1.3and SCOPE 2.1.4,and CDC
CYBER 750 and 760 under NOS/BE. The
largest program module in the PANAIR
system has a central memory require-
ment of approximately 145K (octal) of
60-bit words. The PANAIR system was
developed in 1980.

This program was written by Larry
Erickson, Ralph L. Carmichael, and Alan
D. Levin of Ames Research Center; A/
Magnus, Mike Epton, Pranab Baruah,
Bill Massena, John Bussoletti, Ken
Sidwell, Forrester Johnson, Joe Zeppa,
Glen Bates, Dick Clemens, Tom
Derbyshire, Dave Purdon, Dave Chiang,
Paul Rubbert, Frank Nelson, John Wai,
and Kiyoharu Tsurusaki of Boeing
Computer Services, Inc.; Neill Smith of
the Naval Coastal Systems Center;
James R. Snyder and William Sotomayer
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of Wright Patterson AFB; Jay DeJongh
of the USAF Academy; and James L.
Thomas and David S. Miller of Langley
Research Center. For further infor-
mation, Circle A on the COSMIC
Request Card.

ARC-11398

Planar-Wing Flutter
Analysis

Five programs compute
flutter speeds and
frequencies and generate
V-g plots.

The Flutter Analysis System, FAST, is
a group of five programs that perform a
flutter analysis of a single planar wing.
Each program performs certain por-
tions of a flutter analysis and may be
run sequentially or individually. This
modular approach is very versatile and
flexible. FAST uses natural vibration
modes as input data and performs a
conventional V-g solution. The
unsteady aerodynamics programs in
FAST are based on the subsonic kernel
function lifting-surface theory although
other aerodynamic programs may be
used.

The first program, MPROC, proc-
esses the vibrational modes to give
modal deflections, streamwise slopes,
and certain integrals of the mode
shapes used in calculating general
aerodynamic forces. In addition, con-
tour and oblique projection plots of the
mode shapes may be generated. Input
to MPROC consists of wing geometry
and natural vibration mode data.

Program SUBCMAT generates the
complex matrix elements used in solv-
ing the subsonic downwash equation.
Input to SUBCMAT includes the mach
number, reduced frequency specifica-
tions, and wing geometry data. Pro-
gram LUCMAT performs an L-U de-
composition of the complex matrices
generated by SUBCMAT.

The fourth program, GENFLU, cal-
culates the generalized aerodynamic
forces using the modal output from
MPROC and the L-U matrices output by
LUCMAT. The last of the FAST programs
is FLUTDET, the parametric flutter
analysis program. Input to FLUTDET in-
cludes the generalized aerodynamic
forces, generalized masses, modal fre-
quencies, and air density information.
Output includes tables of flutter speeds
and frequencies and V-g plots.

FAST is written in FORTRAN |V and
Assembler for batch execution and has
been implemented on a CDC CYBER
170-series computer with the largest
program having a central memory re-
quirement of approximately 35K (octal)
of 60-bit words. The FAST programs
were developed in 1978.

This program was written by Robert
N. Desmarais and Robert M. Bennett of
Langley Research Center. For further
information, Circle B onthe COSMIC
Request Card.

LAR-12610

Modeling of Large
Latticed Surfaces

Lattices that approximate
spherical and paraboloidal
surfaces are analyzed.

The GEOMLLS program determines
dimensions and coordinates of flat seg-
mented triangular surfaces that approxi-
mate spherical and paraboloidal sur-
faces of revolution, where the vertexes
of the triangles lie on the true surface.
GEOMLLS calculates the complete geo-
metry of the segmented surface and
quantities that measure surface ac-
curacy, such as maximum deviation and
root-mean-square deviation from the
true surface.

GEOMLLS was originally developed
to assist in the design of large space
structures for commercial and scientific
purposes. For example, shallow shell
structures have frequently been men-
tioned as candidates for building com-
ponents in communication systems, or-
biting antenna reflectors, and satellite
solar-power systems.

GEOMLLS approximates a spherical
or paraboloidal surface with a latticed
surface by projecting a subdivided
n-sided pyramid onto the true surface
and then connecting grid poinfs with
straight lines. The user specifies the
desired true surface geometry by input-
ting the aperture diameter and F/D, the
ratio of the focal length to the aperture
diameter. The lattice pattern is specified
by inputting the number of shell cir-
cumferential sectors and the number of
meridional subdivisions of the sectors
desired. This lattice pattern defines a
subdivided n-sided pyramid with its base
at the aperture and its apex at the center

(continued on next page)
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of the true surface. The final approxi-
mating surface is generated by project-
ing each grid point on the pyramid onto
the true surface. The projection may be
by a single center-of-projection method
from a user-specified point or by a nor-
mal projection method.

Once the grid points have been pro-
jected onto the true surface, they are
connected by straight-line segments to
form the final approximating latticed sur-
face. The program then calculates the
maximum deviation and root-mean-
square deviation of the latticed surface.
The user might study several combina-
tions of differing numbers of sectors and
meridional subdivisions and both projec-
tion methods to obtain the latticed sur-
face that best approximates the true sur-
face for the intended application.

GEOMLLS is written in FORTRAN IV
for batch execution and has been im-
plemented on a CDC CYBER 70-series
computer with a central memory re-
quirement of approximately 52K (octal)
of 60-bit words. GEOMLLS was
developed in 1980.

This program was written by Melvin S.
Anderson and Catherine L. Herstrom of
Langley Research Center and Adnan
H. Nayfeh and Mohamed S. Hefzy of the
University of Cincinnati. For further in-
formation, Circle C on the COSMIC
Request Card.

LAR-12888

Dynamic Analysis of
Six-Axle Locomotives

Locomotive and track
parameters are modeled
by a program that can help
improve rail safety.

The new generation of six-axle loco-
motives introduced in the last 15 years
has been attractive from many points of
view, such as tractive effort, horse-
power, costs, and the ease of mainte-
nance. However, under some operating
conditions, in particular where the track
routes are difficult or where the track
strength is low, some railroads experi-
ence difficulties in locomotive ride, track
damage, and occasionally derailment.

The Track Train Dynamic Analysis
computer program models the dynamic
behavior of six-axle locomotives.
Dynamic behavior is determined by
locomotive parameters (such as geom-
etry, mass, and suspension characteris-
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tics), operational parameters (including
speed, tractive effort, lateral coupler
forces, track curvature, and supereleva-
tion), and track-geometry parameters
(such as deviations or defects from the
nominal conditions with respect to cross
level, alinement, surface, and gage).
Since the model is nonlinear, the
dynamic solution consists of time
histories for each of the system
variables.

The program models a locomotive
supported by two three-axle tracks. The
interface regions between the major
functional parts of the locomotive sus-
pension consist of the secondary sus-
pension between the vehicle body and
the track frame, the primary suspension
between the track frame and the wheel
sets, and the wheel/rail interface. Once
the locomotive parameters have been
specified, a set of operational param-
eters must be specified. Coupling forces
may be considered both fore and aft,
with coupling forces acting on the cor-
responding coupling pins.

The tractive effort of the locomotive is
assumed to be contributed by equal
amounts at each of the axles, with brak-
ing treated as a negative tractive effort.
Within a single test run, the tractive
effort is assumed to be constant in mag-
nitude. The velocity of the locomotive is
also assumed to be constant during any
single test run. The track is assigned
nominal and constant values for curva-
ture, absolute superelevation, and kine-
matic gage. The user may also specify
track-geometry irregularties in lateral
alinement, vertical alinement, cross
level, and track gage.

The program output consists of de-
tailed time histories for each of the sys-
tem variables. These data can readily be
used to evaluate the operational safety
of the locomotive being modeled. Sensi-
tivity studies can be conducted by
changing one or more parameters in a
series of runs.

This analysis model and methodology
could play an important role as a predic-
tive technique, as well as a test support
tool, in many areas of rail safety. Typical
applications might include: assessment
of the importance of specific suspension
design details, comparison of different
locomotive designs, determination of
appropriate maintenance standards on
locomotive suspension elements, deter-
mination of acceptable track-geometry
defects and minimum track-strength,
and investigation of specific derailment
mechanisms.

The Track Train Dynamic Analysis
program is written in FORTRAN [V for

interactive execution and has been im-
plemented on a CDC CYBER 174/750
computer with a central memory re-
quirement of approximately 66K (octal)
of 60-bit words. The program was devel-
oped in 1981.

This program was written by the
Denver Aerospace Division of Martin
Marietta Corp. for Marshall Space
Flight Center. For further information,
Circle D on the COSMIC Request
Card.

MFS-25710

Two-Dimensional Grids
About Airfoils and
Other Shapes

Program treats arbitrary
boundaries through
solutions of

Poisson’s equation.

The ability to treat arbitrary boundary
shapes, including those about airfoils, is
one of the most desirable characteris-
tics of a method for generating grids. In
a grid used for computing aerodynamic
flow over an airfoil, or any other body
shape, the surface of the body is usually
treated as an inner boundary and often
cannot be easily represented as an ana-
lytic function.

The GRAPE computer program gen-
erates two-dimensional finite-difference
grids about airfoils and other shapes by
the use of the Poisson differential equa-
tion. GRAPE can be used with any
boundary shape, even one specified by
tabulated points and including a limited
number of sharp corners. Numerically
stable and computationally fast, GRAPE
provides the aerodynamic analyst with
an efficient and consistent means of grid
generation.

GRAPE generates a grid between an
inner and an outer boundary by utilizing
an iterative procedure to solve the
Poisson differential equation subject to
geometrical restraints. In this method,
the inhomogeneous terms of the equa-
tion are automatically chosen such that
two important effects are imposed on
the grid: The first effect is control
of the spacing between mesh points
along mesh lines intersecting the bound-
aries. The second effect is control of the
angles with which mesh lines intersect
the boundaries. A technique of coarse/
fine sequencing accelerates numerical
convergence.
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GRAPE program-control cards and in-
put data are entered via the NAMELIST
feature. Each variable has a default
value such that user-supplied data are
kept to a minimum. Basic input data con-
sist of the boundary specification, mesh-
point spacings on the boundaries, and
mesh-line angles at the boundaries. Out-
put consists of a data set containing the
grid data and, if requested, a plot of the
generated mesh.

GRAPE is written in FORTRAN [V for
batch execution and has been im-
plemented on a CDC 6000-series com-
puter with a central memory require-
ment of approximately 135K (octal) of
60-bit words. For plotted output, the
commercially-available DISSPLA
graphics software package is required.
GRAPE was developed in 1980.

This program was written by Reese
Sorenson of Ames Research Center.
For further information, Circle E on
the COSMIC Request Card.

ARC-11379

Structural Analysis of
Shells

Program includes stress,
buckling, vibration, and
transient analysis of
multisegment shells.

The Structural Analysis of General
Shells computer program STAGSC-1
analyzes thin shell structures that have
separate shell branches or segments
connected to one another along their
boundaries. STAGSC-1 contains options
for static stress analysis (including geo-
metric and material nonlinearities), bifur-
cation buckling analysis (including non-
linear prestress), vibration analysis (in-
cluding nonlinear prestress), and tran-
sient analysis (linear or with geometric
and material nonlinearities). While in-
tended primarily for analyzing shells, the
STAGSC-1 capability is extended by the
inclusion of axial and torsional springs,
as well as general nonlinear beam
elements.

STAGSC-1 models structural prob-
lems with a minimum of input prepara-
tion. Triangular and quadrilateral shell
elements are available. The triangular
element, developed by Clough and
Felippa, is primarily used where quadri-
lateral elements are unsuitable. Quadri-
lateral elements may be selected from a
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series based on the combination of two
Clough-Felippa triangles. Presently, the
"'workhorse'' element is a flat quadri-
lateral element, developed especially for
STAGSC-1, which is very economical in
most cases of nonlinear and stability
analysis. A “transition element” with
five nodes (three triangles) is included so
that irregular grids may be defined more
easily.

The definition of the structural con-
figuration may include data from user-
written subroutines, increasing the gen-
erality of the program and making the
input more compact. Another feature
that makes input preparation easier is
that the user is allowed to define a
number of substructures separately and
indicate how these are to be connected.

The shell-wall properties are defined
by a local stiffness matrix relating stress
and moment resultants to reference sur-
face strains and changes in curvature.
The stiffness matrix is internally com-
puted for a number of standard shell
walls. Certain standard boundary condi-
tions are readily modeled. Any linear dis-
placement of 20 components or less
may be entered via data cards. Initial
shape imperfections and cutouts in the
shell wall may also be defined on regular
data cards. Thermal as well as mechani-
cal loading may be considered. The
latter includes the options of defining
forces or displacements. The cases of
constant direction as well as live
pressure loads may also be considered.

The solution procedures in the
STAGSC-1 code are accurate and ef-
ficient. The solution for linear systems is
based on the “‘skyline method,"" taking
full advantage of the zero terms fol-
lowing the last nonzero element in each
equation. Bifurcation buckling and small
vibration analyses lead to linear eigen-
value problems. These are solved by
generating invariant subspaces by si-
multaneous inverse power iteration.

In contrast to many structural codes,
STAGSC-1 solves the nonlinear alge-
braic equation rigorously — that is, the
solution accuracy is independent of the
load step size. The solution is based on
the modified Newton Method with some
automatic features for the control of
step size and relaxation factors. The
transient case is time-integrated by
using the explicit central differences, the
trapezoidal rule, or the stiffly stable
methods.

This program was written by B. O.
Almroth, F. A. Brogan, and G. M. Stanley
of Lockheed Missiles & Space Co. for
NASA Headquarters. For further infor-

mation, Circle F on the COSMIC
Request Card.
HQN-10960

NASTRANZ® : April 1982
Release

The most efficient and
versatile release of
NASTRAN® to date

Development of the NASA Structural
Analysis computer program NASTRAN®
was begun in the mid-1960’s to provide
NASA research centers with a powerful
general-purpose finite-element computer
program for structural analysis. Over the
years, NASA has maintained and im-
proved NASTRAN such that it remains a
state-of-the-art finite-element program
with a wide range of applications. The
NASTRAN system has become widely
accepted as a standard in the structural-
analysis community. The latest public re-
lease of NASTRAN, April 1982, is the
most efficient and versatile to date.

The intended range of applications of
NASTRAN includes almost every kind of
structure and construction. Structural
modeling elements are provided for the
specific representation of the more-
common structural building blocks, in-
cluding rods, beams, shear panels,
plates, and shells of revolution. More-
general building blocks can be treated
as combinations of these simple ele-
ments or by the “general’”’ element ca-
pability. The substructuring capability
allows different sections of a structure to
be modeled jointly after having already
been modeled separately. NASTRAN in-
corporates the effects of control sys-
tems, aerodynamic transfer functions,
and other nonstructural features.

The range of problems that NASTRAN
automatically handles includes:

e Static response to concentrated loads,
to distributed loads, to thermal expan-
sion, and to enforced deformations;

*Dynamic response to transient loads,
to steady-state sinusoidal loads, and to
random excitation; and

*The determination of real and complex
eigenvalues for use in vibration anal-
ysis, dynamic stability analysis, and
elastic stability analysis.

NASTRAN also has a limited capability

for the solution of nonlinear problems,

including piecewise linear analysis of
nonlinear static response and transient
analysis of nonlinear dynamic response.

(continued on next page)
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Users may develop their own analysis
capabilities by using the Direct Matrix
Abstraction Programming (DMAP) lan-
guage to direct NASTRAN in the solution
of general matrix problems.

NASTRAN treats large problems with
many degrees of freedom. The only limi-
tations on problem size are those im-
posed by the practical considerations of
computer run time and by the ultimate
capacity of auxiliary storage devices.
Computational procedures were select-
ed for maximum efficient utilization of
computer resources. The NASTRAN
system is programed in an overlaid
structure to provide the user with a large
selection of capabilities while requiring
only a moderate amount of core
resources.

The NASTRAN computer program is
currently available for implementation
on the following computer configu-
rations: IBM 360/370 and IBM 303X
series, CDC 6000 and CDC CYBER
70/170 series, UNIVAC 1100 series, and
DEC VAX series.

This program was written by Robert L.
Brugh of COSMIC for NASA Head-
quarters. For further information, Cir-
cle G on the COSMIC Request Card.
HQN-10952

Steady, Oscillatory, and
Unsteady Subsonic and
Supersonic Aerodynamics

Modular program is
compatible with most
geometry preprocessors.

The computer program SOUSSA-P
(Steady, Oscillatory, and Unsteady Sub-
sonic and Supersonic Aerodynamics —

Production Version) accurately and effi-
ciently evaluates steady and unsteady
aerodynamic loads on aircraft having ar-
bitrary shapes and motions, including
structural deformations. These evalua-
tions are essential for the accurate
calculation of the aerodynamic and
aeroelastic characteristics required for
the design and analysis of high-
performance aircraft. SOUSSA-P is
based upon the theoretical formulation
developed by Morino, in which the
Green'’s function method is applied to
the equation for the velocity potential.

The SOUSSA-P1.1 program is a pilot
code for “‘production’ applications. It is
modular, allowing updating and incor-
porating improved or additional capabili-
ties. SOUSSA-P1.1 is compatible with
most of the currently-available geometry
preprocessors. Furthermore, the pro-
gram has been structured to facilitate
the analysis of aerodynamic problems
involving a wide range of flight speeds,
multiple sets of vibration and defor-
mation modes, and multiple sets of fre-
quencies for flight vehicles having arbi-
trary geometry. The underlying method
is applicable to both subsonic and super-
sonic flows. (The supersonic capability
has not been incorporated into version
1.1 of the SOUSSA-P program.) The pro-
gram can be used without extensive
specialized training.

Applying Green's function method to
the fully-unsteady (transient) potential
equation yields an integro-differential
delay equation. With spatial discretiza-
tion by the finite-element method, this
equation is approximated by a set of
differential-delay equations in time.
Determination of the time solution by
Laplace transform yields a matrix equa-
tion relating the velocity potential to the
normal wash. The simple frequency
dependence of this matrix makes the

SOUSSA-P program very useful for
multiple-frequency and repeated mode-
shap