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What it takes tc

Experience.

Turning America’s first
permanent space station into
a producing space station will
take a special kind of commit-
ment and know-how.

How can we produce purer
metals, stronger alloys, create
new kinds of crystals?

How do we manage five
production lines and twenty
experiments at the same time?
And without having one proj-
ect compromise another?

How do we handle and
store volatile products, or
products which measure
1/2500 of an inch in
diameter?

These are the very ques-
tions General Electric has
been working on, some of
them for as long as we’'ve
been in business.

Here’s a brief look at our
experience, and what we can
do to make America’s first
space station a success.

tirst factory

induction melting and levita-
tion apparatus for the NASA
sounding rocket

Processing metals: the
new “space furnaces.”

Over one hundred years
of GE experimentation with
electromagnetics
has proved
invaluable
in our work
with NASA.

The success
of automated
electromagnetic

program
is the basis
for our current work
— an electromagnetic
“furnace” GE is
helping to prepare for
a series of planned
space shuttle flights
in 1985.

Essentially, the shuttle
1A experiments will involve
. the melting and solidifica-
tion of metals and alloys




netic contain-
erless under-
cooling. This
has been
demonstrated
on earth with a
sphere of mol-
ten tungsten
(melting point: 6,170°F).
But we've discovered in GE
research labs, the electro-
magnetic power needed to
position spheres of molten
metals on earth makes their
manufacturing cost prohibi-
tive. In space, microgravity
solves that problem.
What we learn in future
- shuttle flights will be the
basis for work on the first
permanent space station.
We hope by then to be
planning actual production
of purer metals, stronger
alloys, new crystals.

by electromag : -

Growing
gallium arsenide:
a gold mine in space.

The benefits of gallium
arsenide production in
space — a potential 7000% |
increase in yield, for
example — are clearly
astronomical. And the
possibility of increasing
computer chip capacities
one hundredfold (and
of making similar
improvements in
microwave and laser
technologies) long
ago led GE into
gallium arsenide
microelectronics /.
research.
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studyforNASAonautom'

ing production of gallium
arsenide ingots in space. That
study also addresses the fea-
sibility of automating pro-
duction of the ingots into
finished and tested computer
chips ready for use when they
arrive on earth.

Manufacturing
products in space
for use on earth.

The part GE has
already played in _
making it possible to N
manufacture space-made
products for use on earth is
similar to the part we will
play on the “producing” end of
the permanent space station.

In 1978, we began basic
development of the apparatus
for manufacturing latex
microspheres 1/2500 of an
inch in diameter — the most
perfectly uniform spheres
ever made, and impossible
~ to make on earth (18,000

‘7 microspheres can fit on the

head of a pin).

. The apparatus GE designed

and built worked success-

- fully on all four 1982

and 1983 shuttle flights.

NASA has turned the

latex microspheres

over to the Bureau of

Standards for pack-
aging and sale.

. So far, a university

. and various business-

es in health and mi-

Croscopy are interest-

ed in the first products

manufactured in space.

B y creating a space station
designed to produce a diver-
sity of products such as purer
vaccines, new drugs, stronger
self-lubricating metals, new
alloys which cannot be made
on earth (400 have

been identified so

far), NASA will

be helping to im-
prove our life on
earth. The value of
such work to all of
us is incalculable.

General Electric

has both experience
and commitment. As
one of the world’s largest di-
versified manufacturers, with
an annual R&D budget larger
than those of many countries,
we will build on GE experience
with all the technology, ingenu-
ity, and determination we have
to make America’s first perma-
nent space station a productive
national asset.

Space Systems Division,
Valley Forge, PA.

Leading from
the start ... and
working on the
future.
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E.xcellence

T, o -

What do Space Stations and Submarines Have in Common?

Space stations will be required to be self-sufficient
for long periods. . .just like submarines. Vitro Cor-
poration has long ensured the sustained on-
station operation of the submarine fleet.

How does Vitro make this happen?

Full Support - Vitro provides the logistics sup-
port, maintainability support, and systems
en?ineering necessary to keep a submarine on
patrol for extended periods.

Long Experience - Vitro support capability is
founded upon over 35 years of systems engineer-
ing experience. Our engineers are well-versed in
the technigues that ensure optimum systems
operation in a demanding environment. With

over 6,200 employees, Vitro provides mission sup-
port analysis, quality assurance, software, and
modern management information systems to en-
sure system operability.

Extensive Resources -Yes, a space station or-
biting our planet and a submarine patrolling our
oceans have many needs in common. Vitro has
and will continue to meet those needs. Our com-
bination of experience, technical capability, and
resources is unmatched.

This capability is available to you. Vitro Cor-
poration stands ready now to work with you to en-
sure a long and successful Space Station Pro-
gram. . .o continue a tradition of excellence.

ifro

CORPORATION

14000 Georgia Avenue, Silver Spring, Maryland 20910
For information call our Marketing Manager, (301) 231-1300
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Rockwell International know-how:
It goes into the Space Shuttle.
It’s in everything we do.

Rockwell International is NASA's
prime contractor for development and
production of the Space Shuttle
Orbiters and for their Rocketdyne
main engines.

With the know-how to combine
advanced technology with outstanding
engineering and management skills, we
ledg the way in creating an entirely new
capability for America’s space program:
providing regular access to space. Now,
we're putting that proven know-how
to work on the next logical step in
space, NASAs earth-orbiting space
station.

The space station will be used for
commerciaIlD and government scientific
research and development; commercial
manufacture of critical materials and
pharmaceuticals not available on earth;
assembly, service and repair of satellites
and other large structures in space; and
research focused on extending man’s
stay time in space. It is a first step
toward an even more ambitious
manned space program.

The Il)mothow that makes us
leaders in America’s space program
goes into everything we do at Rockwell.

In electronics: where virtually
every jetliner in the free world relies on
one or more of our Collins avionics
systems for navigation, communications,
instrumentation or flight control.

In the automotive industry: where
we are addressing our customers’ operat-
ing need for lower cost per mile. This
includes application of state-ofthe-art
technology in such areas as materials,
manufacturing and quality control pro-
cesses and innovative systems designs
for both truck and trailer axles, brakes,
drivelines and a wide range of compo-
nents for heavy and light vehicles.

In generyindust*ries: where
advancements such as electronic press
controls and total production systems
have made our Goss presses a world
leader in offset newspaper printing.

We're a §9 billion company where
science gets down to business in four
diverse areas. And that diversity has
helped us achieve nine consecutive
years of increased earnings and
impressive growth.

If you are interested in any of our
products or want to learn more about
us, write: Rockwell International,
Department 815NT-11, 600 Grant
Street, Pittsburgh, PA 15219.

‘L‘ Rockwell International

...where science gets downto business

Aerospace/Electronics
Automotive/General Industries
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THE HEREAFTER NAMED SUBSIDIARIES OF

CELLULAR RADIO SYSTEMS, INC.
SUITE 3120 1;:22;9%?2%1?;. ,W/i\rl'.’lwl\:af;A CO 80014

Securifies and Exchange Commission

a Public Offering of $6,613,200
on Form S-1

of 1002 Jumbo Units @ $6,600 per unit
Each Jumbo Unif consisting of 6 Mini-Unis,
Each Mini-Unit consisting of 1000 Shares of Common Stock, Par
value $.001, 1000 Class A Warrants, 1000 Class B Warrants

and one $1000 subordinated, convertible debenture.

THE OFFERING WILL BE MADE ONLY BY MEANS OF A PROSPECTUS

ANTICIPATED TIME OF OFFERING
APRIL 15, 1985

ZERO GRAVITY ENTERPRISES, INC.

The purpose of the Offering is to capitalize the
Company to conduct the business of developing
commercial products based on existing and furure
technology derived from space programs and
ro develop new trechnology under weightless
environments.

SPACE METALURGY, INC.

The purpose of the Offering is to capitalize the
Company o conduct the business of commercializ-
ing existing metalurgical technology and
developing new metals technology related ro
intfernational aerospace activifies.

Circle Reader Action No. 30

Circle Reader Action No. 31

OUTER SPACE
LABORATORIES, INC.

The purpose of the Offering is fo capiralize the
Company to conduct the business of developing
products and services which can be used in gov-
ernmental and private space environments and fo
contract for privare, commercial experimentation
relared fo space programs.

SPACE GENETICS
RESEARCH CORPORATION

The purpose of the Offering is fo capitalize the
Company fo conduct the business of experimenta-
tion and productivity in the fields of human, animal
and plant life relating to bacteriological, geo-
biology, aging, gene splicing, disease control,
chemo-remedial chemistry and waste control.

Circle Reader Action No. 32

Circle Reader Action No. 33

SPACE SHUTTLE
CARGO CORPORATION

The purpose of the Offering is fo capifalize the
Company to conduct the business of providing
intérnational fransportarion systems and services
relared ro aerospace research and development
acrivities with governmental and private entifies.

INTERSTELLAR COMMUNICATIONS
CORPORATION

The purpose of the Offering is to capitalize the
Company ro conduct the business of commercializ-
ing existing rechnology from past governmental
space programs and ro develop new rechnologies
of internarional earth and space communications.

Circle Reader Action No. 34

Circle Reader Action No. 35




Editorial Notebook

About The New

NANSA TechBriefs

homas Hobson was the 17th

century English liveryman who

gave his customers the choice
of renting any horse they wanted, as
long as it was the horse nearest the
door. Hence the term “Hobson’s
choice”...no choice at all. Essential-
ly, this was The National Aeronautics
and Space Administration’s position
as it sought to extend the dissemina-
tion of NASA Tech Briefs while cut-
ting costs.

The recommendations of the Presi-
dent's Commission on Cost Control,
better known as the Grace Commis-
sion, underscored the problem and
reinforced NASA's position: smack on
the horns of a dilemma.

One of the commission’s cost-
cutting suggestions was to charge
subscriptions for appropriate govern-
ment publications. . .among which
was NASA Tech Briefs. When NASA
surveyed you, the reader, projections
showed that converting NASA Tech

Briefs to paid subscriptions would deci-

mate the circulation of the publication.

While NASA was and is in favor of
cutting costs, one of Congress’ original
mandates to NASA was the widest
possible dissemination of information
and technology gained in the space
exploration process. NASA Tech
Briefs has been the primary medium
for this dissemination, called technol-
ogy transfer. Clearly, charting a
course of paid subscriptions to NASA
Tech Briefs would be inconsistent
with NASA's charter.

You're holding the answer to the
problem. It's the new NASA Tech
Briefs. . .a joint venture between The
National Aeronautics and Space Ad-
ministration and Associated Business
Publications, Inc. This is the first
periodical partnership, if you will, be-
tween a government agency and a
private sector publishing company.
It's certainly appropriate that it was
initiated by the organization that
represents the spirit of the pioneer of
the ultimate frontier. ..The National
Aeronautics and Space Administra-
tion. We're proud to have been chosen
by NASA as the partner in this launch.

In the past there has been an OMB-
imposed cap of 75,000 on the NASA
Tech Briefs mailing list, which has
resulted in a waiting list that has
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reached as high as 12,000. I'm
delighted to be able to doff that cap.
Now all United States citizens
qualified to make use of the technol-
ogy described in NASA Tech Briefs
are entitled to free subscriptions.
Engineers, researchers, and manage-
ment in small and large American
businesses are among those qualified
to receive NASA Tech Briefs free. Fur-
ther qualification information is on the
subscription card in the back of this
and all issues of NASA Tech Briefs.
To receive a free subscription, all you
need do is fill in the card completely
and drop it in the mail. Even the
postage is free.

Several more benefits will result
from our joint endeavour, not the least
of which will be a $2,000,000 plus sav-
ings over the next five years. The
reader response to NTB has been ex-
cellent over the years, but heretofore
the format has not allowed for a forum
in which to exchange ideas. There-
fore, effective with this issue, we're
instituting just that, a reader’s forum
in each issue where ideas, comments
and suggestions will be found. Please
send me yours.

We'd also like to acknowledge more
of the success stories that have come
about due to NASA Tech Briefs. While
NASA publishes the annual Spinoffs
every year, we feel there is room for
an ongoing section in NASA Tech
Briefs that highlights products and
processes which have been developed
and commercialized. NASA has
published New Product Ideas for
some time, and we plan to expand on
the section. We'd like to hear in detail
from readers who've used the new
product ideas and other technologies
published in NASA Tech Briefs.

Another of our objectives is to shed
a little more light on NASA, its goals
and accomplishments. As part of this
process, we'll be featuring each of the
ten field centers operated by NASA.
We feel that with this charter commer-
cial issue of NASA Tech Briefs, it is
fitting to begin with the primogenitor,
Langley Research Center in Hampton,
Virginia.

We plan other feature articles on
NASA, Space Law, Finance and the
Commercialization of Space. However,
with all of these additions, let me

assure you that the core of the book,
the briefs themselves, will not change.
We will continue to publish as many
and more tech briefs as before on a
regular quarterly basis.

The two other changes you'll have
noticed by now are the coated paper
and the addition of advertising. The
coated paper is part of our upgrade of
the presentation of the material in
NTB, and the advertising is what pro-
vides the wherewithal for all of the
above.

I'd like to take a moment to discuss
the advertising in NASA Tech Briefs
with you. Certainly it's a radical depar-
ture from the previous format, and
some may be surprised by its appear-
ance. Some have questioned the
appropriateness of advertising in a
government periodical. I'm indebted
to Robert Heinlein for “Taanstaffel,”
the one word answer that translates
into, “There is no free lunch.”

There are only four ways to fund
NASA Tech Briefs: 1. Paid subscriptions.
2. Government subsidy. 3. Advertising.
4. A combination of two or more of
the above. (| have rejected charity as a
pragmatic alternative.)

A company invests a dollar in adver-
tising to get ten back, to reach people
and companies who can make use of
the products or services advertised
most efficiently, with the end result
being the reduction in cost. . .for
everyone's benefit. When the medium,
in our case NASA Tech Briefs, does
this efficiently and well, the adver-
tisers repeat and we all—reader,
advertiser and publication—prosper. If
it doesn’t, they don't and we don't. It's
that simple.

Just as NASA is the symbol of the
21st century pioneer, the advertisers
in this issue are pioneers. For the first
time, American industry is promoting
the NASA technology transfer pro-
cess. These companies are not only
supporting NASA's Technology
Utilization program. . . they're part of
it as they advertise their technology
for dissemination to the readers of
NASA Tech Briefs. Just as those early
pioneers to The New World became
the founding fathers of America, both
our advertisers in this issue and you,
the reader, are in a very real sense
among the founding fathers of
NASA's commercialization efforts.
Together we are all exploring new
territory and expanding existing
frontiers. Please write me with your
comments on our current effort and
ideas for future exploration.

Bill Schnirring
Editor-in-Chief/Publisher






For years baroque music was
composed without major change,

until J.S. Bach put these

instruments together in a way

that set him apart.

All the baroque composers were faced with the same
restrictions, the same notes, the same instruments, and the
same musical forms. Yet today, we remember J.S. Bach above
them all. Simply because he was able to arrange scores of
music in a way no one had ever seen ... or heard before.

At IBM Federal Systems Division we know that it takes
the same degree of ingenuity to design and manage within
the dimensions of today’s complex systems programs. It’'s a
special ability to combine a broad range of technology —
and make it work together in harmony.

And we’re doing exactly that for the National Aero-
nautics and Space Agministration’s Space Shuttle program.

We've orchestrated the operations of the most sophisti-
cated flying vehicle ever built with a team of on-board com-
puters. And we compose software that can be tuned for each
mission to make space a more available resource.

In every project we undertake, we start with a myriad of
individual parts, as separate as the notes of a scale. And put
them into play—together. Itisn’t easy, mmm mm— w— a— o
But the more comp%ex the task, the — —
more we manage to make it happen. = =

Federal Systems Division
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An Era of

ot long ago, | stopped at an

airport newsstand and was

nearly bowled over by what
| saw There were more magazines
on the shelves devoted to computers
and high technology than there were to
cars. Could it be, | wondered, that
the American love affair with the
automobile has taken a back seat
to a new national romance with
technology? If this is true, it
should not surprise us, because
rapid technological change has be-
come the hallmark of our society.
We can see its effects clearly when
we think about how technolgy has
transformed our lives in recent time.
Change is, indeed, one of the few
constants in our society, and it is
bound to continue to accelerate in
the future.

But, as Alvin Toffler once wrote:
“The problem. . .is not to suppress
change, but to manage it.” And this
is the real challenge that faces us all.
If technological advancements are
to be productive, they must some-
how be used to create new prod-
ucts, new processes and new jobs.
This requires participation not only
by the creators of the technology,
but by those who can most effective-
ly put that technology to work.

Since its inception 26 years ago,
the National Aeronautics and
Space Administration has vigorous-
ly pursued the goal, set forth by
Congress, of realizing “the poten-
tial benefits to be gained from its
aeronautical and space activities.”
The results of these efforts have
been impressive.

Lift-off at the Kennedy Space
Center, Fla., of the 51-A Space
Shuttle mission. Objectives includ-
ed retrieving and deploying two
satellites. In addition the 3M Com-
pany’s DMOS experiment (Diffusive
Mixing of Organic Solutions) was
installed on Discovery’s mid-deck.

NASA Tech Briefs, Spring 1985




Technological Change

By James M. Beggs, Administrator
National Aeronautics and Space Administration

Two decades ago, NASA pioneer-
ed the technology that enabled
operation of satellites in geo-
stationary orbit, thereby building a
foundation for the space communi-
cations networks that followed.
Today, more than two-thirds of all
overseas communication traffic is
relayed by satellite and there are,
additionally, a number of domestic
communication satellite systems in
operation. The commercial space
communications industry does more
than $3 billion worth of business
annually and employes, directly
and indirectly, more than one million
people—most Americans.

The development of space-relayed
communications was the first effort
to commercialize space and it is,
so far, the most economically suc-
cessful. In coming years, however,
we can expect to see much broader
pursuit of commercial space
opportunities.

Three areas hold great promise
for the commercial use of space.
The first is operating satellites for
communications or for a variety of
other practical applications involv-
ing observation of Earth from orbit.
The second is providing services to
satellite operators—building space
systems, launching them, or pro-
cessing and analyzing the data
they supply. The third—and perhaps
the most exciting—is manufactur-
ing in orbit products that cannot
be made on Earth, products that
promise societal and economic
benefits of immense order.

President Reagan'’s initiative to
build a permanently manned orbital
station significantly advances the
prospects for space commercializa-
tion. It is a plan that builds upon
the highly successful policies of
earlier years, when the nation ex-
panded and strengthened its eco-
nomy through publicly-funded
development of highways, railroads
and airports. Initial Congressional
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approval of the Space Station pro-
gram, now in its preliminary
phases, has assured the U.S. in-
dustrial community that the govern-
ment will create the foundation
essential to private sector invest-
ment in space. When the Space
Station is in operation in the early
1990's, it will enable government and
industry to forge a new partnership
toward realizing the commercial
potential of the space realm.

Thé Space Station, however, will
be much more than a place to pur-
sue practical applications. It will be
an orbital laboratory for advanced
scientific and technological re-
search; a base for more efficient
operation and servicing of unman-
ned space systems; a facility for
assembling future structures too
large to be launched from Earth;
and a staging area for the dramatic
space ventures contemplated for
tomorrow. Most importantly, it will
be a symbol of American dedication
to maintaining leadership in space.

Although no one can predict the
future with precision, there are cer-
tain assumptions we can make
about our future in space through
the end of the century.

The first is that the rapid rate of
technological change will result in
unprecedented progress in every
facet of space technology and
operations.

Second, we can anticipate that
the Shuttle, the permanently
manned Space Station we are
developing, and their related
technologies will be the key to our
major space operations in the
scientific, commercial and in-
dustrial areas.

And third, just as advances in
space technology will continue to
drive our quest for knowledge in
space, they will continue to benefit
our lives on Earth, both directly
and indirectly.

One of the greatest benefits of

the space program, overall, | believe,
is that it continues to push ad-
vances in science and technology
on Earth. The technology we push
enables us to continue to advance
in such areas as computer science,
solid state electronics, medical
electronics and in many other
fields that contribute to our in-
dividual well-being and national
economic growth. As these areas
and industries expand, they con-
tinue to spur the innovation, new
products, new jobs and greater
productivity. All of this enables us
to maintain our high standard of
living, to compete internationally
and to build for the future.

Broad dissemination and transfer
of new aerospace advances, how-
ever, is prerequisite to their effective
use in the industrial marketplace. |
congratulate the publisher of NASA
Tech Briefs—Associated Business
Publications, Inc.—on having been
selected to assist NASA to carry
on this vital function. ABP's fore-
sight and willingness to participate
at its own risk in this partnership
venture is, in my view, a measure
of the importance of this task and
its value to industry nationwide.
For only by sharing the fruits of
technological achievement will we
be able to stay abreast of techno-
logical change and assure maximum
benefit from such endeavors.

1"



Space station communications by Motorola.

We've been making technology work reliably in space communications systems for 28 years.
We're now ready to build the communications systems for NASA's new Space Station.




@ MOTOROLA INC.

Government Electronics Group

602/897-4623 « P.O. Box 2606. Scottsdale, AZ 85252
Circle Reader Action No. 14




Encouraging the

he Office of Commercial Pro-

grams serves as the focus fora

NASA-wide program that is de-
signed to reduce the technical,
financial, and institutional risks of
doing business in space.

In announcing the establishment of
the Commercial Programs Office
this past September, NASA Adminis-
trator James Beggs stated that the
office “will provide a focus for efforts
within NASA to expand U.S. private
sector investment and involvement
in civil space-related activities.” The
creation of the Office of Commercial
Programs and the issuance of
NASA’s Commercial Use of Space
Policy has demonstrated the agen-
cy's commitment to support the Presi-
dent’s initiative to open the next
frontier, space, to private enterprise.

Our Office is taking an active role
in supporting three categories of
commercial space endeavors: new

commercial high
& N technology

] ventures, new,

applications
of existing
technology, and
the unsubsidized transfer
of existing space programs to the
private sector.

A key focus of the Office of Com-
mercial Programs is NASA support
for a broad program of basic research
to establish a broader and firmer foun-
dation for commercial space ven-
tures. This research program has
been underway with the on-going
NASA program in materials sciences,
but more effort is needed. Our of-
fice expects to augment this effort
by providing NASA assistance, in
partnership with industry and the
university community, to establish
new research activities and pro-
grams. The basic knowledge which
is the expected result of these ef-
forts will provide the understanding
of what can be done in space that
cannot be done at all or as well on
earth. It will also provide a better
understanding of processes which
can lead to improvements in earth
based manufacturing processes.

We believe that the knowledge and

and NASA’s

understanding which will result
from these basic research activities
will be a catalyst for new ideas with
increased attention being given to
potential commercial uses of space.
In addition, an outreach program
directed at non-aerospace companies
will help NASA to establish a dia-
logue and new relationships with
those companies that may never have
considered involvement in a com-
mercial space venture.

The following are some examples
of commercial space initiatives that
are being managed by the Office of
Commercial Programs:

* Centers for the Commercial
Development of Space:

Assuring the competitiveness of
U.S. companies pursuing commer-
cial space ventures has required
the science and research com-
munities to look at accelerating
the process of moving ideas
developed by basic research into the
marketplace. One such model for fa-
cilitating the movement of tech-
nology from the laboratory to the
marketplace involves a partnership
of industry, government, and
universities in the establishment of
joint research centers.

NASA plans to provide seed fun-
ding for three to six Centers for the
Commercial Development of Space
at a rate of $500K to $1M per
center. At a “discussion conference”
recently held at NASA Head-
quarters, we explained to over 200
participants from industry, univer-
sities, and other government agen-
cies, that they serve as the founda-
tion for strong university and in-
dustrial participation in this
program.

Potential technology areas to be
examined by the Centers for the
Commercial Development of Space
include: electronic materials,
metallic alloys, glasses and
ceramics, biological materials, and
fluid dynamics.

* Increasing the Availability of
NASA Facilities:

Perhaps the greatest barrier to
undertaking a commercial space ven-
ture is the large capital costs

NASA Tech Briefs, Spring 1985



Commercial Use of Space
Office of Commercial Programs

by Isaac T. Gillam IV,
Assistant Administrator for Commercial Programs

associated with doing the basic and
applied research. And of those
capital costs, the greatest driver is
the use and acquisition of NASA
facilities and equiment. NASA
plans to further open wider its doors
to industry and university resear-
chers seeking access to NASA's uni-
que facilities, equipment, and per-
sonnel and expand the availability
of facilities such as furnaces, drop
tubes, optical fiber production
devices, and automated crystal
growth devices. These steps
should enable industry and uni-
versity researchers to consider
space flight experimentation
without major investments in
highly specialized equipment.

One of the key NASA barometers
of private sector interests in new
high technology commercial space
ventures is the number of existing
and proposed agreements submitted
by private companies interested in
pursuing commercial space endeav-
ors. NASA mechanisms such as the
Joint Endeavor Agreement have been
used to facilitate the demonstration
of commercial applications in space
technology through a NASA-Industry
partnership. In processing and
negotiating these agreements, the
Office of Commercial Programs will
take every step to avoid stifling pri-
vate sector innovation and creativity
by an overly cumbersome approach
to proposal evaluation.

By helping to develop NASA poli-
cies which encourage the commer-
cial use of space and by providing a
single point of contact for companies
interested in pursuing commercial
space endeavors, we in the Office of
Commercial Programs, and NASA,
can help our nation realize the promise
a competitive U.S. commercial
space industry holds.

Inquiries or expressions of interest con-
cerning NASA's Commercial Use of
Space Program may be addressed to the
Commercial Development Division (Code
1C), Office of Commercial Programs,
NASA Headquarters, Washington, D.C.
20546

WHAT’S YOUR
mﬂq,’?

GAF is the sole domestic manufacturer of
Carbonyl Iron Powders in North America
For more detailed information, contact
GAF Corporation, Chemical Division

1361 Alps Road, Wayne, NJ 07470

201 628-3000

In precision electronic components, GAF
Carbonyl! Iron Powders show the out-
standing performance characteristics
necessary to the design of cores with
high Q-values. excellent permeability
low loss factors and superior resistance

to magnetic shock and temperature

GAF Carbonyl! Iron Powders also per-

form well in alloy production and powder
metallurgy, magnetic fluid systems, induc-
tive heating and chemical reactions (as
catalysts)
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Torlon, polypropylene, polystyrene,
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are part of the storehouse of materials
Amoco Chemicals provides the
automotive market. With a dedication to
quality, dependable follow-through and

technical skill.

- AtAmoco, thechemistryisright. =~

. " i s SRR o AR
/&, ; 2 a - i ‘ X \ 'f‘- o et

e L AnOCO i

Amoco Chemicals Corporation
- o -
A
o
=LA
b ﬁ -._l'c."'v il . -

For more information write to Amoco Chemicals, MC 4002,
Dept. 672, 200 E. Randolph Drive, Chicago, IL 60601.

1985 Amoco Chemicals Corporation




ASA transfers new know-

ledge and innovative techno-

logy resulting from its aero-
nautical and space R&D programs
to industry, medicine, and other im-
portant public sector areas such as
transportation, environment, urban
development, and public safety.
Resultant secondary uses of this
technology provides an additional
return to the public for the invest-
ment in aeronautics and space
research.

NASA Tech Briefs is but one of
many mechanisms designed to pro-
mote and encourage the effective
use of aerospace technology in the
U.S. industrial marketplace. New ad-
vancements across a diverse spec-
trum of aerospace endeavor, em-
bracing virtually every scientific and
technological discipline, are pub-
lished periodically for the secondary
benefit and use of industrial scien-
tists, engineers and businessmen
nationwide.

Carefully planned and organized
efforts, such as the NASA Technol-
ogy Utilization Program, accelerates
the technology transfer process and
broadens user participation. Over

the past 26 years, thousands of aero-

space-derived technologies have
spun off to the public and private
sectors of the economy. The steady
stream of technological innovations
and advancements has already en-
tered nearly every facet of our
lives—home and automotive design,
fire prevention and protection for
firefighters, medical diagnostic in-
strumentation, bridge construction,
food processing equipment, farm
machinery, computerized banking,
industrial and highway safety,
microelectronic products, energy
systems, and manufacturing pro-
cesses of almost every description.
By Congressional mandate, NASA
is charged with stimulating the
widest possible use of aeronautics
and space research results. As part
of these efforts, technology transfer
mechanisms, such as NASA Tech

20

The NASA Technology
Utilization Program

By Leonard A. Ault,

Deputy Director Technology Utilization Division

Briefs, provide a link between the
creators of advanced technology
and those who are able to apply
such technologies productively.
NASA's aim is to broaden and accel-
erate the technology transfer pro-
cess to create new products, new
processes and new jobs, and thus
gain substantial dividends on govern-
mental funds invested in aerospace
research. It should be stressed, how-
ever, that technology transfer is a
two-way street, requiring that the
potential user or beneficiary be as
aggressive as the originator in seek-
ing productive and tangible uses of
aerospace-derived advances.

The horizontal transfer of techno-
logies developed for one purpose in-
to areas of dissimilar application
and use is, however, a major chal-
lange. . .and one that does not
always come easily. But it is just
such cross-fertilization of ideas and
technological resources that yield
the most rewarding dividends. In rec-
ognition of this challenge, NASA
sponsors a nationwide university-
based network of dissemination cen-
ters to assist industry in seeking
out the most appropriate technolo-
gies to match its needs. The NASA
Industrial Applications Centers, listed
on page 29, use as their principle
resource a vast storehouse of accu-
mulated technical knowledge, com-
puterized for ready retrieval. Through
these centers, industrial clients
have access to more than 70 million
documents gathered worldwide. . .a
veritable “‘department store” of
technology.

In addition to information services,
these centers provide problem-sol-
ving assistance and referral services
to government laboratory experts
engaged in research and develop-
ment activities which may relate
directly to the technological needs
of industry. This latter service aids
industry in staying abreast of on-
going technological advances long
before they appear in the open litera-
ture. Moreover, such access aids in
accelerating downstream uses of
these advances throughout U.S. in-
dustry. We encourage our readers to
make use of these facilities. They exist
to help you—American industry.

For those industrial firms inter-
ested in adapting or applying com-

puter software to their needs, NASA
operates the Computer Software Man-
agement and Information Center
(COSMIC) located at the University
of Georgia. COSMIC collects,
screens and stores computer pro-
grams developed by NASA and
other government agencies. Many of
these programs are directly ap-
plicable to secondary uses with lit-
tle or no modification, and can be
adapted for special purposes at far
less cost to the user than that of
developing a new program from
scratch. The Center’s library con-
tains more than 1,300 programs
which perform such tasks as struc-
tural analysis, design of fluid
systems, electronic circuit design,
chemical analysis and a variety of
other functions. COSMIC, listed on
page 28, offers these programs at a
fraction of their original costs and
can provide a detailed catalog or
available programs upon request.

NASA programs, by their chal-
lenging nature, are particularly
demanding of technological ad-
vance and the technologies they
generate are exceptionally diverse.
Thus, the large storehouse of tech-
nology built over more than a
quarter century of aeronautical and
space research activity constitutes
a national resource, a bank of know-
ledge available for new uses. Alter-
native applications of technology
rarely occur naturally, however,
without the active participation and
effort of the user. Thus, readers of
NASA Tech Briefs are encouraged
to get involved. Where applicable to
your needs, order additional infor-
mation from NASA on new advances
announced in this journal, or ex-
plore other technology transfer pro-
grams available through the NASA
Technology Utilization Program.
Your efforts may yield significant
dividends for you and your
organization.

For additional information, either
use the cards found in the back of
this or any other issue, or contact
your local TU Officer.

My associates in the Technology
Utilization Network and | are also
listed on page 29 in this issue. Any
and all of us are ready to help you get
the information you need from NASA.
Helping you is what we're all about.
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In the early days at Langley the
aerodynamics of birds were studied
for aircraft adaptation. . .

22

Langley—

ground was broken for America’s

first aeronautical research labo-
ratory, Langley Field. America had
dissipated the technological lead in
aeronautics bequeathed by the
Wright Brothers, and was lagging far
behind Europe in the field. Aviation
in America had become the pro-
vince of a few wealthy daredevils,
while in Europe men like Gustave
Eiffel were pioneering the wind
tunnel.

Two years before, in March 1915,
President Woodrow Wilson had
signed the National Advisory Com-
mittee for Aeronautics (NACA) into
being and funded it with $5,000.
Originally conceived as a nucleus
around which the scattered parti-
cles of American aeronautical
research, both within the govern-
ment and the private sector, could
be arranged and coordinated,
NACA was forced to establish
itself independently when the
realities of WWI intervened, and
both the Army and the Navy pursued
their own courses elsewhere.

Construction began on July 17,
1917, and on August 7, the facility
was formally designated Langley
Field, in honor of Samuel Pierpont
Langley, an aeronautical pioneer
whose steam-powered airplane just

I n the waning days of WWI, the

L

s

a bridge in time

missed beating the Wright Brothers
into the air by three months. By
the time the first wind tunnel was
dedicated in 1920, Langley had
died and the NACA facility became
Langley Memorial Aeronautical
Laboratory. In 1948, “Memorial”
was dropped and, in 1958, when
the National Aeronautics and
Space Administration acquired
NACA as its foundation, the name
it bears today, Langley Research
Center, was adopted.

Langley, then, is the elder
statesman of NASA's ten centers,
the place where it all began. As
such the history of Langley is the
history of American aeronautical
research.

While we can't, in these few
pages, delineate a detailed history
of Langley, we do hope to give you
some flavor of the center, a feeling
for its evolution and the role it has
played and continues to play in the
history of the world. Melodramatic
as it may sound, the beginning of
the twentieth century, not the 17th,
can be argued to mark the real
emergence from the dark ages. At
the very least, the age of flight, to
say nothing of space travel, is the
beginning of a new era in human
history. The work done at Langley
has helped shape this history.

NASA Tech Briefs, Spring 1985



. ..and just 35 years

later, Richard Whitcomb
devised the award-winning
“area rule” for supersonic
aircraft design application.

Looking Back

During the 1920’s Langley’s role
in the fledgling field of aeronautical
research was determined. It would
be the aim of the laboratory “to
supervise and direct the scientific
study of the problems of flight,
with a view to their practical solu-
tion.” In a word, aerodynamics.

Wind tunnel tests measuring the
aerodynamic characteristics of ex-
isting aircraft components led to
design revisions and improved per-
formance. Facilities expansion
began almost immediately. Within
a year, a second wind tunnel was
constructed.

Simultaneously, Langley's role
expanded to carry out the NACA's
original purpose—that of a
clearinghouse for aeronautical
research information. In May 1926,
Langley hosted NACA's first joint
conference with aircraft manufac-
turers’ representatives and
operators, which provided partici-
pants with-the opportunity to criti-
cize current research and suggest
modifications or alternatives. This
interchange of information between
industry and NACA was to become
a major factor in determining the
course of future research, as was

NASA Tech Briefs, Spring 1985

the later decision to include
representatives of the academic
research community in the
conferences.

NACA'’s response to requests
from industry and the Navy to
reduce aircraft drag capped the
achievements of Langley’s first
decade. Using results from tests
conducted in Langley's newly con-
structed “full-scale” propeller
research tunnel, NACA researchers
designed and developed a stream-
lined cowling which, when fitted
around aircraft engines, provided a
significant reduction in drag, allow-
ed for increased aircraft speed and
increased efficiency of air-cooling

systems. The device became an air-

craft design standard and its
designers at Langley were awarded
the prestigious Collier Trophy in
1929 for their outstanding contribu-
tion to American aviation.

By the end of the decade, the
Langley staff numbered 181. In just
10 years, they had already made
vital and internationally recognized
contributions to the study of aero-
dynamics and firmly established

American supremacy in aero-
nautical research.

More importantly, perhaps, these
first years provided opportunities
for organizational development,
facilities expansion and systematic
surveys of existing aircraft, which
defined priorities for the years
ahead.

Early Achievements

The success of the Langley-
designed engine cowling prompted
additional drag reduction research.
The results indicated that fixed
landing gear, engine positions and
airfoil sections all needed design
improvement. An aircraft design
revolution occurred. By the late
1930's, both military and commer-
cial aircraft had adopted Langley
recommendations for cowled engines
positioned on wing edges, wing
flaps and retractable landing gear.

Meanwhile, developments in
European aeronautical research had
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Langley—

again diminished America’s techno-
logical lead. NACA's 1937 Annual
Report to Congress urged the con-
struction of additional facilities.

Just prior to the outbreak of
WWII, Congress authorized NACA's
second research laboratory at Mof-
fett Field in Mountain View, Califor-
nia. The Ames Aeronautical
Laboratory, named for Dr. Joseph
S. Ames, NACA chairman for 12
years, drew on Langley personnel
for its staff nucleus.

In mid-1940, at the behest of a
special committee headed by
Charles A. Lindbergh, Congress
authorized a new engine research
facility at a site near the Cleveland,
Ohio, municipal airport. Again, per-
sonnel from Langley were called
upon to staff the new facility, even
while the purchase of additional
acreage at Langley was expanding
that facility’s personnel needs.

In 1941, the United States entered
the war, and the demands on its
aeronautical research facilities, pri-
marily Langley, increased enormous-
ly. “Quick fixes” for the structural,
engine and aerodynamic problems
of existing aircraft, not original
research, were the tasks at hand.

Under wartime pressure, airplane
after airplane—models and full-
sized—went through the Langley
tunnels and a wealth of information
came out, much of which remained
in designers’ notebooks until after
the war, when theoretical and
applied research programs were
resumed.

Aeronautics Comes of Age

The aeronautical engineering
done by the Germans in the latter
stages of WWII had developed not
only plans but prototypes for jet-
propelled aircraft. When the war
ended, Langley researchers shifted
gear and attacked the problem of
breaking the sound barrier.

Langley scientists and researchers
presented a study for the design of
transonic aircraft at a joint seminar
of Army, Air Force, Navy and NACA
personnel. It was unanimously
approved, and NACA and the mili-
tary proceeded to develop a joint
stable of reserve aircraft in a pro-
gram that culminated in Air Force
Captain Charles E. Yeager's historic
flight beyond the speed of sound
on Qctober 14, 1947. In the process,
yet another Collier Trophy Trophy
was won by Langley scientists.

Fast on the heels of this break-
through carne Richard Whitcomb's

John Samos, Langley’s TU officer, and
Richard A. “Pete” Petersen, Langley’s
fifth Director.

“area rule” concept, which defined
the optimum balance between wing
and fuselage volume. This piece of
research not only won a Collier
Trophy, but was a military aircraft
design benchmark.

NACA and the military’s joint
achievements in transonic flight
spawned further collaboration, and
researchers at Langley developed
programs in ballistic and guided
missile research.

Beyond the Blue. ..
The Birth of NASA

Out of the depths of the Cold
War, Russia launched Sputnik | in
October, 1957."The dramatic failure
of the first American attempt to
launch a satellite in December, 1957
ignited a chain of political events
which formally established the
American space program.

The National Aeronautics and
Space Act, signed into law by Presi-
dent Dwight Eisenhower on July 29,
1958, drew heavily on NACA's long-
term, scientifically based proposal
for aeronautic and space research,
to the point of absorbing that
organization as the nucleus of the
National Aeronautics and Space Ad-
ministration. The 43-year history of
NACA research, its three
laboratories and annual budget were
transferred to NASA on October 1,
1958.

From the outset, Langley’s role in
the space program was pivotal. Pro-
ject Mercury, America'’s first manned
spaceflight program, was born
there out of the “Little Joe” test
vehicle concept and managed by
Langley’'s Space Task Group. The
original seven astronauts trained at
the Center.

Project Mercury, designed to ac-
complish a manned orbit of the

Langley’s first wind tunnel, completed
in 1920, was designed to measure the
aerodynamic characteristics of
existing aircraft components.
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Langley—

earth, expanded into Project Apollo,
the aim of which was a manned
lunar landing. Both aims were ac-
complished in the space of seven
years, and the United States posted
an historic victory in the “space
race.”

Langley has provided support for
all of the manned space programs
through spacecraft design and
testing, flight concept development
and mission planning. The Center
also developed unmanned space
programs, including the Echo com-
munications satellites, air density/
drag measurement Explorer space-
craft and the Lunar Orbiter. The Vik-
ing Project, which landed two
automated laboratories on Mars,
was also managed by Langley.

Today’s Research. . .
and Tomorrow’s

Today Langley employs nearly
3,000 people in facilities worth over
one billion dollars located on almost
800 acres of government land. Just
as Langley was, in the early days, in
the forefront of aeronautics, so to-
day the Center is and has been one
of the pioneers in astronautics as
well. Beginning with Project Mer-

cury, America’s first manned space
project, and extending through
Gemini, Apollo, Skylab, Viking and
the Space Shuttle. Langley con-
tinues to support NASA and
America with ongoing research in
the design of experiments, sensors,
communications equipment and
data handling systems. Langley
researchers participate in programs
that investigate various effects on
space vehicles, such as heat,
vacuum, noise and meteroid im-
pacts. Advanced composites and
thermal control systems, plus im-
proved technology for many kinds
of electronic systems, are also
being investigated.

Langley is heavily involved in at-
mospheric science research,
developing improved techniques for

PSI PRESSURE SCANNERS
MAKE TURBINE 'I'ESI' IHG
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780B, today's state
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Tests in Langley’s full-scale propeller
research tunnel led to the development
of the streamlined cowling.

remotely monitoring atmospheric
constituents and processes and
determining the earth’s radiation
budget. A variety of sensors and
specialized instruments are already
field-proven and in use in aircraft
and spacecraft, while others are
being developed or tested in
preparation for specific applications
in the future.

On February 2, 1985, Richard A.
(“Pete”) Petersen became Langley's
fifth Director. Under his direction,
Langley can be expected to con-
tinue its aeronautics research em-
phasis and further its space
research efforts.

As Langley expands and con-
tinues its research, the Technology
Utilization Office helps transfer the
knowledge gained in the process to
scientists and engineers throughout
American industry. Head of the Of-
fice of Technology Utilization and
Applications Programs at Langley is
John Samos. He and his staff are
not only responsible for the transfer
of ideas to private industry, but are
also responsible for the identifica-
tion of those ideas worthy of con-
sideration for NASA Tech Briefs.
Contractor and in-house generated
technology is continually assessed
and evaluated. It was at Langley, for
example, that NASA’s advanced
technology demonstration house
was designed, constructed, and
demonstrated to the public. It was
featured in Popular Mechanics as
“NASA’s Far Out House.”

Currently, under NASA's Tech-
nology Utilization Applications Pro-
gram, Langley researchers are colla-
borating with their counterparts in
other agencies and institutions to
foster industrial and biomedical
spinoffs incorporating a wide range
of aerospace-developed technologies.

From 1917, as the United States’
first aeronautical laboratory, to to-
day’s multi-faceted research center,
Langley has made history, ameliorated
the quality of life on earth and, in
the process, helped shape the world.

NASA Tech Briefs, Spring 1985



It was NASA's goal to measure, with a pointing
accuracy of 1 arc minute, X-ray sources in outer
space. So Control Data's 469R? micro-miniature
computer was selected for the High Energy As-
tronomical Observatory (HEAQ) satellites to
keep critical instruments right on target.

The 469R? with large-scale integrated cir-
cuits, is specially designed to operate in the
rigorous environment of space; the‘R? in fact,
stands for rugged and reliable—so reliable that
this computer's meantime-to-failure is calcu-
lated to exceed 200,000 hours.

THE RIGHT ATTITUDE

Other applications to which 469R? computers
have been delivered include the Teal Ruby ex-
periment, an infrared sensor satellite which will
be launched from the space shuttle.

Find out how Control Data's spaceborne
technology and capabilities can help meet your
needs. Get more information, along with a print
of the spacecraft above, by calling 612 /853-5000.
Or write Government Systems Resource Center,
Control Data Corporation, PO. Box 609, Minne-
apolis, MN 55440.

D) CONTROL DATA
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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 applica-
tions 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 confer-
ences, 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 engin-
eers, he can often help you find and im-
plement NASA technology to meet your
specific needs.

Technical Support Packages (TSP’s)

are prepared by the center TUO's. They pro-
vide further technical details for articles in
NASA Tech Briefs. This additional material
can help you evaluate and use NASA tech-
nology. 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 Tech-
nology Utilization Officer at the center that
sponsored the research [see facing page for
details].

COsSMIC®

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 ap-
proximately 1,600 computer programs
developed for NASA and the Department of
Defense and selected programs for other
government agencies. Programs and docu-
mentation are available at reasonable cost.

Available programs

range from management (PERT scheduling)
to information science (retrieval systems)
and computer operations (hardware and
software). Hundreds of engineering pro-
grams perform such tasks as structural
analysis, electronic circuit design, chemical
analysis, and the design of fluid systems.
Others determine building energy require-
ments 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 software catalog are
prepared; and programs are reproduced for
distribution. Customers are helped to iden-
tify their software needs; and COSMIC
follows up to determine the successes and
problems and to provide updates and error
corrections. In some cases, NASA engin-
eers can offer guidance to users in install-
ing or running a program.

Information about programs

descibed in NASA Tech Briefs articles can
be obtained by completing the COSMIC Re-
quest Card at the back of this issue. Just
circle the letters that correspond to the pro-
grams in which you are interested.
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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 Ap-
plications Centers (STAC's). The STAC's
differ from the Industrial Applications
Centers described on page 30, primarily in
that they are integrated into existing state
technical assistance programs and serve
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only the host state, whereas the |IAC's
serve multistate regions.

Many data bases,

including the NASA base and several com-
mercial 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 above].
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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 commerical use of NASA inventions are
encouraged to promote competition and to
achieve the widest use of inventions. They
must be used by a negotiated target date.

Exclusive licenses

may be granted to encourage early commer-
cial development of NASA inventions,
especially when considerable private in-
vestment is required. These are generally
for 5 to 10 years and usually require
royalties based on sales or use.

Additional licenses available

include those of NASA-owned foreign
patents. In addition to inventions described
in NASA Tech Briefs, “NASA Patent
Abstract Bibliography” (PAB), containing
abstracts of all NASA inventions, can be

purchased from National Technical Infor-
mation Service, Springfield, VA 22161. The
PAB is updated semiannually.

Patent licenses for Tech Briefs

are frequently available. Many of the inven-
tions 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 in-
terested in licensing a particular invention,
contact the Patent Counsel at the NASA
Field Center that sponsored the research
[see page 29]. Be sure to refer to the NASA
reference number at the end of the Tech
Brief.

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 net-
work of industrial Applications Centers
(IAC's). The IAC’'s give you access to
1,800,000 technical reports in the NASA
data base and to more than 10 times that
many reports and articles found in nearly
200 other computerized data bases.

The major sources include:

» 750,000 NASA Technical Reports

» Selected Water Resources Abstracts

* NASA Scientific and Technical
Aerospace Reports

e Air Pollution Technical Information
Center

* NASA International Aerospace
Abstracts

® Chem Abstracts Condensates

* Engineering Index

» Energy Research Abstracts

» NASA Tech Briefs

* Government Reports

* Announcements

and many other specialized files on food

technology, textile technology, metallurgy,

medicine, business, economics, social

sciences, and physical science.

The IAC services

range from tailored literature searches

through expert technical assistance:

* Retrospective Searches: Published or un-
published literature is screened and
documents are identified according to
your interest profile. AIC engineers tailor
results to your specific needs and furnish
abstracts considered the most pertinent.
Complete reports are available upon
request.

* Current-Awareness Searchs: |IAC engi-
neers will help design a program to suit
your needs. You will receive selected
monthly or quarterly abstracts 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 engi-
neers at appropriate NASA Field Centers.

Prospective clients

can obtain more information about these
services by contacting the nearest IAC [see
page 29]. User fees are charged for IAC in-
formation services.

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 en-
vironmental protection. Some application
teams specialize in biomedical disciplines;
others, in engineering and scientific prob-
lems. Staffed by professionals from various
disciplines, these teams work with other
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Federal agencies 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 ap-
plication teams by contacting a nearby
NASA Field Center Technology Utilization
Office [see page 29].

NASA Tech Briefs, Spring 1985



Tiltmeter Indicates
Sense of Slope

A tiltmeter that indicates the sense as
well as the magnitude of a slope can be
used in locations where the incline is not vis-
ible to the operator. The measurement relies
on varying resistance between electrodes
as they are tilted with respect to each other
in an electrolyte. Power for the instrument is
furnished by two “AA" electrochemical
cells. An operational amplifier provides an
adjustable, regulated low voltage to a meas-
uring bridge.

(See page 40.)

|

Continuous Laminar-Smoke
Generator

o Z=ens

A continuous laminar-smoke generator
produces a single filament of smoke for
visualizing flow details in low-speed wind-
tunnel tests. The smoke exit hole is a drilled
hole in the side of a small-diameter feed
tube. The local flow speed is kept low
enough to prevent eddy shedding. By plac-
ing the tube in the low-speed part of the wind
tunnel (just ahead of the contraction), the
technician can make the actual test speed
much higher than the local speed around
the smoke generator.

(See page 116.)

Static-Suppressing
Optical Paint

An electrically conductive flat black paint
adheres well to magnesium, aluminum, fi-
sorbs stray light in optical instruments while
preventing the buildup of electrostatic fields
and arcing. It consists of a primer and a top-
carbon-black powder. The primer has a two-
part epoxy base, and the topcoat has a poly-
urethane base.

(See page 107.)
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Nonyellowing
Polycarbonate for
Outdoor Use

A two-step photochemical process pre-
vents the yellowing of polycarbonate plas-
tics. The use of polycarbonate plastics is
growing in windows, aircraft glazing, and
streetlight globes. However, outdoor expo-
sure of originally-clear polycarbonate
causes Yyellowing, often within a few days.
The new photochemical process creates sta-
bilizers that become bound to the polymer
chains and therefore cannot be leached
out.

(See page 99.)

Long-Life Cryogenic
Cooler

A Stirling cycle cryogenic cooler would
operate unattended at 65 K for more than 3
years to cool infrared detectors and other
scientific instruments. The new cooler,
which uses magnetic bearings, small pis-
ton/cylinder clearance seals, and linear
motors, consists of compression and ex-
pansion sections connectedendtoend. The
compression section houses a reciprocat-
ing hollow piston driven by a linear motor.
(See page 140.)

i

Copyboard Quickly Makes
Clean Printing Plates

A vacuum copyboard for printing shops
keeps a camera-ready original clean and in
the proper position for making plates. The
copyboard is intended for use on an electro-
static platemaker consisting of a lighttight
plate container, processing tank and dryer,
lamps to illuminate the copyboard, and a
camera lens focused on the copyboard. The
copyboard allows the camera-ready original
to be properly positioned, then holds it for
photography. A bleed valve allows the vacu-
um in the copyboard box to be adjusted for
small or large originals.

(See page 152.)
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Aircraft Canopy Lock

A lock for an aircraft canopy can be oper-
ated from both inside and outside the cockpit
but is unlikely to be actuated by accidental
pilot movements or aerodynamic forces
during flight. To unlock the latch from the in-
side, the pilot pulls a knob out from the cock-
pit wall to disengage a pull pin froma recess.
Once the pin is disengaged, the arm on
which the knob is mounted can be rotated.
The motion of the arm is transmitted by a
pair of linked rods to a pair of hooks, thus
causing the hooks to disengage from a pair
of pins on the canopy. The canopy is then
free to open upward.

(See page 114))

ouTmoe w0t

Air Bearing for Small
Planar Vibrations

An air bearing allows small linear dis-
placements in any direction in a horizontal
plane as well as rotation about a vertical
axis. It can support a large mass at the end
of a long arm, yet it transmits no micro-
phonic or other vibrations to the mass. The
bearing includes a movable Y-shaped slide
sandwiched between two fixed support
plates. The slide supports an object tobe os-
cillated linearly or rotationally in a plane.
Pressurized air forms a cushion above and
below the plate. The bearing was originally
developed for stirring crystal-growth liquids
in containers.

(See page 132.)
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Fastening Parts
Having Mismatched
Thermal Coefficients

A new fastener minimizes thermal
stresses and maintains a snug fit between
materials with different thermal-expansion
coefficients. It is particularly useful in joining
carbon/carbon composite materials to
metals or other composites. A conical-head
bolt and metai washer are the main compo-
nents of the fastener which does not
become looser or tighter as the tempera-
ture changes.

(See page 137.)

Aircraft Control-Position
Indicator

The maintenance-free aircraft control-
position indicator is a cockpit-mounted in-
strument that displays the positions of the
elevator and the ailerons to the pilot. The dis-
play, which is mounted in a standard flight in-
strument case, is a cruciform array of lights:
A horizontal row of amber lights and a verti-
cal row of green lights represent aileron and
elevator positions, respectively. All indi-
cators are electronically driven by instantly
acting transducers and an integrated circuit
that senses the analog voltage level, provid-
ing a zero-lag display and easy readability
under all light conditions.

(See page 54.)

Wide-Grasp Latching
Mechanism

A latching mechanism grasps a bar lo-
cated within a relatively wide envelope of
possible positions, retains the object, and
releases it on command. The large accep-
tance envelope reduces the accuracy with
which the object must be positioned for cap-
ture by the latch. A rack and pinion drive the
fingers. A worm/spur gear, powered by a
worm gear at a 90° angle, drives the rack
and pinion. The movement of the fingers
can be halted at any point in the latching and
unlatching sequence.

(See page 141.)

Microprocessor-Controlled
Laser Balancing System

A microprocessor-controlled laser bal-
ancing system has been developed for
automatic dynamic balancing of rotating
components. This system provides com-
plete and accurate balancing in a single
load-and-spinup cycle. It computes all bal-
ance plane corrections simultaneously and
then uses a pulsed laser for precise material
removal, even from parts that may be inac-
cessible for installation of conventional
correction weights. Since the unbalance
correction is performed by the laser under
microprocessor supervision as the part
rotates, human error and rejected work-
pieces are virtually eliminated.

(See page 118.)
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BREAKTHROUGH:

TAKE THE HEADACHES OUT
OF HIGH ALTITUDES.

Planes going a long distance fly at high altitudes
to conserve fuel. But at those altitudes, some oxygen
atoms cluster together in threes to form ozone that
can give passengers headaches and respiratory
problems.

Our engineers reasoned that it is easier to pull
the ozone apart than to build heavy filters to keep
it out. A concept was developed using catalytic
screens in the air ducts to attract the ozone for an
instant as it passes, allowing the atoms to reform
as oxygen and literally turning a noxious gas into a
breath of fresh air.

We're creating breakthroughs not only in airline
travel, but in space manufacturing, information
systems, and helicopter design and production.

We're McDonnell Douglas.

Material used is Deoxo

catalyst substrate ozone abater
manufactured by Englehard Corporation
Specialty Chemicals Division.
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MCDONNELL
DOUGLAS

¢ 1984 McDonnell Douglas Corporation
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Spill-Detector-and-Shutoff
Device

A new device rapidly detects and stops
overfiow in liquid chromatography systems.
The spill-detector-and-shutoff device incor-
porates a liquid sensor. When liquid is spilled
on the liquid sensor, the device automatically
stops the pumping action and causes a pli-
able flow tube to be pinched. The tube is
pinched with a plunger actuated by a solenoid.
(See page 129.)

Foam Insulation for
Cryogenic Flowlines

Welded stainless-steel vacuum jackets on
cryogenic ducts can be replaced by plastic
foam-insulation jackets that weigh 12 per-
cent less. The new insulation, which is eas-
ier to install than the vacuum jacket, has
layers of material that protect, hold, and
bond the foam. Moreover, the foam is less
sensitive to damage and requires minimal
maintenance. It resists vibration and is ex-
pected to have a service life of at least 10
years.

(See page 96.)
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Thermosetting
Phthalocyanine
Polymers

A group of phthalocyanine polymers
made either of two classes of monomers re-
sist thermal degradation up to 500° C. One
class consists of bisphthalonitriles with im-
ide linkages. The other monomer class con-
sists of bisphthalonitriles with ester-imide
linkages. A monomer is polymerized by
heating in the presence of cuprous chloride
and an inert atmosphere. The principal ap-
plication of the new polymers would be in
molded or laminated parts that have to with-
stand high temperatures.

(See page 91.)

N

MONOMER
y A BISPHTHALONITRILE|
oo WITH IMIDE LINKAGE
PHTHALOCYANINE POLYMER

Contact Heat Exchanger

A segmented interface moved by fluid
pressure controls the amount of heat trans-
ferred between a heat pipe and a circulating
heat exchanger. The device consists of split
cylindrical heat-exchanger sections made of
soft-aluminum tubing with small flow tubes
brazed on the outside. Gas or hydraulic pres-
sure applied across a flexible metal diaphragm
forces these cylindrical heat-exchanger sec-
tions into contact with matching sections of
the heat pipe evaporator.

(See page 117.)

NASA Tech Briefs, Spring 1985




WYLE WORKS IN SPACE...

The commercialization of space repre-
sents the biggest marketing opportunity in
decades. Research in a weightless environ-
ment is taking place in areas from micro-
biology to macro-defense systems.

Wyle Laboratories has been a pioneer
in the development of commercial applica-
tions for space. We've been supporting the
NASA Space Commercialization Task Force
and we're participating in space station
definition requirements and NASA/industry
sponsored workshops.

Wyle is supporting definition of Space
Station architecture, missions and payloads,
data base development, and definition of
industrial requirements under NASAs Space
Commercialization Program.

We also support industry. For example,
Wyle has helped to qualify the unique
McDonnell Douglas electrophoresis systems
hardware under their joint endeavor
program with NASA.

Wyle can support you in these key areas:
» Systems Concept Design and Definition
Studies
» Technical and Economic Feasibility Studies
* Hardware Qualification, Verification
and Safety Analysis
* Management Information Systems
* Experiment Data and Hardware
Performance Analysis
* Interface Support Between Industry
and NASA
Wyle Laboratories serves both industry
and government. To find out how you can
benefit from our experience, contact
Dave Christensen or Bill Vardaman at
205/837-4411.
SCIENTIFIC SERVICES

WYLE :eie

LABORATORIES GROUP

The nation's leading independent testing laboratory:.

Huntsville, AL Arlington, VA Norco, CA
Lanham, MD El Segundo, CA Hampton, VA
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Measuring Recombination Velocities in

Solar Cells

A scanning-electron-microscope beam would probe BSF cells.

NASA's Jet Propulsion Laboratory, Pasadena, California

An electron-beam scanning method
has been suggested for determining the
back-surface recombination velocity,
Sg, of a back-surface-field (BSF) solar
photovoltaic cell. The recombination
velocity is important because a smaller
value is correlated with smaller satura-
tion current and therefore higher cell ef-
ficiency. The method involves analyzing
the short-circuit current measured while
an electron beam is scanned along an
edge of the cell.

Figure 1 gives a cross section (not to
scale) of a BSF cell and the measure-
ment geometry. The electric field of the
plp Tt junction confines the minority car-
riers (the electrons) to the bulk p region
away from the ohmic back contact. The
minority carriers therefore experience a
considerably lower recombination
velocity at the back surface than they do
in cells with simple ohmic back con-
tacts. While Sg is infinite for an ohmic
back contact, it would ideally be zero for

ELECTRON

,../ BEAM

n* . DOPED

FRONT-SURFACE
LAYER =

THIS SURFACE
ILLUMINATED
IN USE

0.2 um TYPICAL

SURFACE OF
EDGE OF CELL

JUNCTION |
THICKNESS s
1 | OHMIC
THICKNESS OF BULK CONTACT
SILICON
£ 50 TO 200 um

Figure 1. A Back-Surface-Field Silicon Solar Cell is probed by an electron beam that
lies in a plane parallel to the faces and strikes the edge of the cell at depth x4. The
electron beam is conveniently generated by a scanning electron microscope.
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a "‘perfect" BSF cell: In practice, Sgof a
typical BSF cell lies between a few hun-
dred and a thousand cm/s.

The theory of the method assumes a
30-keV electron beam, for which the
radius.of the volume of interaction with
the bulk silicon of the cell is about 4 um.
In contrast, typical diffusion lengths are
around 100 um, and the bulk thickness,
d4, is at least 50 um. Therefore, the in-
teraction volume may be considered a
point source of electron/hole pairs to
simplify the theoretical diffusion analy-
sis. Based on this assumption, an equa-
tion has been derived for the relative
short-circuit cell current |y as a function
of the beam position x4, the diffusion
length L, the diffusion constant D, the in-
teraction depth z;, the recombination
velocity St at the surface struck by the
beam, and the previously defined quan-
tities d4 and Sg.

A sample plot of Iy vs. x4 for various
values of Sg is shown in Figure 2. One
“brute-force” method for finding Sg and
the other parameters is to calculate
curves of Iy vs. x4 for many different
values of each parameter, then to select
the curve that most closely approx-
imates the measured |y vs. x4. A faster,
less accurate approach might be to
assume values for all the parameters ex-
cept Sg, then to select the value of Sg for
which the theoretical curve best match-
es the curvature of the measurement
curve.

This work was done by Oldwig
vonRoos and Keung L. Luke of Caltech
for NASA’s Jet Propulsion Labora-
tory. For further information, Circle 54
on the TSP Request Card.
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Figure 2. The Theoretical Relative Short-Circuit Cell Current generated by the electron
beam is shown as a function of the beam position, x4. The recombination velocity Sg
is determined by matching such a curve to a set of measurements.
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Hybrid Fiber-Optic/CCD Chip

Unit features low noise, high linearity, and high speed.

NASA's Jet Propulsion Laboratory, Pasadena, California

The low noise and linearity of charge-
coupled devices (CCD’s) are combined
with optical waveguide components in a
hybrid, integrated chip package. The
concept is planned to be used to meas-
ure the laser flux in a fiber-gyro appli-
cation using sensing fibers that could
range from several to several tens of
kilometers in length. The optical chip is
near-shot-noise-limited by virtue of
extremely small size and operates with a
quantum efficiency of about 80 percent.
Other potential applications include
optical delay measurement and as a
linear detector of light flux emanating
from fiber-optic waveguides.

The chip layout is shown in Figure 1.
The CCD detector is also a shift register
that operates in a gated mode, typically
at a clock rate of 10 MHz per phase in a
three-phase application. The CCD ele-
ments are typically 30-um square.
Assuming a single-mode fiber diameter
of 6 to 12 um, a single element could
collect all the light from the fiber.

As the outgoing laser pulse begins to
travel along the fiber-optic path, reflec-
tions from components on the chip and
backscatter from the fiber cause a spuri-
ous signal to reach the detector. Initially
large, this signal drops rapidly. It is nec-
essary to remove the spurious signal be-
fore the arrival of the weaker return sig-
nal, which is the signal to be measured.

Figure 2 illustrates how the detector
is swept clean. During the outgoing laser
pulse and for about 10 us, the gate re-
peatedly shifts the detector vertically,
thereby transferring out the charges
generated by the spurious light signals.
The rapid vertical charge sweeping is
stopped just before arrival of the trans-
mitted signal. The clock is then slowed,
and the return signal is integrated and
transferred out. Three vertical transfers
are required to get the signal down to the
output register. The signal is then trans-
ferred horizontally in the output register
until it arrives at the output circuitry.
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2% in.

I (6.35 cm)

Figure 1. This Integrated Chip combines a CCD with a fiber-optic waveguide. The chip
comprises all the passive and active optical elements needed to connect with a fiber-

optic sensing coil for a fiber gyroscope.
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Figure 2. Backscatter and Reflections are swept out of the CCD by rapid vertical transfers
to eliminate detector swamping. The rapid vertical transfers are stopped just before the
arrival of the return signal. Horizontal transfers sweep the signal out of the output register

of the CCD to the following stage.

This work was done by Willis C. Goss
and James R. Janesick of Caltech for
NASA’s Jet Propulsion Laboratory.
For further information, Circle 56 on the
TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
NASA Resident Office-JPL [see page
29].. Refer to NPO-16030.
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Digital High-Current Monitor

Technigue measures and digitally displays direct
current up to several hundred amperes.

Langley Research Center, Hampton, Virginia

A simple technique has been developed
for monitoring direct currents up to several
hundred amperes and digitally displaying
the values directly in current units. This
technique can be used to monitor current
magnitudes that are beyond the range of
standard laboratory ammeters, which typi-
cally measure 10 to 20 amperes maximum.

A low-value resistor such as a 50-mV
shunt is connected in series with a power
supply in the supply remote sensing loop in
order to eliminate the voltage drop across
the resistor. For most applications, the
resistor may be connected outside the loop
since the drop is so small. The voltage
across the resistor is monitored by a digital
multimeter that has an X * Y math capabili-
ty; i.e., that can multiply the input voltage by
a constant and display the resulting current
value digitally. For example, a 50-mV,
150-ampere shunt would require a multipli-
cation factor of 150/0.050, or 3,000. If the
shunt voltage were 0.025 volts, the meter
would display a load current of 0.025 x
3,000, or 75 amperes.

One commercially available meter with

0.025v

. SUPPLY

X * Y MATH
CAPABILITY

>
:LOAD

The Voltage Across a Low-Value Resistor Is Monitored by a multimeter with X * Y math

capability.

an X * Y math capability, used in the pro-
totype device, has four input channels so
that four different shunt circuits can be
scanned continuously and the current
values printed if desired. This technique is
applicable to any current-monitoring

situation.

This work was done by Bob Cash of
Martin Marietta Corp. for Langley Re-
search Center. No further documentation
is available.

LAR-13072

Improved Thick Dichroic Reflector for Microwave Feeds

The geometry of a reflector plate is adjusted
to compensate for undesired effects.

NASA's Jet Propulsion Laboratory, Pasadena, California

A small design change reduces de-
polarization and noise in a thick micro-
wave dichroic reflecting plate that is
tilted 30° from an orientation broadside
to the incident beam. For all incident
polarizations, the change makes the
tited plate exhibit the same electrical
thickness that is presented by the un-
modified, untilted plate.

As shown in Figure 1, the unmodified
dichroic reflector is a thick plate with a
hexagonal array of holes. When a cir-
cularly polarized beam is normally inci-
dent, the plate is nearly transparent at
the resonant frequency. However, the
plate is ordinarily tilted in use, so that
there is a geometric difference between
the discontinuities in the free-space-to-
circular-waveguide transitions in the E-
and H-planes. This difference shifts the
E- and H-plane resonances to two dif-
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ferent frequencies (one above and one
below the normal-incidence resonant
frequency) and gives rise to a dif-
ference in phase shift between the E-
and H-planes.

The resonance shift and phase-shift
difference result in partial depolarization
of an incident circularly polarized beam,
as well as undesired reflection at a fixed
operating frequency. In the case of
Figure 1, the resonant frequency of
8.415 GHz is split into 8.481 GHz and
8.363 GHz, the differential phase shift is
11.3°, the ellipticity is 1.84 dB, and the
undesired power-average reflected-
energy level is —186 dB at the
8.415-GHz design frequency.

The deficiencies are corrected by
making the holes slightly noncircular in
cross section to introduce a compen-
satory phase-shift difference between

the E- and H-planes (in this case,
—11.3°). The original hole-to-hole spac-
ing and plate thickness are retained, but
each hole is made with a pair of flats on
opposite sides (see Figure 2), and the
diameter of the remaining circular part
is slightly changed. The electrical thick-
nesses of the modified plate in the E-and
H-planes at the original resonant fre-
quency then correspond to those of the
unmodified plate at the split resonant
frequencies.

In the case of the figures, the correc-
tion is achieved by enlarging the hole dia-
meters only 0.013 cm and introducing
flats of 0.043-cm depth. To test the
redesigned holes, a sample section of
plate measuring 35 by 53 cm was fabri-
cated. The holes were made with a
broach. The best performance was
measured at the design frequency of
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Figure 1. This Dichroic Reflector is designed for a resonant frequency of 8.415 GHz. The
plate is 3.576 cm thick, with 2.273-cm-diameter holes spaced 2.388 cm center-to-center.

8.415 GHz. No pattern distortion, grating-
lobe response, or other unexpected ef-
fects were observed. The ellipticity pro-
duced by the plate was reduced from 1.8
to 0.4 dB. The power-average reflection-
lobe level was reduced to —24.5 dB.

2.286 cm

2.200 cm

HOLE DETAIL

Figure 2. The Modified Dichroic Reflector
resembles the dichroic reflector of Figure
1, except that the holes include flat side
portions and round portions of slightly
larger diameter.

This work was done by Philip D. Potter
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 60 on the TSP Request Card.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
NASA Resident Office—JPL [see page
29]. Refer to NPO-13506.

Tiltmeter Indicates Sense of Slope

The output of a dc bridge circuit

depends on the tilt angle.

NASA's Jet Propulsion Laboratory, Pasadena, California

A tiltmeter that indicates the sense as
well as the magnitude of a slope can be
used in locations where the incline is not
visible to the operator. Use of direct
rather than alternating current greatly
simplifies the design of an instrument
capable of indicating the sense of the
slope. Limiting the applied voltage to a
maximum of about 0.5 volts avoids sen-
sor damage that could otherwise result
from the use of direct current. The dc ex-
citation is applied across two outer elec-
trodes and a center electrode in a three-
electrode sensor connected in a bridge
circuit (see figure).
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Since the electrodes are immersed in
an electrolyte that remains level while the
sensor follows the tilt of the body on which
it is placed, more of one outer electrode
and less of the other are immersed and
their resistances fall or rise, respectively.
The resistance change causes a change
in the output voltage of the bridge circuit.

Power for the instrument is furnished
by a battery of two “AA" electrochemical
cells. An operational amplifier provides an
adjustable, regulated, low voltage to a
measuring bridge. The sensor forms the
two lower legs of the bridge, and two
1,000-ohm metal film resistors and a

200-ohm cermet balance potentiometer
form the two upper legs.

The sensor is mounted with adhesive in
a V groove in an aluminum base. A slot in
the base accommodates the sensor ter-
minals and lead wires. A cover protects
the sensor from damage. Other compo-
nents are mounted on a printed-wiring
board. The board is equipped with banana
plugs so that the bridge output can be
connected directly to the digital multi-
meter that reads out the measurements.

In preparation for use, the bridge is
balanced by adjusting the balance poten-
tiometer so that the bridge output voltage

NASA Tech Briefs, Spring 1985



INTRODUCING THE LATEST IN DATA GENERALS
ALI:STAR FEDERAL LINEUP:

THE DATA GENERAL/One’
PORTABLE.

Free yourself from the confinement of your desk-
bound computer, with the first full-function system for the
Federal manager that lets you work anywhere.

The DATA GENERAL/One portable offers the capa-
bility of the leading PC in a size small enough to fit inside
the average briefcase: 11.7 x 13.7 x 2.8 inches, and less
than 11 pounds.

It's the only portable with a full-size 80-column by
25-line screen.

It's compatible with IBM®-PC software, so you can
run the programs available to PC users. Software like
1-2-3™ and Symphony™ from Lotus;” Wordstar? dBase II?
Multiplan? pfs® file and Flight Simulator 1.

It's the only portable with two built-in 720 KB
diskette drives, giving you twice the storage capacity of
the leading PC. And memory is expandable up to 512 KB.

Options include a built-in modem, a portable

.

BPdEsEs '\3‘\

printer, an 8-hour built-in battery
pack, an external 1200-baud
modem and an exter-
nal 5.25-inch  yassssoy
diskette st T ;
drive.

To find out more about the portable that gives you
what the leading PC gives you—as well as your freedom—
call 1-800-DATAGEN.

IBM is a registered trademark of International Business Machines Corporation. 1-2-3, Lotus and
Symphony are trademarks of Lotus Development Corp. © 1983. dBase Il is a registered trademark of
Ashton-Tate. Wordstar is a U.S. registered trademark of Micro Pro Int'l. Multiplan is a U.S. registered

trademark of Microsoft Corp. pfs is a registered trademark of Software Publishing
DATA GENERAL/One is a trademark of Data General Corp. © 1984 Data General Corp., Westboro, MA

= —_—

It has two built-in diskette drives and runs thousands of IBM-PC programs
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is zero when the sensor is level. Next, the
bridge input voltage (dc excitation) is ad-
justed to provide about 10 millivolts output
per degree of slope, the polarity indicating
the sense of the slope. This scaling factor
allows the multimeter to read directly in
degrees if the user makes a mental shift of
the meter decimal point. The scaling-
factor calibration is done at several
angles to determine the curve of output
voltage versus angle. (In general, this
curve is nonlinear but satisfactorily ap-
proximates linearity for angles up to about
5degrees. Asupply voltage of 0.410 volts
was found to give the desired scale.

This work was done by James O.
Lonborg of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 73 on the TSP Request Card.
NPO-16153

OUTPUT TO
> DIGITAL
VOLTMETER

SENSOR

The Tilt Sensor Forms Two Lower Legs of a resistance bridge. Because the currents in the
bridge are dc rather than ac, the polarity of the output to the digital voltmeter indicates
the sense of the slope on which the sensor rests.

Dual-Mode Horn Antenna for Millimeter Wavelengths

Beam has nearly equal shapes
in the E- and H-planes.

NASA's Jet Propulsion Laboratory, Pasadena, California

A millimeter-wave feed horn exhibits
nearly equal beam-intensity patterns in
the E- and H-planes as well as low side-
lobe levels. The horn includes a circular
waveguide, a step transition, and a
conical section (see figure). The feed
waveguide receives energy in the TE44
mode, and the step transition converts
some of this energy to the TM;; mode.
The TE44 and TM;; modes radiate from
the horn aperture with their main lobes
in phase.

The design is a simplified version of
the Potter feed-horn design, which
includes a matching iris in the circular
waveguide and a step transition to an
intermediate larger circular-waveguide
phasing section adjacent to the cone.
The new feed horn is easier to construct,
in part because of the simpler shape. In
addition, a reduction in the phase
change between the step transition and
the aperture increases the bandwidth,
thereby reducing the precision required
to manufacture the phase-sensitive
dimensions of the horn.

Models for wavelengths of 0.5 and
1.4 mm were made by electroforming
copper on an aluminum mandrel. Models
for wavelengths of 3.1 and 34.2 mm were
turned directly on a lathe.

42

1.30
1.02

///l//[///////

///T//////////

|

10.62 |

r

This Feed Horn is relatively easy to make, radiates similarly shaped beams in the E- and
H-planes, has a well-defined phase center, and has a usable bandwidth of 10 to 20 percent
of the design frequency. The dimensions shown here are in wavelengths at the design

frequency.

The far-field patterns of the models
were measured in the E- and H-planes. In
each case, the patterns were equal within
1 dB, down to the —10 dB level. The
average half-power beam width was 6°
half angle. Far-field measurements for
the 34.2-mm horn showed a well-defined
phase center 6.46 wavelengths inside the
aperture. The waveguide reflection loss
was measured over a 30-percent band-

width centered at 34 mm. The reflected
power was less than —23 dB over the
whole band, corresponding to a voltage
standing-wave ratio of 1.15.

This work was done by Herbert M.
Pickett of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, Circle 17 on the TSP Request
Card.

NPO-16297
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Flux Coupling for Wheelchair Battery Chargers

Mobile units plug in magnetically

instead of electrically.

NASA's Jet Propulsion Laboratory, Pasadena, California

A battery-charger concept for wheel-
chairs includes magnetic-flux coupling
instead of electrical connections between
power sources and wheelchairs. The con-
cept is meant to facilitate operation by
patients whose disabilities make it difficult
or impossible to maneuver common elec-
trical plugs into or out of ac wall outlets.

In the new charger concept, the trans-
former core is split (see figure). The
primary winding and half the core are
mounted at the charging station at a
standard distance above the floor. The
secondary winding and the remaining half
of the core are mounted on the wheel-
chair at the standard height. The rest of
the charging system, including the power-
conditioning electronics and the battery,
is also mounted on the wheelchair.

The patient maneuvers the wheelchair
into a position in which the two core
halves are approximately alined with
each other. Two tapered shafts on the
wheelchair half mate with two tapered
holes on the charging-station half to
complete the alinement as the wheel-
chair is moved toward the charging
station. The core halves are mounted on
springs that absorb small vertical and
horizontal misalinements.

This work was done by Colonel W. T.
McLyman of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, Circle 52 on the TSP
Request Card.

NPO-16269

WALL AT
CHARGING STATION

SPRING-MOUNTED

PRIMARY SECONDARY
WINDING WINDING
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TRANSFORMER HALF OF
MOUNTED ON TRANSFORMER
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FACESY s
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Power is Coupled from the stationary (charging-station) unit to the mobile (wheelchair)
unit by bringing the two transformer-core halves together to complete the magnetic-flux
path. Tapered holes and shafts help to aline the magnetic-core halves.

Signal Processor for Multirate PSK Signals

A hard-limiting Costas loop improves
performance for NRZ and Manchester data.

Lyndon B. Johnson Space Center, Houston, Texas

Any of six different data formats at
any of five different data rates from a
phase-shift-key (PSK) modulated input
signal is extracted by a digital radio

NASA Tech Briefs, Spring 1985

receiver originally developed for the
Space Shuttle. The ability to handle 30
different input combinations with a
minimal number of filters is a result of

the use of a hard-limiting Costas loop in
the receiver (see figure). The loop makes
it possible for the receiver to accept
data in Manchester code as well as in
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The Subcarrier Demodulator is a Costas loop with a hard limiter in the inphase arm. There are six low-pass filters, each selectable for the

rate and format of data to be processed.

nonreturn-to-zero (NRZ) code. The hard-
limiting loop outperforms the conven-
tional Costas loop for signal-to-noise
ratios greater than 2 dB in both NRZ and
Manchester formats.

The receiver extracts data from a

1.024-MHz subcarrier that is PSK-modu-
lated in either Manchester or NRZ format
at 1, 2, 4, 8, or 16 kilobits per second. It
has performed successfully in bread-
board and engineering-model tests.

This work was done by Richard J.

Helgesen of TRW, Inc., for Johnson
Space Center. For further information,
Circle 53 on the TSP Request Card.
MSC-20195

SAW-Modulated Image Device

Image resolution is varied by adjusting

the modulation frequency.

Langley Research Center, Hampton, Virginia

A proposed imaging device uses
surface-acoustic-wave (SAW) charge
transfer for image readout. The spatial re-
solution of the image can be changed
electronically by changing the frequency
of an applied signal.

In the proposed device (see figure),
surface acoustic waves create traveling
longitudinal electric fields. These fields, in
turn, create potential wells that carry
along stored charges. The charges are in-
jected into the wells by photoelectric con-
version when light strikes the device.

Several SAW charge transfer devices
are constructed side by side on a mono-
lithic substrate, such that the traveling
longitudinal electric fields created in the
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substrate are in evenly spaced parallel
straight lines. Each charge transfer
device is fed by two frequency sources.
The first frequency source (f;) creates
traveling electric fields along the straight
lines in one direction. The second fre-
quency (fo), a harmonic of the first, results
in a traveling longitudinal electric field in
the opposite direction. The second fre-
quency signal has the same amplitude as
the first frequency signal and is phase
stable with respect to it.

The traveling longitudinal electric fields
superimpose to create a standing wave
at a frequency equal to the difference
between the frequencies of the input
signals. Consequently, when light strikes

the device, charges are stored in the
wells of the standing waves.

After the charge is stored, the second
frequency signal is removed, causing the
standing wave to break up. When this
happens, the traveling longitudinal elec-
tric field caused by the first frequency
signal pushes the charges through the
device. An electrode for each standing
wave is located so that the charges can
be removed from the device and applied
to an external circuit. The magnitude and
time of arrival of each charge are indica-
tive of the intensity of the light and the
spatial location of that intensity. The sec-
ond frequency can be changed to vary
the spatial resolution of the device.

NASA Tech Briefs, Spring 1985



This work was done by Harry F. Benz
of Langley Research Center. Further
information may be found in the U.S. oL
Patent referenced below, which may be
purchased for $0.50 a copy from the FROM LIGHT v
U.S. Patent and Trademark Office, SOURCE Y
Washington, D.C. 20231.

This invention has been patented by FREO'JENCY -—\pf-- FnEo'l?Ech
NASA [U.S. Patent No. 4,279,001]. In- SOURCE SOURCE
quires concerning nonexclusive or ex-
clusive license for its commercial
development should be addressed to
Howard J. Osborn, Langley Research
Center, Mail Code 279, Hampton, VA
23665, Telephone: (804) 865-3725. =
Refer to LAR-12633.

zn0
UTILIZATION
$i0p CIRCUIT
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The Imaging Device includes an n-type silicon substrate, a thermally grown silicon
dioxide layer, and a sputtered film of piezoelectric ZnO. A ground electrode is deposited
on the substrate. A transparent metallic biasing plate deposited on the piezoelectric
layer is connected to ground through a variable voltage. The biasing plate enhances the
acoustoelectric potential at the silicon dioxide interface, resulting in higher efficiency. A

charge detecting diode is located in the silicon layer.

Damping Relaxation Oscillations in Laser Diodes

Modulation frequency could be varied from dc
to near resonance in proposed device.

NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed semiconductor laser
could be modulated at frequencies up to
near its resonant frequency more effi-
ciently than could older devices. Until
now, two of the ways to prevent relaxa-
tion oscillations at resonance have been
to connect an untuned impedance in
parallel with the laser diode or to diffuse
carriers out of the active region. Both
methods consume a significant fraction
of the laser current even at frequencies
far from resonance, where damping of
relaxation oscillations is not needed. A
tuned parallel impedance gives some
improvement, but is ineffective when the
resonant frequency changes because of
aging or a shift in the laser bias.

The new laser would use two different
effective carrier lifetimes: one for dc and
low-frequency operation and another for
operation near the resonant frequency.
The laser would be part of a bipolar tran-
sistor with a capacitor that serves as an
ac short circuit (see figure). The laser ac-
tive region would be part of the tran-
sistor emitter.
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This Dual-Carrier-Lifetime laser is part of a transistor in which the emitter is the light

source.
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At dc and low-frequency modulation,
there is only a small reduction in carrier
lifetime by the recombination of carriers
leaking from the active region into the
base. At frequencies near resonance,
however, the photon and carrier popula-
tions decouple, and a carrier-density
gradient is set up in the active region.
Since the collector/base junction is
short circuited for ac, the excess carrier
concentration there is zero. In the base,
on the other hand, a large diffusion cur-

rent created by the carrier-density gra-
dient causes a large leakage current out
of the active region, and the effective
carrier lifetime is reduced there.

This damping mechanism comes into
play only near resonance. The efficient
operation of the laser is not affected at
other frequencies. An additional advan-
tage arises from the fact that both tran-
sistor junctions are forward biased: The
laser can be operated as a two-terminal
device with dc bias applied at one ter-

minal and modulation applied at the
other terminal.

This work was done by Joseph Katz,
Amnon Yariv, and Shlomo Margalit of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 29 on the TSP Request Card.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
NASA Resident Office-JPL [see page
29]. Refer to NPO-15980.

Protective Cover for IC Packages
Aluminized plastic protects integrated

circuits from static discharge.

NASA's Jet Propulsion Laboratory, Pasadena, California

A snap-on cover shorts the leads of an
integrated-circuit flatpack to prevent
damage from electrostatic discharges
during transport, installation, or other
handling before final testing. The cover
is removed only during lead bending and
testing. Although originally developed by
NASA for use with flatpacks for space-

craft electronics, the design can be
adapted to other package shapes.

The protective cover shown in the fig-
ure is fabricated in plastic, such as
molded PVC, and is aluminum-coated on
all sides by vacuum deposition. Alumi-
num-coated Mylar (or equivalent) strips,
0.001 to 0.002 in. (25 to 50 um) thick, are

bonded to the inner surfaces using a
conductive adhesive. The conductive
strips short the flatpack leads.

This work was done by Thomas J.
Borden of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further infor-
mation, Circle 57 on the TSP Request
Card. NPO-15537

RETAINING
SPRING

L

AI-COATED L
MYLAR oA
0.001 TO 0.002-in.
THICK RETAINING
SPRING
DETAIL A-A DETAIL B-B

Ld T AR C oS

WITH INSTALLED FLATPACK

The Protective Plastic Cover is aluminum-coated on all surfaces. Aluminum-coated strips are bonded to the inner surfaces. Springs
molded into each end of the cover secure it on the integrated circuit.
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Recovering Energy From Relays

Circuit returns inductively stored

energy to the powerline.

NASA's Jet Propulsion Laboratory, Pasadena, California

The magnetic energy stored in a relay
is recovered with the aid of a simple cir-
cuit. The circuit recovers more than 20
percent of the energy stored in the relay
winding and returns it to the powerline.

Ordinarily, a standard commercial
single-coil relay is equipped with a sup-
pression circuit consisting of a diode
and a resistor (see figure). When the
relay coil current is turned off, the sup-
pression circuit disposes of the energy
stored in the coil and thereby prevents
arcing and transient voltages. When the
relay transistor Q, is on, there is current
in the coil Ly. When Q; is turned off, the
energy stored in the coil is dissipated in
the resistor R.

It would be possible to recover the
energy by adding a winding that is induc-
tively coupled to the original winding.
However, the extra winding would add
considerably to the cost of the relay. As
before, when transistor Q, is on, there is
current in coil Ly. When Qj is turned off,
the energy in L, is transferred to the add-
ed coil Ly, commutated through D, and
returned to the source.

The new three-transistor driver cir-
cuit, however, requires no additional
winding. When transistor Qg is on, tran-
sistors Q; and Q, are on, and there is
current in coil Ly. When Qg is turned off,
Q4 and Q, are also turned off. The
energy stored in L4, which acts as an
isolated voltage source, is commutated
through diodes D4 and D, and returned
to the source.

This work was done by Colonel W. T.
McLyman of Caltech for NASA’s Jet
Propulsion Laboratory. For further in-
formation, Circle 111 on the TSP Re-
quest Card.

NPO-16268
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SUPPRESSION
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EXTRA COIL

THREE-TRANSISTOR DRIVER

Three Ways of Handling Energy released by a turned-off relay are to dissipate it in a sup-
pression circuit, to return it to the line with the aid of an extra relay coil, and to return it to
the line with the aid of a three-transistor, two-diode circuit. The last method not only saves
energy but also uses only inexpensive components. Solid arrows indicate current when
relay is on. Dashed arrows show current immediately after turnoff.

Resistive Fine Tuning of Resonant Circuit
Freguency is continuously adjustable

over a narrow range.

NASA's Jet Propulsion Laboratory, Pasadena, California

A simple fixed-inductancel/fixed-ca-
pacitance tank circuit is modified for
fine adjustment of the resonant frequen-
cy by the addition of a small inductance
with a potentiometer across it. The addi-
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tional winding could be built into the full
winding as an integral part or could be
added externally, as in the circuit of
Figure 1. A typical value of the addi-
tional inductance would be about 10

percent of the main inductance.

With the tuning capacitor connected
to the potentiometer cursor instead of to
the end of L4, the resonant frequency is
continuously variable via the potentio-
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Figure 1. A Simple Tank Circuit Is Modified
by the addition of a small inductance, L,,
and a potentiometer, R, to enable fine
adjustment of the resonant frequency.

meter adjustment. When the tap is at the
end of L, the inductance is lowest and
the frequency is highest. The opposite is
the case when the tap is at the outer end
of L2.
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Figure 2. The Fine-Tuning Circuit is used here to adjust the frequency of a sine-wave

oscillator.

This technique provides a quick way of
tuning the reactance out of a power-
transformer circuit to maximize power
transfer or to adjust the frequency of an
oscillator like the one in Figure 2. Likely
applications include rotary transformers,
servo amplifiers, and analog computer
modules.

Some care must be taken in the use
of this technigue and in the selection of
the potentiometer. The potentiometer
resistance may critically damp or over-

damp the circuit, thereby destroying the
resonance. In such a case, one may
have to resort to such conventional tun-
ing means as variable capacitors or in-
ductors, switchable chains of fixed
capacitors, transformer taps, or ftrial-
and-error selection of components.

This work was done by Colonel W. T.
McLyman of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 79 on the TSP Request Card.
NPO-16276

Telephone Instrument for the Deaf
Letters and numbers would be transmitted

by tones to a decoder.

John F. Kennedy Space Center, Florida

A proposed telephone-communication
scheme for the deaf would use existing
tone-encoded telephone equipment to
transmit messages. The only special equip-
nent required is a decoder at the receiving
telephone. A deaf person, if able to speak,
could verbally instruct a hearing person at
the other end how to transmit messages.

In the proposed system, numbers would
be transmitted by pressing the number but-
tons, thereby generating the number tones
normally used for dialing. To transmit one of
the three letters on a number button, one
would first press the “#", “0" (zero), or * % "
button to signify the left, center, or right let-
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ter, then press the number button bearing
the desired letter.

At the receiving end, a standard tone
decoder would convert the stream of
signals to a digital code. The digital code
would be processed to drive an alpha-
numeric display, computer, or teletype. A
numerical “reset” sequence of tones would
be sent at the start of a message to reset
the decoder.

In an alternative scheme, the first of
three letters on a number button would be
sent by pressing that button. The second
and third letters would be sent by pressing
that button and simultaneously pressing the

“%" or “#" button. The disadvantages of
this scheme are that it would not work on all
tone-encoded telephones and that combin-
ations of letters and numbers cannot be
sent.

This work was done by William Henry
Brown of Kennedy Space Center. For fur-
ther information, Circle 107 on the TSP Re-
quest Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Kennedy
Space Center [see page 29]. Refer to
KSC-11303.
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Double Light-Emitting Diode

Two diodes are packaged together

for greater reliability.

Goddard Space Flight Center, Greenbelt, Maryland

Two GaAs light-emitting diodes pack-
aged as a single unit offer greater relia-
bility than the conventional single-diode
package. One diode is the primary light
source. If it fails, the backup diode is
switched in. Each diode has a separate
power lead, so that either or both can be
switched on or off at the same time.

So that readjustment of the associated
optics is not necessary when switching
from one diode to the other, the light
sources lie within 0.006 in. (0.15 mm) of
each other. At the same time, the pack-
age minimizes the mechanical stress on
the fragile GaAs and serves as a heat
sink.

The two-diode package is shown in
the figure. The two diode chips are
stacked with a copper-mesh ribbon be-
tween them serving as the common pos-
itive power lead: The mesh imposes less
stress on the chips than would a solid
ribbon. The active area of both chips is
grown as close as possible to the ribbon
to obtain the required light-source spac-
ing. For additional mechanical support,
one end of the ribbon is mounted on a
non-light-emitting, reverse-biased GaAs
chip. The assembly is mounted on the
modified header of a standard TO-18
package.

This work was done by Robert L.
Johnson and Thomas C. Hall of Hughes
Aircraft Co. for Goddard Space Flight
Center. For further information, Circle
24 on the TSP Request Card.
GSC-12832

DIODE B
NEGATIVE EXTERNAL
LEAD

COMMON
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PACKAGE IS
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LEAD FOR DIODE A

DIODE B

MESH

DIODE A

SPACE

SUPPORT CHIP
(REVERGED DIODE)

NEGATIVE
TERMINALS

MESH
(COMMON POSITIVE
TERMINAL)

Two Light-Emitting Diodes are stacked together to provide redundant line sources of
light. This arrangement gives the required mechanical support to the delicate GaAs diode
chips while permitting them to be closely spaced and adequately cooled by thermal con-

duction through the package.

Fast-Recovery, High-Voltage Power Diode

The diodes are rated at a peak reverse voltage of 1,200 V
and average forward currents of 50 and 150 A.

Lewis Research Center, Cleveland, Ohio

A new family of fast-recovery high-
voltage power diodes compatible with
the D60T and D7ST transistors [NASA
Tech Briefs “'High-Speed, High-Power,
Switching Transistor,”” Vol. 3, No. 3, p. 320
(LEW-13021), and ‘“‘High-Power Switching
Transistor,” Vol. 7, No. 4, p. 371
(LEW-13728)] has been developed. They
have a wide range of applications in
spacecraft and aircraft electrical distri-
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bution equipment, in dc/dc inverters,
and in ac motor controllers for high-
horsepower electric motors operating
from 480-volt ac lines.

The new diodes are rated on the basis
of peak reverse voltage at 1,200 volts
and average forward current ratings of
50 and 150 amperes. Both diodes are
shown in Figure 1. The 50-ampere
model has a peak surge-current

capability of 1,000 amperes and is being
packaged in a modified DO-5 package.
The 150-ampere model will pass a peak
surge current of 3,000 amperes in a
standard DO-8 package. Both diodes
have a forward voltage drop of less than
1.5 volts at rated current and recover
their blocking capability in 200 to 400
nanoseconds when commutated from
rated current at 25 to 50 amperes per
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Figure 1. The Fast-Recovery, 1,200-V Power
Diodes use a chip of hexagonal geometry
to maximize the effective silicon area. The
50-A model is on the left, and the 150-A
model is on the right.

microsecond. The ceramic tops enable
the packages to meet all NEMA
specifications for 480-volt ac systems.

The new fast-recovery silicon power
diodes are designed and built using a
positive-bevel, PIN mesa structure with
glass passivation. The devices are fabri-
cated from 35-ohm-centimeter, n-type,
neutron-doped, float-zone silicon. The
excellent homogeneity of the starting
material results in better manufacturing
yields and device performance.

A hexagonal geometry for the diode
chip is used to maximize the effective
silicon area within the circular walls of
the packages. Figure 2 shows the hex-
agonal silicon chip mounted and con-
tacted within a DO-5 header for the
50-ampere diode. Maximizing the effec-
tive silicon area keeps the forward
voltage drop low by reducing current
density.

A positive-bevel mesa structure is
used to reduce surface electric fields on

* the silicon chip. A circular or hexagonal
(either is effective) mesa moat is etched
through the n+/n cathode and some
distance into the p*+ anode region
resulting in a positive-beveled junction.
The moat is then filled with high-temper-
ature glass.to passivate the junction,
providing an effective hermetic seal for
the silicon chip.

A unigue trimetal, metalization proc-
ess compatible with glass-passivated
junctions and with solder-reflow assem-
bly was developed for the diode. The
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trimetal — aluminum, titanium, and
nickel — metalizing on the anode and
cathode results both in extremely high
reliability in the solder bonds and in low-
cost manufacturing procedures.

To obtain the fast recovery times of
200 to 400 nanoseconds, the lifetime of
minority carriers within the diode was
modified. Two methods were used: high-
energy electron radiation and doping
with gold. Both processes introduce
defects such as vacancies and in-
terstitial substitutions into the silicon lat-
tice. These defects provide traps and
energy levels within the energy band
gap of silicon that act as recombination
centers for the current carriers.

Increasing the defect density reduces
the average carrier lifetime and results
in shorter reverse recovery time. The
defect density, however, must be con-
trolled accurately since the forward
voltage drop increases proportionally to
the defect density.

Electron radiation was used suc-
cessfully on the 50-ampere diode.
However, gold doping was selected as
the preferred method for the 150-ampere
diodes due to its greater stability at
the solder-reflow temperature. Gold also
appears to enhance the surge-current
rating of the devices. Therefore, gold dop-
ing will be used in the manufacture of
both diode models.

Reverse recovery times were tested in
a JEDEC circuit. The tests were per-
formed at 100° C with recovery from the
rated currents of 50 and 150 amperes at
dl/dt values of 25 and 50 amperes per
microsecond, respectively. Reverse
recovery times run typically from 200 to
500 nanoseconds.

Reverse leakage at 1,000 volts and
150° C is 0.2 to 5.0 milliamperes for the
diodes. Forward voltage is typically in
the range of 1.35 to 1.50 volts at rated
current.

This work was done by G. R. Sundberg
of Lewis Research Center and A H.
Berman, V. Balodis, C. Gaugh, J. J. Duffin,
H. Karatnicki, and E. Larson of Power
Transistor Co. Further information may be
found in:

NASA CR-165411 [N81-32382/NSP),

“Development & Fabrication of a Fast

Recovery, High Voltage Power Diode"’

[$711.50], and

NASA CR-168196 [N84-13443/NSP),

"Development & Fabrication of a Fast

Recovery, High Voltage Power Diode”

[$70].

Copies of these reports may be pur-
chased [prepayment required] from the
National Technical Information Service,
Springfield, Virginia 22161.

LEW-14036

Figure 2. View of the 50-A Diode With Two Uncapped Bases: On the left is a reverse-
polarity diode in which the glass-filled circular moat area and hexagonal geometry are
visible. The standard diode on the right requires a higher pedestal to prevent arc-over to
the base at high voltage.
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Complementary-Logic Fault Detector
Error-correcting complementary-logic

signals are the output.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A circuit for checking two-line com-
plementary-logic bits for single faults is
used as a building block for a self-check-
ing memory interface for Hamming-
coded data. It is intended for such appli-
cations as fault-tolerant computing, data
handling, and data transmission. The
circuit performs an exclusive-OR
function.

Two-line complementary logic uses
redundancy to provide an error check.
Suppose that two signals are denoted A
and B, with the four conductors and their
logic states denoted ag, a4, bg, and by,
respectively. Line A is said to be in the
logic “1" state when the voltage on its
conductors correspondtoag = 0,ay =
1. The logic “0" state of line Aisag = 1,
a; = 0. Similarly, the logic “1” and “0"
states of line Bareby = 0,by; = 1 and
bg = 1, by = 0, respectively. All other
states indicate a fault condition.

When the circuits are operating cor-
rectly, agand a, or by and b4 are in oppo-
site logic states at all times. Erroneous
conditions include both lines in the “0”
state, both lines in the “1" state, or both
conductors in the same line at the “0" or
“1" voltage level. The only correct
states are the two shown at the top of
the table. Any other combination of logic
levels on the four conductors represents
a fault.

The circuit shown in the figure
accepts inputs from lines A and B and
gives an output on line C depending on
the condition of the inputs. If lines A and
B are in either of the two correct states,
the output is A exclusive-OR B. An erro-
neous input combination gives rise to
one of the output error indications
shown in the table.

The circuit can also be used to com-
plement (invert) a bit signal. This feature
can be used to correct an error if the
error can be attributed to the proper bit
lire. With the proper Hamming code, a
single error can be corrected by con-
verting the data to the configuration that
requires the least change from the er-
roneous configuration. Many such cir-
cuits can be combined to produce a
complete memory interface with both
detection and correction abilities.

This work was done by John C.
Wawrzynek of Caltech for NASA’s Jet
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Propulsion Laboratory. For further infor-
mation, Circle 51 on the TSP Request
Card.

NPO-15410

Only Two Logic States Are Correct for the
four conductors in lines A and B. These are
shown at the top of the table. Any other
combination of logic levels signifies an
error in data processing or transmission.
The circuit of the figure produces an output
indicative of the correctness or of the type
of error in the logic levels on the four
conductors.

CONVENTIONAL NEW
EXCLUSIVE OR EXCLUSIVE OR

B by by
INPUTS I J’ INPUTS s

.OH

A Qi

O}

OUTPUT
P C1

21 Qi

® [ ®
h
J

by
H

200 P - Co
210- 1 ﬂ I —f

I NOTES:

bo n transistor conducts when gate is high.

p transistor conducts when gate Is low.

Signals A (ag, a;) and B (b, b,) are fed to the new circuit. An error indication is obtained for
any input combination other than (ay, a;; by, by) = (0, 1;1,0) or (1,0; 0, 1).
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High-Voltage Isolation Transformer
Construction avoids airgaps in which arcs can form.

Goddard Space Flight Center, Greenbelt, Maryland

Arcing and field-induced surface erosion
are reduced by electrostatic shields around
the windings and ferromagnetic core of an
80-kilovolt isolation transformer. Fabricated
from a high-resistivity polyurethane-based
material that is brushed on the critical sur-
faces, the shields are maintained at approx-
imately half the potential difference of the
windings.

The primary and secondary windings of
the transformer are each held on spools
mounted on a ferromagnetic core (see
figure). The bores and channels of the
spools are coated with the resistive layers.

These layers completely encase and elec-
trostatically separate the coils from the
other components of the transformer.

In construction of the transformer, a layer
of epoxy is first applied to the bores and
channels. This layer, about 0.001 to 0.002
inch (0.03to 0.05 mm)thick when hardened,
is brushed on as a thin solution. It dries to
become an insulating layer having high
breakdown voltage.

Next, the adhesive layers are coated with
the resistive layers. Also brushed on as a
thin solution, these layers consist of carbon
black as the conductive constituent in a

polyurethane medium. Again, the resistive
layers are 0.001 to 0.002 inch thick.

The primary and secondary coils, con-
sisting of insulated copper wire, are wound
in the channels. Then, the electrostatic
shielding can be completed. The solution of
polyurethane and carbon black is brushed
on the coils. The solution is drawn into the
spaces between turns of the wire by
capillary action.

The channel conductive layers are con-
nected electrically to their respective coil
return leads to prevent arcing between
shields and leads. Similarly, the conductive
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Conformal Electrostatic Shielding decreases electric fields by spreading out local charge concentrations, as indicated by spreading of
the field lines that would otherwise concentrate at the individual wires in the windings. As a result, less stress is placed on the insulating
materials in the windings and spools. Moreover, the proximity of the outer turns of the coils and the conductive coatings and the intimate
adhesive contact between the conductive coatings and the channels prevent local concentrations of field across air pockets.
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layers in the bores are connected electrical-
ly to the core to prevent sparking.

In one application of the transformer, a
constant voltage of — 80 kV was applied to
the conductive coating and retum lead of
the secondary coil while a constant voltage
of —40kV was applied to the core and con-
ductive coatings in the bores of both the
primary and secondary spools. An alter-

nating voltage of 9 to 18 volts was applied
across the primary coil. Under these condi-
tions, the transformer performed without
sparking or corona and completely isolated
the constant voltage on the secondary coil
from the primary coil.

This work was done by Carroll H.
Clatterbuck and Arthur P. Ruitberg of God-
dard Space Flight Center. For further in-

formation, Circle 58 on the TSP Request
Card.

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

29]. Refer to GSC-12817.

Fast Clock Recovery for Digital Communications

Circuit synchronizes with
unprecedented speed.

NASA's Jet Propulsion Laboratory, Pasadena, California

A circuit extracts the clock signal from
a random non-return-to-zero data stream,
locking onto the clock within one bit
period at a 1-gigabit-per-second data
rate. The circuit is used for synchroniza-
tion in optical-fiber communications. It
derives its speed from the very short
response time of gallium arsenide metal/
semiconductor field-effect transistors
(MESFET's).

The circuit employs only two dual-gate
MESFET’s, two single-gate MESFET's,
two microwave delay lines, and a few as-
sociated operational amplifiers, capaci-
tors, and resistors (see Figure 1). The cir-
cuit essentially consists of two NAND
gates and two delay transmission lines
(see Figure 2). This combination works as
two oscillators, each of which runs freely
when its input line is in a high state. The
unsynchronized (freely running) oscillator
frequency, f, depends on the transmission
line delay, T4, and the gate delay, T, ac-
cording to

= 1
T 2(tg + 19).

The transmission line is designed so that
74 gives an oscillator frequency nominally
equal to the clock frequency.

When the state of the input is low, the
first oscillator does not run freely, and its
output remains in the high state, causing
the second oscillator to run freely. If the in-
put to the first NAND gate is made high by
the receipt of a 1 bit, the first oscillator
goes through one cycle of oscillation, cre-
ating an inverted return-to-zero (RZ) 1 bit
atits output. During this time, a Ois initially
present at the input of the second NAND
gate, causing its output to be high
regardless of the state of the other input.

The trailing edge of the inverted RZ 1
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bit starts the second NAND-gate oscilla-
tor in phase with the single incoming 1.
The circuit thereafter provides a clock
signal that remains in phase with the
clock of the incoming data as long as

such data are received. When data cease
to be received, the oscillators return to free
running and slowly drift out of synchroniza-
tion at a rate that depends on the actual
oscillator frequency. :

LOGIC GATE 1
— e N

—

SINGLE-GATE
MESFET

DOUBLE-GATE Vee Vee
MESFET

300 10

DATA
IN

DATA

T,
ouT g

DOUBLE-GATE

LOGIC GATE 2

MESFET

SINGLE-GATE
MESFET

d

DELAY LINE 1

DELAY LINE 2

Figure 1. The Circuit Includes Operational Amplifiers to change the level of the incoming
signal to a value appropriate for the gates of the MESFET’s. The slew rate of the opera-
tional amplifiers must be high enough to charge the 10-nF capacitors before the input
signal itself does. Single-gate MESFET’s are used as source followers. The microwave
delay lines must be terminated with 50-ohm resistances to avoid reflections back to the
outputs of the source followers.
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The performance of the circuit was
measured with equipment capable of
measuring bit-error rates in a 1-gigabit-
per-second data stream. A 4,095-bit-long
pseudorandom output from a transmitter
was fed into the circuit, then into the error
detector. The error rate was less than 1 in
1072 — that is, no errors were detected.
This error rate is the same as that which
would be measured in the clock taken
directly from the transmitter.

This work was done by Robert G. Tell of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle
114 on the TSP Request Card.
NPQO-16083

NAND NAND
GATE 1 GATE 2
INPUT O—of
] OUTPUT
L (o] L
— N — — N —

DELAY DELAY
LINE 1 LINE 2

Figure 2. The Frequency of Oscillation of this NAND-gate-and-delay-line combination is
determined by the delays in the gates and the propagation delays in the transmission
lines. The gate delay, which is highly temperature-sensitive, should be small in com-

parison to the propagation delay.

Aircraft Control-Position Indicator

Easily readable, zero-lag display

is maintenance-free.

Langley Research Center, Hampton, Virginia

The aircraft control-position indicator is a
cockpit-mounted instrument that displays the
positions of the elevator and the ailerons to
the pilot. The display is mounted in a stand-
ard flight instrument case 3 inches (7.6 cen-
timeters) in diameter. The display is a cruci-
form array of lights: A horizontal row of am-
ber lights and a vertical row of green lights
representing aileron and elevator positions,
respectively (see figure). A single, larger
green light at the intersection of the two
rows indicates the neutral position of the
elevator. Two exposed amber lights at each
side of the center green light provide a clear
indication to the pilot of less-than-exact
centering of the ailerons. All other lights are
covered by a translucent shield. All in-
dicators are electronically driven by
instantly-acting transducers and an inte-
grated circuit that senses the analog volt-
age level, providing a zero-lag display and
easy readability under all light conditions.

The display has been used extensively in
spin testing and has been trouble-free, with
no maintenance required after about 30
hours of operation. No preflight checks or
setups are required of the pilot. The main
features of the display are easy readability
and zero lag in showing control-surface posi-
tions. The display allows rapid, precise, con-
trol repositioning with very little overshoot
tendency. The aircraft control-position indi-
cator is reliable, maintenance-free, and ex-
tremely easy to read with immediate per-
ception of its message. These features
should make it valuable for other flight-test
and flight applications where similar re-
quirements apply.
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This work was done by Dale V. Dennis of
Kentron International, Inc., for Langley
Research Center. For further information,
Circle 110 on the TSP Request Card.
LAR-12984

This invention is owned by NASA, and a

ASA
L-81-9944

patent application has been filed. Inquiries
concerning nonexclusive or exclusive Ii-
cense for its commercial development
should be addressed to the Patent Counsel,
Langley Research Center [see page 29].
Refer to LAR-12984,

Vertical and Horizontal Light Arrays indicate the elevator and aileron positions
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Solar Cells With Multiple Small Junctions

As junction area is reduced in relation to
total cell area, efficiency should go up.

NASA's Jet Propulsion Laboratory, Pasadena, California

A concept for improving the efficiency of
photovoltaic solar cells, based on decreas-
ing the p/n junction area in relation to the
total surface area of a cell is proposed. In-
stead of a single continuous junction
underlying the entire surface of the cell,
multiple round junctions would be formed
(see figure). The junctions would be 10
micrometers in diameter. Their centers
would be spaced 50 micrometers apart.
Their total surface area would be about 3
percent of the surface area of the cell.

The open-circuit voltage of a silicon p/n
junction cell is given by

kT [l
Voo = —In(-=€

where k = the Boltzmann constant, T =
the absolute temperature, g = the elec-
tronic charge, lgc = the short-circuit cur-
rent, and |, = the saturation current. Ac-
cording to this equation, the open-circuit
voltage would be increased by increasing
the ratio lgc/lo,

The short-circuit current depends on the
total illuminated area of the cell while the
saturation current depends on the junction
area. According to the proposal, the junc-
tion area would be reduced while the total
illuminated area would be kept constant, so
that I, would be reduced and the ratio ls./l,

JUNCTIONS

METAL BUS

Many Small Junctions cover a small por-
tion of the solar-cell collection area. A
metal grid and bus collect current from
the junctions.

would be increased. If a single junction is
replaced by many small round junctions of
the size and shape described above, the
open-circuit voltage should rise by more
than 60 mV, thereby increasing the cell effi-
ciency and output power. Cells should be
made by the following procedure.

* Polish and clean silicon wafers,

* By chemical vapor deposition or ther-

mal growth, deposit a 1,000- to 5,000-
angstrom-thick oxide,

¢ Etch round windows in the oxide on the
front of the wafers to define the junction
areas,

¢ Thermally diffuse phosphorus through
the windows to form the multiple small
junctions,

* Remove the front oxide, and passivate
the front surface with thermally grown
oxide or nitride,

* Etch out windows in the oxide or nitride,

* Deposit metal-conductor patterns on
the front and back, and

* Deposit an antireflection coating.

Because of the reduced junction area,
the surface leakage should drop, and the
saturation current density should de-
crease. The surface passivation should
help to ensure that short-circuit current
remains at a high value and that the re-
sponse of the cells to blue light increases.

This work was done by Taher Daud and
Krishna M. Koliwad of Caltech for
NASA'’s Jet Propulsion Laboratory. For
further information, Circle 80 on the TSP
Request Card.

Inquires concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA
Resident Office-JPL [see page 29]. Refer
to NPO-16126.

Lowering Ammeter Input Impedance
An operational-amplifier feedback circuit

reduces the input voltage.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A feedback circuit operates in conjunc-
tion with a sensitive microammeter or
other current-measuring instrument to
reduce the input impedance of the
composite circuit.

As shown in the figure, the current | tobe
measured enters the composite circuit at
terminal a and leaves at terminal b. If the
operational amplifier has a voltage gain of
A,thenV1 = |1R1,V2= AV = NV«] + V2),
and these equations can be solved to
obtain
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Since |3 is very small and A is very large in
operational amplifiers, the ratio V/1, closely
approximates the input impedance V/|, and
thq equation shows that this impedance is
much less than the instrument resistance
R;.

Most of the input current, |, flows

through the instrument even though the
feedback circuit reduces the input voltage
greatly. Even if the operational amplifier
should fail, the current-measuring
instrument would continue to work, though
it would then exhibit the high input
impedance of R; + Ro. In contrast with
older current-amplifier circuits, this current
is much less subject to drift and noise,
calibration is not necessary, and the values
of the components are not critical. The
value of R, and the characteristics of the
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operational amplifier can vary between
wide limits without adversely affecting the
performance.

As part of an experiment requiring
current measurements with low imped-
ance, currents ranging from 0 to 100
microamperes were fed to a current
recorder having a resistance of 1,000
ohms. Without the operational-amplifier
circuit, this current range would cause a
voltage variation from O to 300 millivolts
across the recorder. However, with resis-
tor Ry equal to 1,000 ohms and the type
741 operational amplifier, the voltage
difference between terminals a and b var-
ied by less than 1 millivolt.

This work was done by Clifford Myron
Siegel of the University of Virginia for
NASA'’s Jet Propulsion Laboratory. For
further information, Circle 84 on the TSP
Request Card.

NPO-16067
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The Operational Amplifier maintains the voltage across Ry and R; at essentially zero. The
current-measuring instrument R4, therefore, minimally influences the quantity it is
measuring. The instrument may be a recorder, ammeter, or other device.

Infrared Linear Imaging Array

Photodiodes, multiplexer, and preamp
reside in a hybrid ceramic package.

NASA's Jet Propulsion Laboratory, Pasadena, California

A hybrid microcircuit produces
128-element line images of infrared
scenes. Each picture element is 0.008-in.
(0.2-mm) square. Even without image
data processing, the microcircuit can
resolve temperature differences as small
as 0.05° Cin infrared images.

Packaged on a ceramic substrate, the
microcircuit includes a line of 128 photo-
diodes, a multiplexer, and a preamplifier

(Figure 1). Resistors and interconnections
are applied to the substrate by thick-film
techniques. Fanlike, fine-line intercon-
nections bridging the gap between the
coarse pitch of the photodiode array and
the finer pitch of the multiplexer input ter-
minals are applied by thin-film technigues.

The substrate contains an internal
shield to reduce the coupling of switching
transients to the video output. The micro-

CLOCK MULTIPLEXER END OF HYBRID
PHASE 1 CHIP SCAN CASE +Veo
0 9 © CLOCK o b,
START PHASE 2

PHOTODIODE

o o W O o
+V VIDEO RESET SUBSTRATE VIDEO
DETECTOR RESET RETURN OUTPUT

BIAS

Figure 1. The Infrared Imager reads out accumulated charge on each of 128 indium an-
timonide photodiodes. Only one preamplifier is needed at the output of the video line.
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Figure 2. This Image of an Infrared Scene
was generated by the photodiode array
with the aid of a scanning mirror. Dark-
current subtraction and computer proc-
essing would further improve image quality.

circuit consumes little power — less than
5 milliwatts. It requires only 14 connec-
tions to the outside world, and it is com-
pact, measuring only 13z by 1 by s inch
(4.44 by 2.54 by 0.32 centimeters).

The photodiodes are indium antimo-
nide mesa devices sensitive to radiation
at wavelengths between 1 and 5 micro-
meters. Because the photodiodes have a
relatively high reverse breakdown voltage

NASA Tech Briefs, Spring 1985



of 2 to 3 volts and no measurable voltage-
dependent current leakage at the sur-
face, the photocurrents can be integrated
directly at the diode junctions. This
eliminates the inevitable loss that would
otherwise occur when charge is trans-
ferred to another location for integration.
About 2 x 107 electrons can be stored
on each picture element.

The multiplexer is a commercial inte-
grated circuit containing a series of metal-

oxide-semiconductor field-effect transis-
tors (MOSFET's) that sequentially connect
each photodiode to a common output. It
operates at the temperature (78 K) of the
array and does not require individual
preamplifiers for each picture element.
The microcircuit has been used in a sim-
ple camera in which a mirror reflects suc-
cessive linear segments of a scene onto
the photodiode array (Figure 2).

This work was done by Gary C. Bailey

of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 71 on the TSP Request Card.

This invention has been patented by
NASA (U.S. Patent No. 4,443,701). In-
quiries concerning nonexclusive or exclu-
sive license for its commercial develop-
ment should be addressed to the Patent
Counsel, NASA Resident Office-JPL [see
page 29]. Refer to NPO-15805.

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.

Power-Factor Controllers:
How Safe?

When misused, they fail to
save energy and may cause
damage.

Potential safety problems with power-
factor controllers (PFC's) are evaluated in
a report. Based on a study of PFC'’s in use
with appliances, the report recommends
measures to prevent consumers from mis-
applying these energy-saving devices.

In the study, a consumer sounding
board was surveyed to determine consum-
er understanding of manufacturers’ litera-
ture, the types of appliances consumers
could be expected to use with the PFC, and
the ability of a consumer to properly adjust
the PFC. Experiments were performed to
evaluate the effect of the PFC on various
appliance motors and on ancillary elec-
trical devices commonly used in motor-
operated appliances.

The PFC was designed for use with in-
duction motors. It monitors the phase
angle between the applied voltage and the
current. It compares the angle with a
reference signal representative of the
desired power factor. The PFC responds to
a difference by chopping a portion of the
motor-voltage sine wave. The device can
be used on such appliances as refrigera-
tors, sewing machines, pumps, hair dryers,
and food processors.
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The mass marketing of the PFC and the
ease with which it can be connected to an
appliance place the device in the hands of
consumers, who may not fully understand
its intended uses and limitations. Specifi-
cally, a consumer may use it with an appli-
ance that does not contain an induction
motor, may use it with an appliance in
which nonmotor components may be ad-
versely affected by its action, or may adjust
it incorrectly. The study was aimed at iden-
tifying and determining the magnitude of
the potential hazards associated with such
misapplications. The study also developed
criteria for reducing the hazards and deter-
mined whether the potential problems are
solvable without seriously impairing the ef-
ficacy of the PFC.

The report presents a set of recommen-
dations including:

* The PFC should be clearly and per-
manently marked to caution the user.
The marking should include the word
*“caution,” should indicate that the PFC
should be used with induction motors
only, and should note that use with non-
motor loads not only does not save ener-
gy but may create a fire hazard.

* To prevent burnout of ancillary devices in
a motor-operated appliance, a lower limit
should be established on the voltage out-
put of a PFC; 102 volts rms is suggested.

¢ |f adjustments are to be made by the
user, the proper settings should be made
clear.

This work was done by K. W. Long, W. J.
Christian, J. A. Kovacik, and T. Graczyk of
Underwriters Laboratories, Inc., for Mar-
shall Space Flight Center. 7o obtain a
copy of the report, “Study of Potential
Safety Problems of Power Factor Con-
trollers Used With Consumer Products,”
Circle 2 on the TSP Request Card.
MFS-27016

Photovoltaics in Japan

The status of work in industry
and universities is reviewed.

A report surveys the status of research
and development on photovoltaics in Japan.
The report is based on literature searches,
private communications, and visits by the
author to Japanese facilities. Included in the
survey are the Sunshine Project, a national
program to develop energy sources; indus-
trial development at private firms; and work
at academic institutions.

The Sunshine Project is the main driving
force for Japanese photovoltaic research
and development. (Although solar photovol-
taic energy receives most of the funding, the
project also includes geothermal energy,
coal conversion, and hydrogen energy.) The
major solar photovoltaic activities are:
¢ Low-cost refining of silicon;

* Solar-panel production in a pilot plant;

» Solar-cell test standards and procedures;

¢ Demonstrations of small systems, includ-
ing 3kW residential systems, a 20kW
multiresidence system, a 200-kW school
system, and a 100-kW factory system;

* Demonstrations of powerplants, including
a 200kW distributed system and a 1-MW
central system;

* Completion of a hybrid photovolitaic/ther-
mal system of 5 kW electrical output and
25 kW thermal output; and

* Research on amorphous-silicon solar
cells leading to 8 to 10 percent efficiency.

The report concludes that conventional
silicon solar-cell technology is still a few
years behind that of the United States, es-
pecially in mass-production processes. Jap-
anese technology for amorphous-silicon
solar cells, however, leads the world.

This work was done by Katsunori
Shimada of Caltech for NASA’s Jet Pro-
pulsion Laboratory. 7o obtain a copy of the
report, “Photovoltaic Research and Devel-
opment in Japan,” Circle 115 on the TSP Re-
quest Card.

NPO-16330
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High-Visibility Data Display

Sixteen parameters are monitored
and displayed under microcomputer control.

Marshall Space Flight Center, Alabama

A data-monitoring system continu-
ously senses the output voltages from
transducers and provides large, easy-
to-read displays of the quantities repre-
sented by the voltages. Measurements
of power-supply voltages and currents,
pressures, temperatures, strains, and
masses, for example, can be displayed.
The system is intended to operate 24
hours a day, producing uninterrupted
readouts of critical parameters.

The data are presented on 16 large
7-segment displays. Four rack-mounting
panels, 3%z inches (8.9 centimeters)
high, hold four displays each. The panels
can be placed anywhere within about
100 feet (30 meters) of the system micro-
processor. On command from the user,
the microprocessor changes the guantity
shown on a given display or shows the
same quantity on several displays.

The system is built from off-the-shelf
microcomputer boards and assemblies.
It is divided into five major sections (see

15 ANALOG
INPUTS

SYSTEM BUS

figure): An analog-to-digital converter,
an electrically erasable and program-
able read-only memory (EEPROM), the mi-
crocomputer, the display panels, and a
cathode-ray tube terminal. The EEPROM
stores measurement-system and calibra-
tion data, retaining these data even dur-
ing power outages. The microcomputer
converts the digitally coded voltages
from the transducers into the corre-
sponding engineering units and displays
them on the terminal and the panels in
four-digit, floating-decimal-point format.

The analog voltage inputs may be cali-
brated either manually or automatically.
For automatic calibration, values repre-
senting O and 80 percent of full-scale
transducer output are applied to the inputs
and stored for scaling to engineering units.

This work was done by K. J. Slusser of
Rockwell International Corp. for Marshall
Space Flight Center. For further informa-
tion, Circle 55 on the TSP Request Card.
MFS-19925

FACILITY
CALIBRATION

DISPLAY

Fifteen Analog Inputs are converted to up to 16 numerical displays with 1-percent accuracy.
Before analog-to-digital conversion, the inputs are filtered. If any input is an open circuit, its
channel automatically displays a full-scale value to alert the user.
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Storing Data and Video on One Tape

Two signal forms are made
compatible and merged.

Lyndon B. Johnson Space Center, Houston, Texas

A microprocessor-based system orig-
inally developed for anthropometric
research merges digital data with video
images for storage on a video cassette
recorder. The combined signals can later
be retrieved and displayed simultane-
ously on a television monitor. The system
can also extract the digital portion of the
stored information and transfer it to solid-
state memory.

As shown in the figure, the unit con-
sists of a microprocessor, a programable
communications interface, a video inter-
face, and two memory banks. The micro-
processor controls the communications
interface, synchronizes the digital data
with the video, and controls the video-
interface hardware. The programable

serial stream. The video-interface hard-
ware transforms the serial stream into
the proper video signal levels.

The dual-bank computer memory
transfers data to and from the communi-
cations interface. Two banks are used to
increase the data flow rate and to ease
timing constraints.

A data-error indicator lights up when a
data error is detected. A frame-overrun
lamp lights up when a video frame con-
taining digital data has been missed
during playback. The data-error indicator
quickly shows whether the system is op-
erating properly or whether there is a
problem with either the storage medium
or with the system itself. The frame-over-
run lamp is similarly useful since, if the

possible that at least one video frame of
data will be lost.

Varying amounts of data may be
stored from one consecutive frame to
the next. A number is stored for each
frame indicating the amount of data on
that frame; the numbers are checked
continuously as a further check on
synchronism.

This work was done by James H.
Nixon and John P. Cater of Southwest
Research Institute for Johnson Space
Center. For further information, Circle 33
on the TSP Request Card.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Johnson Space Center [see page 29].

communications interface accepts the  host computer falls behind while the sys-  Refer to MSC-20705.
digital data and converts them into a tem is retrieving data from tape, it is
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This Video/Data System merges digital data and video images. Approximately 345 megabytes of digital data can be stored on a two-

hour video cassette.
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High-Speed Computer-Controlled Switch-Matrix System

A message requires only a 2-microsecond interconnect
period, repeated every millisecond.

Lewis Research Center, Cleveland, Ohio

A high-speed computer-controlled
switch-matrix system has been devel-
oped for communication satellites. The
next generation of communication satel-
lites will use multibeam antenna sys-
tems operating in a Time-Division-
Multiple-Access (TDMA) mode in order
to achieve high data rates and high
levels of frequency reuse. The satellite
system will be controlled by an onboard
computer and all message-routing func-
tions between uplink and downlink
beams will be handled by this newly de-
veloped switch-matrix system.

The function of the switch-matrix unit
can best be described by considering
the routing of a message from a starting
location (e.g., New York) to a destination
city (e.g., Los Angeles). A ground-based
master-control terminal recognizes the
destination request of the NY message,
assigns it a time slot, and informs the
satellite computer to prepare according-
ly. When the assigned time slot occurs,
the NY message is beamed via the RF
uplink channel to the satellite, the satel-
lite switch matrix is commanded to route
the message to the LA downlink trans-
mitter, and the message is beamed to
the LA ground terminal and eventually to
the end user.

The entire message-routing process
operates in an extremely high-speed and
dynamic manner. The actual intercon-
nection between NY and LA requires on-
ly a 2-microsecond interconnect period
that must be repeated every millisecond
for the message duration, which can be
seconds, minutes, hours, or days. Dur-
ing the remaining 998 microseconds of
the one millisecond period, the switch
matrix is available to consider 499 other
possible connections from NY to other
cities serviced by the satellite-antenna
system. Servicing the NY to LA message
for 2 microseconds every millisecond
can, by operating in a burst mode, be
made to appear to the LA users as an un-
interrupted connection.

The design concept which has been
devised for the switch-matrix unit is
called coupled-crossbar architecture.
The concept is shown in the figure. The
architecture consists of orthogonal input
(uplink) and output (downlink) transmis-
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sion lines that are indirectly connected
by input and output directional couplers
through a switching element. For each
of the input transmission lines, the input
signal always travels the entire length of
the line and is terminated at the end. At
each input/output intersection (called a
crosspoint), a portion of the signal prop-
agating along the transmission line is al-
ways coupled to the switching element
by the input directional coupler. If the
switching element is open (off), the
coupled signal is terminated. If the
switching element is closed (on), the
coupled signal passes through the
switch and is coupled by the output
coupler to the output transmission line.

The size, or number of input and out-
put ports, governs the complexity of the
switch-matrix unit. The unit under devel-
opment consists of 20 input and 20 out-
put ports. A matrix of these dimensions
is referred to as a 20 by 20 unit and con-
sists of the 400 crosspoints that are re-
quired to connect each input port to
every output port.

For the intended satellite application,
the frequency of the transmitted signal is

approximately 5 GHz and the bandwidth
is greater than 1 GHz. For this frequency
range, the circuit network can be realized
in microstrip. The high-technology micro-
strip design used for the 400-switch
crosspoints consists of 800 dual-gate
gallium arsenide field-effect transistors
(GaAs FET's), 800 directional couplers,
and 400 input, output, and interstage
matching networks, and is packaged in a
20in.by 20in. by 5in. (51 mm X 51 mm
X 13 mm) enclosure that weighs less
than 35 pounds (15.9 kg) and requires less
than 25 watts of power.

The switch element consists of two se-
quential dual-gate GaAs FET's, which are
operated in an amplifier mode that pro-
vides approximately 20 dB of signal gain.
The two-stage switch/amplifier approach
is required in order to minimize the cou-
pling losses introduced by the couplers
between the input and output ports.

The major performance characteris-
tics that have been demonstrated by
proof-of-concept models are the dynam-
ic-switching capabilities that permit
changes in message routing at rates as
high as 500,000 times a second with turn-
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The Coupled-Crossbar-Switch Matrix includes orthogonal input (up link) and output (down
link) transmission lines that are indirectly connected by input and output directional

couplers through a switching element.
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on and turn-off switching times of less
than 20 nanoseconds. The high switching
speeds permit the effective utilization of
1.96 microseconds of the total 2 micro-
seconds available for useful message
transmission and, for a 20 by 20 unit,
allow each input port to address each
output port every 40 microseconds if
necessary.

This work was done by E. Spisz of
Lewis Research Center and B. Cory of

General Electric Co., P. Ho of Ford Motor

Co., and M. Hoffman of Mitre Corp. Fur-

ther information may be found in:
NASA CR-159682 [N80-12260/NSP),
“Applications of Advanced On-Board
Processing Concepts to Future Satel-
lite Communications Systems” [$31],
NASA CR-168089 [N83-34998/NSP),
“Spacecraft IF Switch Matrix for Wide-
band Service Applications in 30/20
GHz Communication Satellite Sys-

tems” [$19], and NASA CR-168175
[N83-29492/NSP], “Spacecraft IF
Switch Matrix for Wideband Service
Applications in 30/20 GHz
Communication Satellite Systems"”
[$26.50].

Copies of these reports may be pur-

chased [prepayment required] from the

National Technical Information Service,

Springfield, Virginia 22161.

LEW-14050

Low-Cost Teleconference System

Widely scattered participants would communicate
by voice, graphics, and images over telephone lines.

NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed video teleconferencing sys-
tem would display drawings, photographs,
and text for conferees. Although the new
system, called TELEDEMO, would not pre-
sent live scenes from the conference loca-
tions, it would cost far less than conven-
tional teleconference services. A block
diagram of the system is shown in the figure.

With a parallel voice and data communi-
cations, TELEDEMO would allow two-way
conferences between separated groups of
people at data rates as low as 1,000 bits per
second. Ordinary voice-grade telephone
lines can easily handle this data rate. In con-
trast, full-video teleconferencing requires at
least 1.5 megabits per second.

Each TELEDEMO conference site would
include a display device (a television
monitor or projection television) and one or
more interactive devices (a joystick or
graphics tablet), two telephone lines, a
modem, and data-compression equipment.
Optionally, a hard-copy device for film or
paper, a video digitizer, and a video recorder
(see figure) could be included.

Interactive graphics software would
allow a user to construct electronic view-
graph art rapidly by copying existing hard-
copy artwork, by using a rough sketch, or by
on-the-spot improvisation. The user could
also include (and modify) existing view-
graphs, either from a local collection or from
materials obtained from remote sites. Two
or more remote users could work on the
same viewgraph together. Photographs
could be incorporated as well.

Once in electronic form, the viewgraphs
could be segmented into overlays and could
include animation, such as blinking or mov-
ing objects, indications of flow, and rapidly
changing colors. The electronic viewgraphs
could then be arranged by editing software
into a presentation sequence. During pre-
sentation, the viewgraphs could be shown
out of sequence if necessary, and backup
viewgraphs could be retrieved and dis-
played to aid in answering questions from
conferees.
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It would take about 10 seconds to trans-
mit a typical viewgraph in full color at a
transmission rate of 1,000 bits per second. If
the viewgraph contained a photograph as
well as text and art, the transmission time
would be longer. The transmission time
would not cause awkward pauses, how-
ever; viewgraphs would be transmitted and
recorded while preceding viewgraphs were
still on display and under discussion.

TELEDEMO, without its teleconferencing

tion called TELEDIMS, which would allow an
operator to incorporate illustrations in textu-
al material, including elaborate full-color
figures and images. The operator could orig-
inate the illustrations or withdraw them from
a data bank. The combined text and illustra-
tions would be stored for future retrieval in
the same way that pure text is stored in or-
dinary word processors.

This work was done by Robert F. Rice
and Alan P. Schiutsmeyer of Caltech for

links, could serve asan unusualwordproces- ~ NASA's Jet Propulsion Laboratory. For
sor. The addition of TELEDEMO capability to  further information, Circle 59 on the TSP Re-
a microprocessor-driven office information-  quest Card.
management system results in a combira- ~ NPO-16057
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This Functional Block Diagram of TELEDEMO is an artist’s version of an image originally
drawn using interactive graphics software. The original diagram took about 20 minutes to
prepare and can be transmitted to teleconference sites in 10 seconds over ordinary

telephone lines.
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Dynamic-RAM Data Storage Unit

It stores 256K of serial data, with independent

read and write capability.

Lewis Research Center, Cleveland, Ohio

A dynamic random-access-memory
(RAM) data delay and storage unit was
developed to insure that data received
from a satellite would be stored and not
lost when the satellite was not within
range of a ground station. Originally, a
flight-qualified tape recorder weighing 8
pounds (3.6 kg), measuring 20.3 by 12.7
by 15.2cm (8 by 5by 6 inches), and requir-
ing 8 watts of power was going to be used.
Its weight and bulk were unacceptable, it
reversed the data flow on readout, and it
did not have the capability for multiple
readouts of the recorded data.

By comparison, the newly developed
data-store unit, shown in the block dia-
gram (see figure), fits on one 13.8- by
19.7-cm printed-circuit card and draws
only 125 mW at 5 V. It has complete flexi-
bility in readout and recording: They are
independent. When the storage is full, the
oldest data are overwritten automatically.
Overwriting can be prevented by stopping
the write clock. Should selective record-
ing be desired, it can be controlled by
gating the write clock to record only the
desired data. In normal operation, data
are written into storage (as generated) at
a 64-bps rate. Readout is continuous at
512 bps and is fed directly to telemetry.

The data-store system uses state-of-
the-art dynamic random-access memo-
ries, DRAMS, to provide 262,144 bits of
serial data storage with independent read
and write capability. All of the supporting
logic is CMOS, which minimizes the
power required. The DRAMS operate at a
refresh cycle rate in excess of 70 kHz,
which allows input and output rates ap-
proaching 10 kHz. Internal anticoinci-
dence circuitry on the read and write in-
puts prevents improper operation should
both commands occur simultaneously.
These functions are therefore completely
independent and can be commanded at
any rate below the maximum. They need
not have any frequency or phase relation-
ships; in fact, both could be completely
random.

The circuit operation is as follows: The
memory is composed of four 64-kbit
DRAMS that have their internal operation
seguenced by a counter operated from a
700-kHz clock. The counter provides se-
qguential outputs used to control the
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memory cycle as well as the read/write
functions. Each of the three functions,
read/write/refresh, is sequenced by its
own counter. The refresh counter re-
quires only eight bits, as only the rows
need be addressed to accomplish a re-
fresh operation. The read and write
counters are both 18 bits long as required
to address any one bit in memory.

When no read or write inputs are pres-
ent, the refresh counter continuously
counts. Its outputs are gated to the
memories by a tristate gate via a com-
mon 8-bit-wide address bus, and the
memories are refreshed at about a
70-kHz rate. Whenever a read or write
command is received, the next refresh
cycle is delayed, the read or write
counter is gated to the bus, and that
function is executed. When the read or
write cycle is completed, the system

returns to the refresh mode and con-
tinues cyeling until the next command.

Read and write commands function
like a priority interrupt to insert the ap-
propriate cycle into the operating se-
guence. When a read cycle is executed,
the DRAM output is stored in a flip-flop
that provides a latched output until the
next read command updates it.

The unit can be interfaced with data-
taking systems and computers. It pro-
vides for slow collection of data with fast
playback or simple data delay with no
change of data rate. Because of low
power consumption it can be powered by
a battery.

This work was done by John C.
Sturman of Lewis Research Center. For
further information, Circle 64 on the TSP
Request Card.

LEW-14017
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The Data Storage Unit includes four 64-kbit dynamic RAM'’s with internal operations
sequenced by a timing counter. The counter controls both the memory cycle and the

read/write functions.
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Redundant Asynchronous Microprocessor System
Configuration guards against permanent

failures and intermittent faults

Ames Research Center, Moffett Field, California

A fault-tolerant computer structure
called RAMPS (for redundant asynchro-
nous microprocessor system) has the sim-
plicity of static redundancy but offers the
intermittent-fault handling ability of com-
plex, dynamically redundant systems. The
new structure is useful wherever several
microprocessors are employed for con-
trol — in aircraft, industrial processes,
robotics, and automatic machining, for
example.

In such applications, the multiple-
microprocessor system can experience
either permanent failure or — in more
than 90 percent of the cases — intermit-
tent failure. These failures can have
serious consequences — in automatic
control of aircraft during landing, for
instance. The RAMPS protects against
both types of failure.

In the past, such systems have em-
ployed either of two types of redundancy.
In statically redundant systems, multiple
identical processors are used so that if
one unit fails, the survivors continue to
operate and maintain control. These sys-
tems are simple and relatively inexpen-
sive, but they provide no capacity to
recover from intermittent faults. This
predominant type of fault, however, is
accommodated in dynamically redun-
dant systems. In the event of a failure,
good processors identify a bad unit,
reload it with correct data, and attempt
to restart it.

In the RAMPS (see figure), redundant
processors sample redundant sensors
and commands. Each of these proces-
sors transmits its output to a second set
of redundant processors. The latter
processors select correct input data and
use them to execute the control algo-
rithm, then transmit the resulting data to
fault-tolerant actuators. The processors
operate independently, each having its
own clack. Therefore the system as a
whole operates asynchronously.
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Each Microprocessor in the RAMPS is equipped with a multivibrator to accommodate
intermittent faults. The structure can be expanded readily to a more generalized archi-
tecture. Additional distributed functions can be performed by expanding horizontally.
Reliability can be improved through increased redundancy by expanding vertically.
Finally, computational capacity can be increased by adding parallel processors out of

the plane of the page.

The statically redundant configura-
tion of the RAMPS is intrinsically toler-
ant of permanent faults. It is made toler-
ant of intermittent faults through the
addition of a simple retriggerable muiti-
vibrator, shown in the figure. Since inter-
mittent faults stop normal computer-
program flow, control software is
supplemented by a short subprogram
that generates periodic antiretriggering
pulses to the multivibrator. As long as
this pulse train is present, the multi-
vibrator is inactive. When an inter-
mittent fault stops program flow, the
pulse train ceases, and the multivibrator
automatically restarts the processor

program. The antiretriggering pulses
resume, inactivating the multivibrator.

Because the resident control algo-
rithms are asymptotically stable — a
prerequisite for asynchronous operation,
they force the failed processor to gener-
ate data that match those in the good
processors. The RAMPS and the restart
multivibrator have been successfully
tested in the laboratory.

This work was done by George Meyer
and Jay O. Johnston of Ames Research
Center and William R. Dunn of the
University of Southern Colorado. No
further documentation is available.
ARC-11348
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Designing Test Chips for Custom Integrated Circuits

Test structures and procedures
are generated automatically.

NASA's Jet Propulsion Laboratory, Pasadena, California

A collection of design and testing pro-
cedures partly automates the develop-
ment of built-in test chips for CMOS
integrated circuits. The test-chip method-
ology is intended especially for users of
custom integrated-circuit wafers.
Test chips are needed because the
number and complexity of circuits on a
wafer make it uneconomical to test every
function of every circuit in a production
lot of wafers. Instead, lot acceptance and
the assurance of reliability of the fabrica-
tion process are based on results ob-
tained from the representative circuits of
the test chips.
On a typical wafer, the test chips cover
from 10 to 50 percent of the wafer area.
Test chips are interspersed with product
chips. The microelectronic structures of
the test and product chips are laid out
and fabricated in the same process.
Each test structure is contacted by an
array of electrical probes. (A representa-
tive set might be a square array of 2 by 10
probes, each of 80-um-square cross sec-
tion, spaced 80 um apart.) The probe
measurements are analyzed for one or
more of the following purposes:
*Checking conformity with layout rules,
eDetermining device and process
parameters,

eDetermining circuit-performance pa-
rameters, and

eLocating faults that occur during
fabrication.

The plan for assembling test chips and
generating testing procedures is illustra-
ted schematically in the figure. To auto-
mate and systematize much of the test-
ing effort, a computer program called
Test Chip Assembler (TCA) has been
prepared. This program consists of pa-
rametrized procedures that generate the
test structures such as: conductors, ca-
pacitors, diodes, transistors, resistors,
and mechanical structures. Each test
module in the TCA includes the module
name (e.g., ‘‘resistor,” *‘capacitor,”), a
description of the information to be ob-
tained from the test (for example, leakage
current or oxide thickness), the geomet-
ric parameters of the structure, the den-
sity of the probe pads, and procedures for
testing.
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Test-Chip Designs and Testing Procedures (including data-reduction procedures) are
generated automatically by a computer from programed design and testing rules and

from information supplied by the user.

Some of the geometric parameters of
a test structure are fixed or determined
by rules, while others are supplied by the
user before the calculation. The com-
plete set of physical dimensions that
specifies a test structure is calculated by
the computer according to design rules in
the test module. For example, a test
module may describe a transistor for
which the user specifies the channel

width and length but for which all other
dimensions are determined according to
the module algorithm.

This work was done by Martin G.
Buehler, Thomas W. Griswold, Cesar A.
Pina, and Constantin C. Timoc of Caltech
for NASA’s Jet Propulsion Laboratory.
For further information, Circle 9 on the
TSP Request Card.

NPO-15988
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Self-ldentifying Reflecting Targets

A modulated reflector impresses its

signature on reflected light.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A proposed scheme for target identifi-
cation would require no radiation of ener-
gy by the target itself. Instead, the target
would alter a light beam reflected from
itself back to an interrogating station in a
unique way. The interrogator would then
identify the target from its signature im-
pressed on the returned beam. The self-
identifying target would be useful in
surveying, navigation, and remote moni-
toring (for example, of mountain-climbing
parties).

The target would use a cube-corner mir-
ror to reflect the collimated light beam
back to the interrogator, which might be on
a passing airplane, for example. (A cube-
corner reflector returns light along a path
parallel to the path of incidence and its
reflection is therefore seen only by the in-
terrogator.) The cube reflection would be
modulated to introduce a unique signature
into the beam.

Mechanisms are proposed for impress-
ing a signature on the reflected beam. For
example, if the cube comer is a solid
transparent body and light is refiected by
total internal reflection from each face, a
material of similar refractive index could be
brought within half a wavelength or less of
one face and its distance from that face
varied to alter the degree of internal reflec-
tion. The material, in the form of a plate or
diaphragm, might be oscillated by a
magnetic or piezoelectric actuator driven
by a sinusoid of known frequency, a coded
voltage, or current pulses (see figure). If a
hollow cube comer with refiecting surface
is used, the reflection could be modulated
by mechanically distorting one of the faces.

The reflected beam would be received
by a photodetector at the interrogating sta-
tion, and logic or other circuitry would iden-
tify the modulating pulse code or frequen-
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A Cube-Corner Reflector returns a parallel, slightly displaced beam of light to an inter-
rogating station. Pulses from the encoder/driver modulate the reflection, thereby pro-
viding a coded optical signal that can be used for target identification or navigation.

cy. For navigation or other purposes, it
might be desirable to have a target that
returns different signals when observed
from different directions. In the example of
the figure, comner cubes grouped into a
target are aimed so each is centered on a
different 90° portion of the azimuth. Each is
modulated with a different frequency or
code. Thus, for example, an interrogating
aircraft could determine its azimuth from

the target to within a quadrant. Ambiguity
could be reduced by using narrow wave-
length bands in the interrogating beam and
wavelength selection at the cube corner.

This work was done by Robert E.
Frazer of Caltech for NASA’s Jet Propul-
sion Laboratory. For further information,
Circle 45 on the TSP Request Card.
NPO-16106

Finding Bright-Spot Coordinates in Television Images

Video-processing circuit aids in
calculation of spot centers.

Marshall Space Flight Center, Alabama

A circuit provides data for a computer
to calculate the coordinates of a bright
spot of light in a video image. The calcula-
tion is performed while the image is being

NASA Tech Briefs, Spring 1985

scanned, and the results are available im-
mediately at the end of the video frame.
The center of the spot can be determined
regardless of its size, whether it fills only

one picture element (pixel) or fills the en-
tire frame. Developed to aid in automatic
docking and rendezvous of spacecraft,
the video-processing circuit has a variety
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of potential uses in commerce and indus-
try. For example, it can locate tagged-
parts on a factory assembly line or track
airplane landing lights.

The inputs to the video-processing cir-
cuit are video signals from a television
camera and control signals from a com-
puter. The outputs of the circuit are three
quantities from which the computer can
determine the location of the bright spot in
the television image.

A microprocessor in the circuit (see
figure) passes data between the compu-
ter and a video terminal. The microproc-
essor also intercepts data intended for
the video-processing circuit by recogniz-
ing certain characters in the data. A syn-
chronizer coordinates requests for action
intercepted by the microprocessor with
the start of a video image from the cam-
era. A comparator converts the video sig-
nal from analog to digital form. The digital
signal is ON for a bright pixel and OFF for
a dark pixel.

There are three counters in the circuit.
The pixel counter counts the ON pixels
detected by the computer. The column
counter counts up by 1 for each pixel ina
line, whether the pixel is ON or OFF. The
line counter counts lines in the image. The
outputs from the column and line count-
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Video-Processing Electronics examine a television signal to arrive at three quantities
from which a computer can calculate the coordinates of the center of a bright spot in the
television image. The processing circuitry uses digital techniques to reduce component

costs and produce immediate results.

ers are fed through adders to two accum-
ulators, which are synchronized with the
camera. The total in the column counter is
added to the column accumulator, and
the total in the line counter is added to the
line accumulator. The accumulators tally
the number of bright pixels, the sum of the
column numbers for rows with bright pix-
els, and the sum of the row numbers for
columns with bright pixels.

Data from the pixel counter, the col-
umn accumulator, and the line accumu-
lator are fed to a multiplexer. The output of

the multiplexer goes to differential drivers,
which send the data to the computer. The
computer determines the coordinates of
the centroid of the bright spot by taking
the ratio of the line-number total to the pix-
el total and the ratio of the column-
number total to the pixel total.

This work was done by Thomas E.
Richardson and John C. Tietz of Martin
Marietta Corp. for Marshall Space
Flight Center. For further information,
Circle 61 on the TSP Request Card.
MFS-25999

Synchronizing Data-Bus Messages
Scheme allows “‘collision-free’” communications

without a central controller.

Lyndon B. Johnson Space Center, Houston, Texas

An adapter allows communications
among as many as 30 data processors
without a central bus controller. The
adapter thus improves the reliability of a
multiprocessor system by eliminating a
point of failure that could cause the en-
tire system to fail.

A transceiver transfers data from a
host processor to the data bus (see
figure). The adapter includes a ‘‘state
machine' that requires four input
signals and provides two output signals.
The input signals are as follows:

1. Dead Bus — this is a flag that indi-
cates that the data bus has been in-
active for a period exceeding 20
microseconds.

2. Address Compare — the 5-bit termi-
nal address of the host processor is
compared to the address in the 5-bit
terminal-address counter. If the two
addresses are identical, the address-
compare signal is said to be true.

3. Bus Request — this is a signal from
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Access to a Data Bus is granted to a host processor on the basis of four signals to and
two signals from the state machine. The scheme assigns data-bus timeslots and

prevents data collisions.
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the host processor requesting ac-

cess to the data bus.

4. Overflow — the overflow of the ter-
minal-address counter is stored in a
latch.

The output signals are the following:

1. Transmit Poll — a request to the host
processor to transmit its terminal poll
address, and

2. Bus Granted — a signal to the host
processor that access to the bus has
been granted.

When a poll command is issued, it is
received by every terminal in the net-
work of processors. At the same time,
the address of the host terminal is load-
ed into the terminal-address counter,

and the counter overflow latch is reset.
These events synchronize all terminals
in the network to the same terminal
address.

If the bus is inactive long enough for
the terminal-address counter to over-
flow its setting and if the bus remains in-
active until the counter arrives at the
host-terminal address, a poll command
is transmitted. The poll command is a
query to other processors as to whether
they have a message for the host
processor.

The terminal with the lowest numeri-
cal terminal address transmits its ad-
dress in a poll command during each cy-
cle of the terminal-address counter as

long as the bus remains inactive. The cy-
cle time is 620 us; 20 us for polling, 20 us
for dead-bus detection, and 620 us for
the counter to overflow.

If the polled terminal has a message
for the host, it can transmit it to the host
when the data bus becomes available.
This scheme prevents data collisions
and eliminates nonessential polling,
thereby reducing power consumption.

This work was done by Lewis H.
Harris of Lockheed Engineering and
Management Services Co., Inc., for
Johnson Space Center. For furthér in-
formation, Circle 90 on the TSP Request
Card.

MSC-20640

FIFO Buffer for Asynchronous Data Streams

Data are melded into a single
constant-rate stream.

Lyndon B. Johnson Space Center, Houston, Texas

Variable-rate, asynchronous data sig-
nals from up to four measuring instru-
ments or other sources are combined in
a first-inffirst-out (FIFO) buffer for trans-
mission on a single channel. Constructed
in complementary metal-oxide-semicon-
ductor (CMOS) logic, the buffer con-
sumes low power (only 125 mW at 5 V)
and conforms to aerospace standards of
reliability and maintainability.

The buffer accommodates data
streams that issue from sources at rates
from 10 bits to 64 kilobits per second in
frames, with subframes of 8 to 1,024
bytes. To prepare the data for the FIFO
buffer memory, the signal from each
source is fed through one of four
prebuffers called data-interleaver
decommunicators (see figure). The data
from each decommunicator are assigned
in subframes to various sections in the
FIFO buffer memory. The memory
address assignments are done by control
logic that keeps account of the data that
have come in and gone out and of the
loaded and unloaded memory locations.

Data are taken out of the buffer
memory for interleaving onto the output
bus upon receipt of a “fetch” command
from the master unit of the pulse-code
modulator. Memory sections are listed in
the fetch-pointer memory (FPM) in the
order in which they are to be unloaded.
The FPM contains a sufficient number of
entries to insure that data are retrieved at
least as fast as they are written into the
buffer. “Fetch” commands are formulat-
ed by a data-interleaver compiler at a
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preset rate according to telemetry speci-
fications. Each such command specifies
the memory section to be unloaded and
the number of data words expected. A
new “fetch” command is issued when all

the data specified in the preceding com-
mand have been transmitted.

To insure flexibility, to reduce mass-
storage memory requirements, and to
reduce the number of FPM loads, an
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The FIFO Data Buffer interleaves up to four variable-rate, asynchronous data streams
into a single constant-rate output data stream. Input data rates range from 10 bits to 64

kilobits per second.
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indirect-addressing port allows each data
source to operate through any of the four
decommunicators. A “fetch” command
causes the FPM to increment to the
number of the next section to be un-
loaded. This section number is compared

with entries in a memory that tracks the
decommunicator data-source assign-
ments and their corresponding memory
addresses. When a match is found, the
indicated section of memory is unloaded
onto the data bus. If a match is not found,

fill data are sent.

This work was done by Kent P. Bascle
of Harris Corp. for Johnson Space Cen-
ter. For further information, Circle 34
on the TSP Request Card.

MSC-20403

Synchronization for Optical PPM Signals

A clock signal is recovered from

the received optical signal and noise.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A method based on the statistical prop-
erties of a weak pulse-position-modulated
(PPM) signal enables the synchronization of
a receiver clock with the received-signal
time base. The method applies to weak op-
tical M-ary PPM signals, for which there is
only one pulse of length T, transmitted dur-
ing one of the timeslots of length T in each
successive interval of M timeslots. The
method requires a small dead time, Ty, at
the beginning and end of each timeslot,
during which the pulse amplitude is zero
(see Figure 1).

At the receiver, the signal and noise are
fed through a threshold detector to remove
low-amplitude thermal noise, amplified,
then clipped (see Figure 2). The clipper out-
put is a series of equal-amplitude pulses
much shorter in duration than Tp, each
pulse representing one or more photons
that may be part of a transmitted pulse.
The photon pulses are assumed to occur
at random points within each transmitted-
pulse interval.

The clipper output is fed to a decoder
and to a tracking loop. The receiver clock is
a voltage-controlled square-wave gener-
ator in the tracking loop and must be syn-
chronized to assure proper operation of the
decoder. The first step in the synchroniza-
tion process is the multiplication of the clip-
per output by a square wave. The product
signal is a series of positive and negative
versions of the photon pulses.

If the receiver clock and the received-
signal clock are in synchronism (but 90°
apart in phase) then, on the average over
time, the number of positive and negative
pulses is equal and the average product is
therefore zero. If the signals are not in syn-
chronism or not in the proper phase rela-
tionship, there is a slowly-varying or
nonzero dc error component in the prod-
uct. Assuming that Poisson statistics
govern the photon pulses, the average
error voltage is proportional to the time er-
ror between the received-signal and
receiver clocks when that error is less than
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Figure 1. The Transmitted Signal consists of sequences of M timeslots, with only one
pulse in one timeslot during each set of M. The information is conveyed by the pulse posi-
tion; that is, by the number of the slot in which a pulse appears. Each timeslot includes a
short “dead” time at the beginning and end of the pulse time T,,.
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Figure 2. In this Receiver, the tracking loop synchronizes the local clock with that of the

the dead time. received PPM signal.
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To remove the rapidly varying com-
ponents, the product signal is fed through a
low-pass filter, the bandwidth of which is
much less than the inverse of the PPM
word duration, MT. The filter output is the
slowly-varying error voltage that adjusts the
square-wave generator frequency to main-
tain synchronism.

The statistical analysis shows that track-
ing improves with decreasing tracking-oop
bandwidth, increasing M, and increasing
received-signal photon rate. Practical
values of T4/T,, are in the neighborhood of a
few percent.

This work was done by Victor A.
Vilnrotter of Caltech for NASA’s Jet Pro-

pulsion Laboratory. For further informa-
tion, Circle 76 on the TSP Request Card.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
NASA Resident Office-JPL [see page
29]. Refer to NPO-16256.

High-Temperature Hall-Effect Apparatus

A compact furnace minimizes thermal

gradients and electrical noise.

NASA's Jet Propulsion Laboratory, Pasadena, California

A semiautomatic Hall-effect apparatus
takes measurements on refractory
semiconductors at temperatures as high
as 1,100° C. Intended especially for use
with samples of high conductivity [102 to
103(Q-cm)']and low charge-carrier mobili-
ty [102 to 102 cm?V-s] that exhibit low
signal-to-noise ratios, the apparatus is
carefully constructed to avoid spurious
electromagnetic and thermoelectric ef-
fects that could further degrade the
measurements.

The sample holder (see top of figure) is
made of alumina or boron nitride. Boron
nitride is used because this material is easi-
ly machined and also performs well as an
electrical insulator at high temperatures.
Electrical contact with the sample is made
by four tungsten probes having chisel-
shaped ends to assure high contact pres-
sure. Each probe is spring-loaded against
the sample by a sapphire cantilever spring.
Sapphire is used because of its high
strength, Young's modulus, availability,
and retention of elasticity at the operating
temperature.

The sample holder is housed in a
molybdenum case that helps to even out
local temperature variations and acts as an
electrical shield. The probe leads are in-
sulated in alumina tubing. A molybdenum
tube welded to the case serves as an elec-
trical shield for the dc powered leads.

The furnace that encloses the sample
case is made from a molybdenum box of
0.25-in. (6.4-mm) wall thickness, with
grooves to accept the heating rods (see
bottom of figure). The heating rods are
made of double-bore alumina tubing with
molybdenum resistance-heating wire in
the bores. To minimize the stray magnetic
field of the heating current, the wire is fed
through one bore of each rod, winding all
the way around the furnace, and then back
through the opposite bore of each rod.
Sheets of molybdenum foil wound around
the furnace box act as heat-radiation baf-
fles.
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The Sample Case (above) is mounted in the furnace box (below). The furnace box is
mounted inside a water-cooled vacuum jacket that fits in a 2-in. (5.1-cm) gap between

electromagnet pole pieces.
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The furnace box is placed inside a
water-cooled stainless-steel vacuum
enclosure with coaxial electrical connec-
tors in the end caps. This outer enclosure
fits in the 2-in. (5.1-cm) gap between the
pole pieces of the electromagnet used to
generate the Hall magnetic field.

All external wiring is shielded with low-
noise coaxial cable, and connections are
made with low-thermal-voltage solder.
Probe voltages and currents are read with

sensitive digital nanovoltmeters and am-
meters.

The external electronic instruments are
controlled by a computer that automates
the measurements and performs all the
Hall-effect calculations. A measurement is
taken every 025 seconds. After a se-
quence of measurements, the computer
prints intermediate results and asks the
operator for approval. If the operator ques-
tions some data, the computer orders the

repetition of the affected portion of the
measurements.

This work was done by Charles
Wood, R. Addis Lockwood, Artur B.
Chemielewski, James B. Parker, and
Andrew Zoltan of Caltech for NASA's Jet
Propulsion Laboratory. For further infor-
mation, Circle 101 on the TSP Request
Card.

NPO-16279

Single-Frequency Multitransmitter Telemetry
Nonsynchronous time-division multiplexing

eliminates overlap errors.

M Langley Research Center, Hampton, Virginia

A4

A telemetry technigue for data collection
on general aviation aircraft involved in
aeronautical research consists of many
sensor/transmitter units at different loca-
tions on the aircraft. Individual signaling and
logic at each sensor/transmitter send sig-
nals to a single receiver in the airplane. The
transmitters operate independently on the
same frequency and are not synchronized
to the receiver, eliminating erroneous data
resulting from two-transmitter overlap.

In each transmitter (Figure 1), an analog
signal from the sensor is input to a low-pass
fiter and then to an analog-to-digital (A/D)
converter. The A/D converter has a parallel
output; additional identification bits are
added at the converter output to allow de-
termination of the data source. A biphase
encoder is used, where the data are mixed
with the clock and transmitted over the RF
link to the receiver.

The control portions of the transmitter
enable and disable the logic and analog cir-
cuitry for the proper sequencing of the
operation. The control circuit also mini-
mizes the battery power consumption by
deactivating the circuitry not being used
and sets the sampling rate of the transmit-
ter. When the transmitter is not in the
transmission mode, the only circuit drawing
current is the control circuit. The transmitter
employs frequency-shift keying (FSK) for
the RF link. The modulation signal is in digi-
tal binary format with only two frequencies
generated, f, and f, + Af.

The receiver detects only one frequen-
cy at a time for a nominal transmission.
Thus, the detection of two frequencies si-
multaneously implies that there is more
than one active transmitter. In almost all
cases, the overlap of the two signals is par-
tial; therefore, a memory is used to record
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_the occurrence of overlap of any part of a

data word.

In the overlap-detector/receiver circuit
(Figure 2), OUTPUT and OUTPUT corre-
spond to the demodulated frequencies f,
and f, + Af, respectively. With OUTPUT and
OUTPUT as inputs, the OR gate disables
the data buffer and enables the shift
register and memory when acknowledging
a data reception. The data word is stored in
the register until the total word is received;
then the system determines whether the
data word is to be discarded because of
overlap or sent forward to the next stage.
When the reception is over and an overlap
is not detected, the OR gate and memory
flip-flop enable the data buffer, and, after a
time delay, the shift register is cleared.

If, during the reception, OUTPUT and
OUTPUT are simultaneously high, implying
that two or more transmitters are active
and overlapping, gate 1 triggers the mem-
ory flipflop. When reception is over, the
memory flip-flop makes the OR gate clear
the shift register before the data buffer is
enabled, and the data received during the
overlap period are discarded. Since the
identification bits are cleared together with
the data bits, the demultiplexing process
does not send the stream of logical zeros
to any valid channel, and each channel
holds the preceding data until new informa-
tion is received.

For the general-aviation data system
(9 transmitters, 2-Hz signal bandwidth, and
4045 sample length), a minimum aliasing

ANALOG
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N

Figure 1. The Control Portions of a Transmitter enable and disable logic and analog cir-
cuits for proper sequencing. To keep power consumption low, only the control circuit is

on between transmissions.
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error of less than 0.01 percent is obtained
with a sample rate of 800 samples per sec-
ond. For other applications, a compromise
should be made between link accuracy,
number of channels (transmitters), RF
bandwidth (sample length), and signal band-
width (sample rate).

This work was done by Victor A. Carreno
of Langley Research Center. For further
information, Circle 103 on the TSP Request
Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive li-
cense for its commercial development
should be addressed to the Patent Counsel,

Langley Research Center [see page 29].

Refer to LAR-13006.

OVERLAP

Figure 2. The Overlap Detector/Receiver Circuit uses a memory to record overlap of any
part of a data word. If overlap occurs, the data are considered erroneous and not sent on

to the buffer.

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

Doubly-Differenced
Measurements for Orbit
Determinations

Accurate measurements
enhance data from geodetic
and oceanographic
satellites.

A report describes an accurate
method of determining the orbit of a low-
altitude Earth satellite. The method is in-
sensitive to clock errors and provides a
continuous determination of the orbit. For
a constellation of 18 satellites of the
Global Positioning System (GPS) and 13
ground stations, the altitude of a satellite
at approximately 1,300 km can be deter-
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mined within 5 cm in 2 hours of tracking.
The report examines the effects of em-
ploying fewer ground stations, of applying
different solution strategies, and of in-
troducing fictitious thrust parameters to
minimize geopotential modeling error —
one of the major error sources.

The method makes it possible to
realize the full potential of low-altitude
satellites in geodetic and oceanographic
applications. The orbital positions of
these satellites must be known accurate-
ly so that the performance of their very
precise sensors can be exploited.

The satellites of the GPS are in high
orbits that provide them with long viewing
periods of both low-altitude satellites and
Earth stations. Moreover, the worldwide
coverage of GPS signals allows continu-
ous tracking of low-altitude satellites with-
out a large number of Earth stations. Dop-
pler measurements are made at a user
satellite and at ground stations on signals
from GPS satellites, and these meas-
urements are processed along with GPS
ephemeris data to yield the orbital posi-
tion of the user satellite.

In particular, the method uses doubly-
differenced GPS Doppler. The difference
between the Doppler measurements on
signals from the GPS satellite to the user
and on signals from that GPS satellite toa
ground station is subtracted from the dif-
ference of similar measurements on sig-
nals from a second GPS satellite to the
user and the same ground station. The
doubly-differenced GPS Doppler meas-
urements are easy to make, accurate,
and are very insensitive to clock errors
(biases or instabilities) between the user
satellite and the ground station. The only
timing requirement is that the low-altitude
satellite and the Earth station clocks pro-
vide time measurements that are ac-
curate within 1 microsecond. Such
clocks are readily available.

This work was done by Sien-Chong Wu
and V. John Ondrasik of Caltech for
NASA’s Jet Propulsion Laboratory. 7o
obtain a copy of the report, “'Orbit Deter-
mination of Low-Altitude Earth Satellites
Using GPS RF Doppler,” Circle 11 on the
TSP Request Card.

NPO-16111
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Protective Package for a Gamma-Ray Detector
Enclosure resists contamination,

voltage breakdown, and vibration.

NASA's Jet Propulsion Laboratory, Pasadena, California

A package for a germanium gamma-
ray detector protects the semiconductor
crystal from contamination, allows it to
operate at high voltages, and isolates it
from shock and vibration. The package
seals the detector from its surroundings,
whether in the atmosphere or in the
vacuum of space.

The main parts of the package, a base
and a cover, are made of aluminum. As
shown in the figure, the cover is sealed to
the base by a soft aluminum ring. Since
no solder is used for the seal, there isno
danger of contamination of the germa-
nium by flux outgassing inside the
package.

A high-voltage power connection and
a low-voltage signal connection are
soldered to the cover. Nitrogen is in-
troduced into the sealed package
through the evacuation port. The ni-
trogen gas inhibits high-voltage arcs in

the package cavity, prevents oxidation
of the crystal, and provides back pres-
sure to minimize the release of gases
from the package metal. A small amount
of helium in the nitrogen charge allows
leakage from the package to be
measured with a sensitive helium leak
detector.

A clamping ring surrounds the jaw
fingers and ceramic jaws and clamps
them to the germanium crystal. The
device is thus supported without damage
to sensitive crystal surfaces, even during
high acceleration.

This work was done by Marshall Fong.
Charles Lucas, Albert Metzger, Donald
M. Moore, Robert Oliver, and Walter
Petrick of Caltech for NASA's Jet Pro-
pulsion Laboratory. For further infor-
mation, Circle 28 on the TSP Request
Card.
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This Housing for a Germanium Detector, part of a gamma-ray spectrometer, holds the
germanium crystal securely while protecting it from contamination. Although designed
to hold nitrogen, the package can also be evacuated if necessary.
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Variable-Temperature-Gradient Device for Solidification Research

A moving stage keeps the solidification front
stationary while the gradient changes.

Marshall Space Flight Center, Alabama

A device for research in solidification
and crystal growth allows crystallization
of a melt to be observed as it occurs.
The temperature gradient across the
meit specimen can be increased or
decreased rapidly while the solidifica-
tion front proceeds at a constant speed
across the sample. The device moves
the sample at the same speed, thereby
holding the position of the liquid/solid in-
terface stationary within the field of an
optical microscope. The device, a
variable-temperature-gradient micro-
scope stage, can thus be used to study
crystal growth at a constant rate while
the thermal driving force is varied.

The specimen is held in a cell as a thin
transparent film between two glass
slides. One end of the film is heated
while the other is cooled. A researcher
views the film through the glass-slide
sandwich by light transmitted through it
from the opposite side. The specimen,
usually an organic alloy, is selected for
its metallike solidification characteris-
tics. The specimen melting temperature
should be compatible with the materials
~ in the stage structure; at present, melt-
ing points in the range -20 to +100°C
are acceptable. The temperatures of the
hot and cold ends of the specimen are
controlled so that a solid/liquid interface
exists in the film and the required ther-
mal gradient extends from one end to
the other.

The specimen cell rests on two
blocks— one hot and one cold — which
provide the controlled heating and cool-
ing for the specimen (see figure). The hot
block is heated by one thermoelectric
device while the cold block is cooled by
another. The same constant-tempera-
ture water bath flows through blocks
below the thermoelectric devices. Main-
tained at the melting temperature of the
specimen, the bath provides a tempera-
ture reference for heating and cooling.

The temperature of each block is
monitored by a thermocouple, and a
small computer regulates the current to
each thermoelectric device on the basis
of the thermocouple signals. To adjust
the temperature gradient, the computer
increases or decreases the currents to
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the thermoelectric devices at pro-
gramed rates. At the same time, the
specimen is pushed over the blocks
toward the cold side, under computer
control, so that the line of solidification
sweeps across the specimen but stays
in the microscope field of view. Diffrac-
tion at the liquid/solid interface reveals
details of the solidification process.
Thermal stability is essential. It would
not be acceptable to increase stability
by increasing the masses of the heating
and cooling blocks; it would not then be
possible to change gradients smoothly
and rapidly at the required rate of 2° C
per centimeter per minute. Instead, very
close temperature control is employed.
The water bath is continuously circu-

lated to maintain an even temperature.
Meanwhile, the computer calculates the
currents for the thermoelectric devices.
The computer sends control signals by
way of a digital-to-analog converter to a
sample-and-hold amplifier, which pro-
vides analog control signals to the high-
current power supplies for the ther-
moelectric devices.

This work was done by William F.
Kaukler of USRA for Marshall Space
Flight Center. For further information,
Circle 37 on the TSP Request Card.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Marshall Space Flight Center [see page
29]. Refer to MFS-26008.
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tric cells and a constant-temperature water bath flowing through cooling blocks maintain
a controlled-temperature difference between the blocks.
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Telescope With Reflecting Baffle
Undesired light is rejected by reflection.

Ames Research Center, Moffett Field, California

A telescope baffle is made from a
combination of reflecting surfaces. In
contrast with previous ellipsoidal reflect-
ing baffles, the new baffle reflects skew
rays more effectively and is easier to
construct. For infrared telescopes, re-
flecting baffles are better than absorbing
baffles because the heat load is re-
duced, and it is not necessary to con-
tend with the insufficiency of infrared ab-
sorption exhibited by black coatings.

The principle of operation for merid-
ional rays is shown in the figures. A ray
coming in at an angle with the telescope
axis undergoes multiple reflections
between the two reflecting surfaces.

A special property of this configura-
tion is that after bouncing back and forth
between the reflecting surfaces, the
light is reflected back out in a direction
nearly opposite to the direction of entry.
Thus, the entrance pathway for stray
light can also be used as the pathway for
rejection.

To reject light entering throughout the
complete range of undesired paths, a
telescope may have to include a series

TELESCOPE
y AXIS

TELESCOPE WALL, cm

Figure 1. A Baffle Is Produced by Rotating
this figure about the telescope axis. Upon
rotation, the circular segment generates
the surface of a torus, and the straight line
generates the surface of a cone. This con-
figuration is the simplest case of retrore-
flectors based on a multiple reflection
between adjacent surfaces. For this con-
figuration, the reflection properties de-
pend on the parameters A and d and on
the shape of the curved segment.
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of such baffles. The design parameters
of each baffle would be chosen to
minimize the angular difference be-
tween the incoming and outgoing light
paths for the range of angles served by
that baffle.

While meridional rays are relatively
easy to calculate and to depict on paper,
the analysis of skew rays is more compli-
cated. From sample calculations for one
infrared telescope designed with re-
spect to meridional rays, it appears that
most undesired skew rays would also be
rejected. '

y
25

This work was done by William 1.
Linlor of Ames Research Center.
Further information may be found in
NASA TM-84406 [N84-13985/NSP],
“Baffle System Employing Reflective
Surfaces’ [$8.50]. A copy may be
purchased [prepayment required] from
the National Technical Information
Service, Springfield, VA 22161.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center [see page 29].
Refer to ARC-11502.
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Figure 2. Ray Reflections for a baffle angle of A = 29.50° are shown. To achieve less
deviation in angle between the incident and reflected rays, the circular segment can be
replaced with a parabolic, elliptic, or a more complicated segment. The straight line can
similarly be replaced by a more suitable curve.
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Out-of-Focus Alinement of Solar Concentrators

Mirror facets are adjusted to place
their reflections at calculated positions.

NASA’s Jet Propulsion Laboratory, Pasadena, California

The alinement of the approximately
250 mirror facets of a paraboloidal solar
concentrator is simplified by precalcu-
lated images reflected from all the facets.

Previously, the facets had to be alined
by uncovering each one in turn, then ad-
justing them to place the image of a
distant [3.6 mile (5.8 km) away] light
source at the nominal focal point. In the
new alinement technique, no attempt is
made to simulate an infinitely distant light
source, and all the mirrors are left
uncovered throughout the procedure.
The light source is placed at a distance of
1,650 feet (503 m); other distances could
be used.

Using standard ray-tracing formulas,
the nominal boundary is calculated for
the patch of light from the source that
should be reflected from each properly
alined facet onto a target plane placed a
convenient axial distance from the nomi-
nal focal point (see figure). A screen with
the light-patch boundaries drawn on it is
placed at the designated target plane.

Each light patch on the screen can be
traced to its mirror by its unique shape
and orientation. Therefore, it is relatively
easy to find and adjust that mirror to
move the light patch to its correct
position within its outline.

‘Although developed for large solar
concentrators, the technique can be
used with other multiple-mirror or multi-
ple-light-source systems for producing
specified illuminance patterns. General-
purpose ray-tracing computer programs
are available and are readily adaptable to
in- and out-of-focus alinement problems.
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A W
L O 4

NOMINAL FOCAL POINT
FOR LIGHT FROM
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Patches of Light are produced on non-focal-plane targets by reflecting light emitted by a
nearby source from the mirror facets. When the facets are properly alined, the light patches
in the non-focal plane are in the precalculated positions shown. Also, when the facets are
properly alined, light from an infinitely-distant light source would be concentrated in the
receiver aperture near the nominal focal point.

This work was done by Maurice J.
Argoud and Edwin W. Dennison of Cal-
tech for NASA’s Jet Propulsion Labo-

ratory. For further information, Circle 31
on the TSP Request Card.
NPO-15563

Measuring Clouds With Microwaves and Infrared
Microwave technigues make standard infrared

measurements more meaningful.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A combination of microwave and in-
frared measurements from satellites
yields data from which the thicknesses
and temperatures of clouds can be in-
ferred. Microwave radiation measured by
the satellite is used to determine the
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thickness of a cloud and the difference
between the cloud-top temperature and

by a cloud is used to determine the tem-
perature and altitude of the cloud top and

the mean temperature of the interior. The
technique extends the capability of a
previously established method in which
infrared radiation returned to a satellite

the fractional area of Earth covered by
the cloud.

The addition of data from microwaves,
which can penetrate deeply into clouds,
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provides information more complete than
that from infrared alone. Infrared radiom-
etry has been applied extensively in the
past to cloud research by satellite, but has
been limited by the opacity of clouds to
these wavelengths. In the combined infra-
red/microwave method, a scanning multi-
channel radiometer on board the satellite
measures microwave radiation at 18, 21,
and 37 GHz with both horizontal and ver-
tical polarizations. These measurements,
in combination with infrared radiometer
measurements, make it possible to deter-
mine the top-to-mean temperature differ-
ence within an rms error of 3° C and the
cloud thickness within about 0.4 km rms.

Extraction of geophysical parameters
from the microwave data is complicated by
the dependence of microwave emissions
from clouds on the microwave frequency
and the water content and temperature of
the cloud. A regression technigue for proc-
essing measurements of the infrared and
microwave radiometers takes these and
other dependencies into account: For the
cloud thicknesses and mean temperatures,
regression coefficients (see table) that
relate these quantities to conventional
cloudtop-height data and to the micro-

Microwave Channel
Parameter To Intercept of Predicting Coefficients |rms Error
Be Found in km Function f(Tg) in km in km
Cloud Temperature | —119.9238 18V 31.3095 31
Differential (°C) 18 H - 64.7607
Cloud Top -1.8383
21H 13.8590
37V —36.2355
37H 31.2996
Cloud Thickness -1.3155 18V -3.2125 0.43
(km) 18 H 3.9367
21V 2.4566
21H —-2.3741
37V —-0.5631
Cloud Top 0.2245

Cloud Temperature and Thickness are inferred from microwave brightness at three frequencies
and two polarizations (18, 21, and 37 GHz; horizontal and vertical) and from conventional
cloud-top-height predictions made from infrared measurements. The regression coefficients
are obtained from a statistical simulation using data from meteorological measurements and
from prediction formulas. For a given microwave channel, the predicting function f(Tg)
depends on the brightness temperature in that channel: f(Tg) = In(280-Tg).

wave-channel brightness temperatures are
obtained by correlation of predicted values
with radiosonde measurements of several
hundred clouds.

This work was done by Prem C.

Pandey, Eni G. Njoku, and Joe W. Waters
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 48 on the TSP Request Card.
NPO-16265

Imaging Spectrometer for Geophysical Surveys

Instrument permits analysis of terrain

at many infrared wavelengths.

NASA’s Jet Propulsion Laboratory,
Pasadena, California

An airborne spectrometer combines
the technologies of television imaging
and spectroscopy to produce data for
geophysical surveys, agricultural as-
sessments, forest and land manage-
ment, and exploration for oil and miner-
als. For compactness, the instrument
employs an f/3 Schwarzschild folded-
telescope objective of 70.7-mm focal
length and folded monochromator op-
tics with an aperture of /1.6 and a mag-
nification of one half. Light from the ter-
rain enters through a hole in mirror 1 and
is focused by mirrors 1 and 2 onto the
spectrometer slit (see figure). The slit is
oriented so that it passes a narrow strip
image corresponding to a strip of terrain
across the aircraft ground track.

The combination of the grating and
mirrors 3 and 4 acts as the monochrom-
ator. Light from the image strip enters
and leaves the monochromator through
the hole in the grating, coming to final
focus on an HgCdTe charge-coupled-
device (CCD) detector array of 32 by 32
elements, each 68 um square. Each pic-
ture element along the slit axis cor-
responds to a position on the crosstrack
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Designed for Small Size, this infrared imaging spectrometer uses a folded telescope and
passes the input and output of its monochromator through a hole in the monochromator

grating.
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strip on the ground, while each picture
element across the slit axis corresponds
to a portion of the spectrum.

The instrument images the wave-
length range of 1.2 to 2.4 um in four
bands. For each band, the grating is
tilted in increments of 0.42°. The linear
spectral dispersion of the grating gives a
spectral (cross-slit) resolution of 10 nm
per picture element (128 wavelengths
total). At a typical height of 3,000 m, the
crosstrack spatial (along-slit) resolution
is about 6 m per picture element. The
total ground swath width is 183 m.

An electronic-equipment rack pro-

vides power and synchronization signals
to the CCD array and the monochroma-
tor solenoids. An airborne magnetic tape
recorder stores data acquired during a
flight. A computer controls the instru-
ment, the tape recorder, and the CCD
readout. The computer also controls a
status display, organizes the data into
the proper format for recording, and per-
forms preliminary data processing (dark
current subtraction, offset suppression,
and gain correction). Data taken at each
grating position are placed on separate
tape recorder tracks for easier retrieval
and processing.

The spectrometer is timed to give a
10-percent overlap between successive
images along the track and to allow for
the integration-and-readout time of the
CCD detectors. To aid in correlating in-
strument data with the terrain, a 35-mm
film camera, on the same boresight as
that of the spectrometer, takes photos in
synchronism with the instrument.

This work was done by Clayton C.
LaBaw of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further infor-
mation, Circle 27 on the TSP Request
Card. NPO-16072

Nearly Anastigmatic X-Ray Telescope

Many short reflecting elements result

in diminished aberration.

Marshall Space Flight Center, Alabama

A proposed X-ray telescope would be
made of many concentric reflecting
rings, each of which consists of two por-
tions of a cone. The proposed design is a
variation on a conventional grazing in-
cidence X-ray telescope, which has just
one two-segment reflecting element but
which suffers from excessive astig-
matism and field curvature. By using
many short elements instead of a single
long element, the new design would give
a nearly anastigmatic image.

The new telescope (see figure) oper-
ates on the same principle as that of a
conventional grazing-incidence X-ray
telescope. The mirror elements are
shortened in the axial dimension, how-
ever, because the main lateral aberration
in the image is proportional to the axial
length of the reflecting elements. In prin-
ciple, this aberration could be reduced to
zero with elements of infinitesimal
length, ignoring the problem of diffrac-
tion. The engineering compromise is to
use elements of a convenient short axial
dimension and to use many concentric
elements to achieve sufficient image
intensity.

The new telescope configuration of-
fers the following advantages over the
conventional design:
sthe quality of the image away from the

axis is improved due to the reduction of
astigmatism and field curvature;
ethe telescope is more compact, the
short mirror elements forming a struc-
ture resembling a Fresnel lens; and
sthe mirror elements may be simpler to
make.
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This work was done by Dietrich
Korsch of Korsch Optics, Inc., for Mar-
shall Space Flight Center. For further
information, Circle 25 on the TSP Re-
quest Card.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Marshall Space Flight Center [see page
29]. Refer to MFS-25984.

OPTICAL AXIS

The Improved Grazing-Incidence Telescope, consisting of many concentric reflecting
rings, is analogous to the multiple refracting rings of a Fresnel lens.
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Thermally-Rechargeable Electrochemical Cell

Sodium ions would be driven across a membrane
with the aid of a temperature differential.

NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed liquid-sodium/sulfur elec-
trochemical cell would be recharged by
heat, rather than by an electric generator.
The concept is suitable for energy storage
for utilities, mobile electronic equipment,
and solar thermoelectric power systems.

According to the concept, a second
solid-electrolyte membrane would be added
to a sodium/sulfur cell. The second mem-
brane would separate the compartment
containing sulfur and sodium/sulfur prod-
ucts from the compartment containing the
cooled condenser surface (see figure).

When the cell is to be recharged, heating
element 1 is energized, and opposite sur-
faces of the second membrane are con-
nected electrically via an ammeter or a
short circuit. This connection allows sodium
ions to flow across the membrane toward
the condenser under the influence of a con-
centration differential. The differential is es-
tablished by heating the sodium and sodi-
um/sulfur compounds and cooling the so-
dium that has crossed the membrane on
the condenser surface.

After the sulfur and sulfur/sodium liquids
have been largely depleted of their sodium,
as indicated by a lower current reading on
the ammeter, the electrical connection be-
tween the second-membrane surfaces is
broken. The sodium that has solidified on
the condenser is heated by heating element
2 until it melts. The liquid sodium is pumped
to the sodium compartment, thereby re-
charging the cell.

This work was done by Robert Richter
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 89 on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
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NASA Resident Office-JPL [see page

29]. Refer to NPO-16273.

Spectrophotovoltaic Power Generation

Concentrated Sunlight is distributed to solar
cells according to their spectral responses.

Marshall Space Flight Center, Alabama

In spectrophotovoltaic conversion,
concentrated Sunlight is split into
distinct wavelength bands; the light in
each band is directed to a photovoltaic
cell, the spectral response of which
peaks in that band. The available energy
in Sunlight is thus exploited more fully
and, according to a study, improvements

78

in energy-conversion efficiency are
possible.

The efficiency of conversion also in-
creases with the concentration ratio if
the solar-cell temperature is maintained
at about 300 K. Accordingly, the study
examined a system with a 1,000:1 con-
centration ratio using a Cassegrain tele-

scope as the first-stage concentrator
(geometric concentration factor about
270, less obscuration loss) and com-
pound parabolic concentrators for the
second-stage concentration (4.7).
Systems employing up to four cells
were considered; but when the costs
of the optics, beam splitter, radiator,
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and new cell technology were consid-
ered, the most-cost-effective system
was found to be a two-cell gallium
arsenide/silicon system (see figure). The
gallium arsenide cell produces its
greatest power at wavelengths from
about 0.4 to 0.9 micrometer, while
the silicon cell produces significant
power at wavelengths up to about 1.05
micrometers.

An operating scale model of such a
system was built and tested. With a
10-inch (25.4-centimeter) aperture, effi-
ciency was 15.5 percent. The gallium
arsenide cell produced 86 percent of the
total energy output, and the silicon cell
produced 14 percent. The efficiency for
the same cells with perfect optics was
estimated at about 20 percent.

Dramatic gains in efficiency cannot
be expected with gallium arsenide and
silicon cells because the Si cell “'sees”
only 10 percent of the energy that the
GaAs cell does not use. However, alu-
minum gallium arsenide cells with good
response to blue light may become
available in the future, and such a cell
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The Optical Components of a spectrophotovoltaic system concentrate light from the Sun
and redirect the short-wavelength portion of the spectrum to a solar cell having a large
gap in the energy band (a gallium arsenide cell). The longer-wavelength portion of the
spectrum passes through a beam splitter to a cell with a smaller gap in the energy band (a
silicon band).

would form a more efficient combination
with a silicon cell.

This work was done by Gary Knowles
and Joe Carroll of Honeywell Inc., for

Marshall Space Flight Center. For fur-
ther information, Circle 46 on the TSP
Request Card.

MFS-27027

Methanol Fuel Cell

The cell would aid a fuel processor
in converting methanol to hydrogen.

NASA's Jet Propulsion Laboratory, Pasadena, California

In a proposed fuel-cell system, methanol
is converted to hydrogen in two places. An
external fuel processor converts only part
of the methanol. The remaining methanol is
converted in the fuel cell itself, in a reaction
at the anode. As a result, the size of the fuel
processor is reduced, system efficiency is
increased, and cost is lowered.

Methanol and steam are fed to the fuel
processor, which is a catalytic steam
reformer (see figure). The size of the proc-
essor is adequate to convert only 50 to 70
percent of the methanol to hydrogen at the
maximum fuel flow rate. The steam and
methanol react to form hydrogen, carbon
monoxide, and carbon dioxide. These
gases, along with unreacted steam and
methanol, pass to the anode of the fuel cell.

In the fuel cell, the steam and most of the
remaining methanol react to produce more
hydrogen. In a fuel cell with a phosphoric
acid electrolyte, the reaction takes place at
about 200° C. Whatever hydrogen, carbon
monoxide, methanol, and other combusti-
ble gases are not consumed in the fuel cell
are fed to a combustor where they are
burned to heat the fuel processor.

The processor contains a catalyst of
copper or palladium supported on a metal-
lic sponge or honeycomb structure that
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transfers heat efficiently from the burning
gases in the combustor through the catalyst
bed. The processor operates at a steam-to-
carbon ratio between 1.3 and 1.5. The tem-

perature of the gases leaving the processor
is less than 280° C.

A catalyst is also provided at the fuel-cell
anode. Strips of an insulator such as silica

AIR
EXHAUST
FUEL PROCESSOR
FUEL CELL
2, CO, CO,,
AND CH30H
TO ANODE
FUEL: CH30H AND
Hz0
HEAT AIRTO
CATHODE
EXCESS REACTANTS
BURNER FROM ANODE
BURNER FUEL
FROM EXTERNAL
AIR SUPPLY

Steps 1 and 2 of the Methanol Conversion take place in the fuel processor and in the fuel
cell, respectively. When the fuel flow is reduced or less power is demanded from the fuel
cell, a higher proportion of the methanol is converted in the processor. At higher flow or
higher demand, more methanol (up to 50 percent) is converted in the cell.
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are installed in the anode; the strips sup-
port the copper or palladium catalyst. Thus,
when the methanol contacts the catalyst in
the presence of steam, it produces hydro-
gen in the immediate vicinity of the anode.
Alternatively, the catalyst can be supported
in such a way that it is independent of, and

does not interfere with, the platinum in the
anode. Then the methanol would be con-
verted to hydrogen uniformly over the
anode surface and would be utilized more
efficiently.

This work was done by Gerald E.
Voecks of Caltech for NASA’s Jet Pro-

pulsion Laboratory. For further informa-
tion, Circle 62 on the TSP Request Card.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
NASA Resident Office-JPL [see page
29]. Refer to NPO-15823.

Manipulator for Heating and Cooling in Ultrahigh Vacuum

Temperature of transferred samples

can be varied from 150 to 1,750 K.

Langley Research Center, Hampton, Virginia

In a sample-transfer system for use in
ultrahigh vacuum, the samples are
mounted on a threaded circular holder
that is transferred to the flip mechanism
of the manipulator by simple translation
and rotation. The flip mechanism contains
an electrode assembly and a thermocou-
ple that make direct contact with the sam-
ple. A copper plate and flexible strap are
attached to the receiving block to cool the
sample. These simple modifications allow
a broad range of sample temperatures
(150 to 1,750 K) and direct temperature
measurements, while retaining the ad-
vantage of the additional degree of free-
dom provided by the flip mechanism of a
precise manipulator.

When the sample and sample holder
are attached to the manipulator, the cur-
rent used to heat the sample enters
through the sample-holder heater wires
and exits through the rear electrode
assembly that contacts the back of the
sample (see figure). A carbon-coated
Ta/Re contact on the rear electrode
assembly allows electrical continuity to
carry the 0 to 20 A necessary to heat the
sample and still permit separation of the
sample after the experiment. A spring-
loaded thermocouple assembly (axially
positioned) also makes contact with the
back of the sample to measure its temper-
ature directly. This direct measurement is
very important since the emissivity and
size of the sample cannot always be con-
trolled, and unknown radiation losses
would complicate the determination of
actual sample temperature.

In addition to the axial spring force ex-
erted through the thermocouple on the
back of the sample, the rotation of the
sample and the sample holder into the mod-
ified flip mechanism enhances the inti-
mate contact between the thermocouple
and the sample. Samples that cannot be
tacked directly to the sample holder or are
not conductorsare encased ina 0.05-mm
Ta sheet envelope with holes in front and
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back for the surface analysis and temper-
ature measurement.

The flexible copper strap used for
sample cooling is attached to the flip
mechanism and to a heavy copper feed-
through on the chamber wall. On the out-
side of the chamber, an extension to the
copper feedthrough is immersed in liquid
nitrogen. The lowest equilibrium sample
temperature achieved by this technique
is approximately 150 K. Intermediate
temperatures are obtained by a combin-

ation of heating and cooling.

This work was done by R. A. Outlaw
and Bill T. Baugh of Langley Research
Center. For further information, Circle
104 on the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive Ii-
cense for its commercial development
should be addressed to the Patent Coun-
sel. Langley Research Center [see page
29]. Refer to LAR-13040.
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the thermocouple and the rear electrode.
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Wide-Angle, Wide-Band Camera for Remote Imaging

Resolution and field of
view are enhanced.

NASA's Jet Propulsion Laboratory, Pasadena, California

An improved ultraviolet-to-infrared cam-
era design combines high resolution and a
relatively wide field of view in a remote-
imaging system. Although the design is in-
tended for a satellite-borne system to give
information on such Earth features as
vegetation, pollution, and land formation
mineral deposits, the optical principle may
also be useful in ground-based or airborne
high-resolution television for imaging ob-
jects at great distances.

The camera employs a Schmitdt imager,
which consists of a fused-silica/sapphire
refracting corrector plate, a spherical
primary mirror of 200-mm radius, and a

spherical coupling mirror of 133-mm radius
(see figure). The curved surfaces of the
components share a common axis of sym-
metry, but the components consist of only
small off-axis portions of these surfaces,
and an off-axis entrance aperture is used.
The corrector plate lies off axis near the
center of curvature of the primary mirror.
The spherical coupling mirror is placed at
the primary-mirror focal position.

The off-axis arrangement is necessary
to allow access to the image plane for field
flattening and to prevent changes in vi-
gnetting between different image points.
The spherical coupling mirror helps to flat-

ten the field and reflects the light onto the
first paraboloidal relay mirror. From there,
the light goes to the second paraboloidal
relay mirror, then to the final image plane.

The center of curvature of each parabo-
loid (vertex radius of curvature 750 mm)
lies at the vertex of the other paraboloid,
and both are equidistant from the final im-
age plane. Consequently, the relay system
has unit magnification. The relay system
makes available a region near the image
plane for the insertion of filters and shutters
comparable in size to the system focal
length of 100 mm.

A 12-mm-square charge-coupled device

This Off-Axis Schmidt Imager and Relay System has a 7°-by-7° field of view. The charge-coupled device at the image plane contains
an array of 800 by 800 picture elements, each 15 yum square.
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of 800 by 800 picture elements is placed at
the final image plane. (The current system
has 400 by 400 elements.) The device is
sensitized to ultraviolet and detects light
over the spectral range of 0.215 to

1.10 pm (ultraviolet through visible to in-
frared). The field of view is square, measur-
ing 7° by 7°.

This work was done by Paul D.
Atcheson of the University of Arizona for

NASA’s Jet Propulsion Laboratory. For
further information, Circle 50 on the TSP
Request Card.

NPO-15799

Segmented Detector for Cosmic Gamma Rays

A segmented structure allows gamma rays of cosmic origin
to be distinguished from internal radioactivity.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A proposed germanium gamma-ray
detector is divided into electrically inde-
pendent regions so that cosmic gamma
rays can be distinguished from back-
ground events due to the decay of internal
radioactivity produced from particle bom-
bardment of the detector in the environ-
ment of space. Internal radioactive beta
decay events deposit energy predomi-
nately at‘a single detector location.
Cosmic gamma rays usually interact at
several locations. By separating the
detector into segments and connecting
each segment to a separate counting cir-
cuit, the number of interaction regions
can be determined. Background events
can be rejected by requiring interaction in
two or more segments. On the other
hand, cosmic gamma rays interacting in
several segments will be accepted.

The proposed detector consists of a cyl-
inder 6 centimeters in diameter, divided
electrically into five sections, each 1 centi-
meter thick. Each segment has its own
analog signal chain with pulse discrimi-
nators to monitor the deposition of energy
in that segment (see figure). A high-
resolution energy signal is taken from the
inner electrode, then fed to a charge-
sensitive preamplifier. If the outer electrode
is made by ion implantation of boron, the
topmost segment can be used as a low-

G;x{“;‘ SEGMENT
PREAMPLIFIERS
INTERACTION-
POSITION
INFORMATION
OUTER Loaic
ELECTRODES
INNER
SEGMENT
ELECTRODE DISCRIMINATORS
CHARGE-SENSITIVE
CRYOGENIC AMPLIFIERL—» /A\  ENERGY SIGNAL
PREAMPLIFIER

A Preamplifier and Discriminator Channel connects each electrically independent seg-
ment of a gamma-ray detector to logic circuitry. The logic compares and analyzes the
events in the segments to determine their sources.

energy gamma-ray detector. External logic
circuitry enables additional combinations
of interactions in the segments to be in-
cluded in data analysis to obtain a greatly
improved sensitivity compared with that of
an unsegmented detector of the same vol-
ume. According to Monte Carlo calcula-
tions, the sensitivity of the detector is two to

three times better than that of conventional
detectors because background interac-
tions can be discemed and eliminated.

This work was done by Larry S. Varnell
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 75 on the TSP Request Card.
NPO-16245

Altering Flashlamp Output for Realistic Solar Simulation

Filter in large-area simulator
ensures long-term accuracy.

NASA's Jet Propulsion Laboratory, Pasadena, California

A commercial glass optical filter cor-
rects the spectrum of xenon flashtubes
used to test photovoltaic solar cells. The
fiiter withstands thousands of flashes
without perceptible alteration of its pass-
band characteristics.

The filter is a 2-mm-thick Schott GG-4
(or equivalent) colored glass. Itis used in
conjunction with a modified version of
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the originally-designed intensity slit in a
large-area pulsed solar simulator (see
Figure 1). While the filter reduces the
spectral irradiance of the simulator, the
modified slit restores the available il-
lumination and ensures uniformity of il-
lumination within + 1 percent at the
target plane where the solar cells under
test are located.

The desired spectrum is that of Sun-
light shining through 1.5 standard air
masses. Such light contains less blue
than does the xenon-flashlamp spec-
trum, and, if uncorrected, the flashlamp
spectrum could cause calibration errors
as high as 8 percent in some solar cells.
The filter attenuates blue more than it
does red, the exact filter spectral
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dependence being such as to make the
output spectrum closely resemble the
desired spectrum (see Figure 2). With
the filter, calibration errors are reduced

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Marshall Space Flight Center [see page

/FLASH-LAMPS

ILTER

to less than 1 percent. 29]. Refer to NPO-16167. e |5
This work was done by Robert L. Figure 1. A Solar Simulator provides uni- —_—] —
Mueller and Clay H. Seaman of Caltech  form flashes of light for measuring the INTENSITY
for NASA’s Jet Propulsion Labora-  output and efficiency of solar cells. The suT
tory. For further information, Circle 74 filter corrects the spectrum of the
on the TSP Request Card. flashlamps. |
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Figure 2. The Output Spectrum (The Flashlamp Spectrum After Filtering) approximates the desired spectrum of Sunlight shining through

1.5 standard air masses.

Estimates of Latent Heat in Clouds
Satellite cloud imagery is combined with rawinsonde data.

Marshall Space Flight Center, Alabama

The release of latent heat in the forma-
tion of clouds and precipitation is esti-
mated more accurately with a simple tech-
nique that merges satellite ¢loud imagery
with rawinsonde (tracked-radiosonde)
data on air pressure, temperature,
humidity, windspeed, and wind direction.
The technique was created to improve
the diagnosis of energy states and trans-
formations in extratropical cyclones.

The input data in the new estimating
technique are the latent heat, Qg, calcu-
lated at a specified grid point in the con-
ventional way from rawinsonde data,
and the local cloud fraction, a, obtained
from satellite photographs. The im-
proved estimate, Q, of latent heat at the
grid point is calculated according to the
following algorithm:

* If Qo # 0, then Q5 = aQo.

* If Qo and a are both zero, then Q3 = 0.

¢ |[f Qo = Obut a# 0, then a weighted in-
terpolation is made from the surround-
ing grid points according to
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where d; = the distance to the ith

grid point.

The technique was tested over a
2-day period with standard rawinsonde
data from 99 North American stations
on a grid of 1.25° in latitude by 1.603° in
longitude. The cloud images for the test
were obtained from a Sun-synchronous
polar-orbiting satellite. The technigue
yielded an average 15-percent improve-
ment in latent-heat-release estimates in
regions with abundant conventional
data. A 30-percent improvement was
noted in regions with sparse convention-
al data simulated by ignoring one-third of

the rawinsonde stations.

The primary sources of error are the
inaccuracies in the rawinsonde measure-
ments and any inability to deduce the lo-
cal cloud fraction from the available sat-
ellite photographs. Another obstacle to
the further refinement of the technique is
that the cloud altitude cannot be deter-
mined from the satellite photographs.

This work was done by Phillip J. Smith
of Purdue Research Foundation for Mar-
shall Space Flight Center. No further
documentation is available.

MFS-25977
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Laser-Assisted Analysis of Aerosol Particles
Mass spectrometer would determine the composition

of one particle at a time.

NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed instrument would make
rapid mass-spectrometric analyses of
individual particles in aerosols. Each
particle would be vaporized and ionized
by an intense laser pulse, which creates
ions of minimum complexity. The pulse
would not ionize gases around the par-
ticles. Only the sample species of in-
terest would be ionized, and background
noise would thus be reduced. The instru-
ment should be able to analyze particles
of around 1-um diameter and perhaps
even smaller.

The instrument concept (see figure) in-
cludes a particle-beam generator like that
described in “Continuous Monitoring of
Aerosols,” (NPO-15292), NASA Tech
Briefs, Vol. 7, No. 1 (Fall 1982), page 54.
Ambient air is drawn into the particle-
beam generator, which focuses the aero-
sol particles in the air into a beam while
removing most of the air. The beam
enters the ion-source region where the
arrival of each particle is sensed by a
photomultiplier tube from the light pulse
of a helium/neon laser, scattered by the
particle. The photomultiplier output trig-
gers a pulsed neodymium:yttrium alumi-
num garnet (Nd:YAG) laser, the focused
light of which vaporizes the particle and
ionizes the vapor.

The ions are then mass separated in a
double focusing focal plane mass spec-
trograph [Maltanch-Herzog (or equi-
valent) type]. lons having molecular
weights of 25 to 500 atomic mass units
can be monitored simultaneously along
the focal plane.

An electro-optical ion detector at the
spectrograph focal plane converts the
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Two Lasers function cooperatively in the ion-source portion of the mass spectrometer.
The helium/neon laser, with its continuous beam, aids in detecting the presence of an
aerosol particle. The pulsed Nd:YAG laser vaporizes the detected particle and ionizes its

constituent molecules.

ion currents into electron currents in a
microchannel electron-multiplier array,
then converts the electron currents into
photons where they impinge on a phos-
phor-coated window of optical fibers. The
overall ion-to-photon gain of the detector
is about 1 million. Linear self-scanning
photodiode arrays measure the spatial
distribution and the photon intensity, thus
yielding a spectrum of number of ions as
a function of mass-to-charge ratio. This
spectrum represents the composition of
a given single particle.

After each burst of ions from the ion
source, the detector output is read, and
the detector is prepared for the ion burst
from the next particle. About 20 particles
per second can be analyzed in this fash-
ion. A scanning mass spectrometer can-
not be used to obtain the complete mass
spectrum from a single particle due to the

brevity of the ion-pulse width.

The ability to analyze single aerosol
particles continuously makes the tech-
nique suitable for the detection of toxic
aerosol particles on a real-time basis and
for the identification of their sources. This
ability will also yield more detailed data on
the chemical nature of particle emissions
from coal-burning powerplants.

This work was done by Mahadeva P.
Sinha, Charles E. Giffin, David D. Norris,
and Sheldon K. Friedlander of Caltech for
NASA'’s Jet Propulsion Laboratory. For
further information, Circle 32 on the TSP
Request Card.

Inquires concerning rights for the com-
mercial use of this invention should be
addressed to the Patent Counsel, NASA
Resident Office-JPL [see page 29]. Refer
to NPO-15308.

Ultrahigh-Vacuum Sample-Transfer System

Low-cost system features
short-term sample transfer.

Langley Research Center, Hampton, Virginia

An ultrahigh-vacuum (UHV) sample-
transfer system developed and in use at
Langley Research Center features short-
term (less than 30 minutes) transfer of
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samples from atmospheric pressure into a
sample manipulator within the UHV analy-
sis system without significantly degrading
the system pressure. The system allows the

samples to be transferred to a 5-degree-of-
freedom manipulator at UHV levels of 109
torr.

The conventional procedure for installing
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samples into a UHV analysis system with-
out sample-transfer capability involves
exposing the system to atmospheric pres-
sure during installation with a subsequent
high-temperature bakeout (250° to 450° C)
for 4 to 5 days to achieve or recover pres-
sures of 1070 torr or less. In addition to the
long delay, the repeated bakeouts required
for each new sample cause degradation of
seals, electrical leakage in instrumentation,
and other cumulative, deleterious effects.
Further, high bakeout temperatures limit the
types of experiments that can be conduct-
ed and can alter the sample material. Com-
mercial UHV transfer systems are available

but are very expensive.

This new system is an austere approach
to sample transfer, involving no automation.
The sample is loaded onto a transfer rod lo-
cated within a small ion-pumped chamber
separated from the main UHV chamber by
an isolation valve. After evacuation, the iso-
lation valve is opened, the sample is trans-
ferred to the manipulator in the UHV cham-
ber, and the transfer rod is retracted. The
isolation valve is then closed. The sample
may be heated or cooled while simultane-
ously being analyzed by any diagnostic in-
strument in any position within the UHV
analysis chamber, since the sample is com-

pletely transferred to the manipulator. Thus,
the analysis takes place at the lowest sys-
tem pressure. The sample-transfer cham-
ber can also be baked out at temperatures
up to 450° C, permitting pretreatment of the
sample under UHV conditions before inser-
tion into the analysis chamber. The total
cost of the system in use is a factor of 10
less than that of commercially available
instruments.

This work was done by R. A. Outlaw and
Bill T. Baugh of Langley Research Center.
For further information, Circle 108 on the
TSP Request Card.

LAR-12993

Battery-Charge-State Model

Equations approximate the effects

of electrochemical processes.

NASA's Jet Propulsion Laboratory, Pasadena, California

A charge-state model for lead/acid bat-
teries has been proposed as part of an ef-
fort to make the equivalent of a fuel gage
for battery-powered vehicles. The model is
based on equations that approximate the
observable characteristics of battery elec-
trochemistry. In contrast with earlier, non-
linear models, this one uses linear equa-
tions, is easier to simulate on a computer,
and gives smooth transitions between
charge, discharge, and recuperation.

The diffusion phenomena near an elec-
trode are visualized in the model with the
help of a fluidic analogy (see Figure 1).
The large tank at the left represents the
bulk or reserve storage capacity of the
cell, and the fluid height og corresponds to
the electrolyte ion density relative to its
value at full charge. The width of the tank,
Vg, represents the volume of the elec-
trolyte in bulk storage.

The right tank represents the condi-
tions in the immediate vicinity of an elec-
trode, with the height representing the rel-
ative electrolyte ion density immediately
available for reaction and Vp representing
the volume of electrolyte immediately
available in the region of the active sur-
face. The analog fluid current ip cor-
responds to the ion-diffusion current,
which is proportional to the difference in
ion densities between the bulk and stor-
age zones; namely,

Q,

io=,3(09—op)
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where Q, = the total charge capacity of
the battery, and rp = a characteristic dif-
fusion time constant.

The drain at the right represents the
flow of current, i, to the load. The restric-
tor Q, /1) limits the current to a value pro-
portional to the ion density near the elec-
trode; that is

i°<%—°QP

where 1, = another characteristic time
constant related to the maximum possible
discharge rate.

Suppose that Q, represents the total
charge-storage capacity of the battery,
Qpy, = KQ, represents the electrode-
region storage capacity, and Qg, =
(1 —Ko)Q, represents the capacity of the
bulk storage zone. Then starting from full
charge, the electrolyte concentration in
bulk storage after a discharge time T is
given by

g 1 T
®=1-aak

Similarly, the electrolyte concentration in
the electrode zone is determined by tak-

Vg Vp
IS —A -~ o TR e
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Figure 1. This Fluidic Visualization Model is used as an aid in deriving the diffusion equa-
tions that characterize the electrochemical activity near an electrode.
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ing into account the charge added by dif-
fusion minus the charge delivered to the
load:

e =1

- Kc1oo LT(iD — i)t

Together, the four equations constitute
the model. Figure 2 illustrates the func-
tional blocks of a microprocessor that
would implement the model in a charge-
state gage. The model coefficients Q,, Tp,
7, and K, are derived battery test data.
Although simple iterative methods are re-
quired to do this, the coefficient values
are bounded, and good matches to stand-
ard test data of capacity versus discharge
current and recuperation characteristics
can be obtained with only two or three
iterations of trial coefficients. It is ex-
pected that if these two criteria are satis-
fied, the model charge and discharge
characteristics at constant and variable
rates will correlate well with those of any
real battery of the same type and capacity.
Compensation for individual manufac-
turing. variations, temperature charac-
teristics, and aging effects of production
batteries can also be accommodated by
adjusting the coefficients as functions of
history and service conditions.

To complete the characterization of a
battery, a terminal-voltage model has
been proposed. This model incorporates
resistances obtained from voltage-
versus-current testing along with the rel-
ative electrode charge, gp, determined

DISPLAY @

Figure 2. A Microprocessor Continuously Monitors the Battery Discharge Current. The
current value serves as the input to circuits that perform the four-equation charge-state
algorithm. The available outputs are signals that are proportional to the electrode charge

ep and to the reserve charge ep.

from the charge-state model.

This work was done by Howard C.
Vivian of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further infor-

mation, Circle 96 on the TSP Request
Card.
NPO-16158

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.

Environmental
Degradation of

Solar Reflectors
Corrosion, dust buildup,
and other contamination
are evaluated.

A report presents results of a study of
atmospheric degradation of large solar
reflectors for power generators. Three
general types of reflective surfaces were
investigated: second-surface-silvered
glass mirrors, first-surface-aluminized
reflectors, and second-surface-metal-
lized polymeric surfaces. The report also
describes a computer model of natural
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buildup and removal (by rain and dew) of
contamination from reflectors. The data
from the study can be used to determine
the effects of soil buildup and the best
method and frequency of washing at
various geographic locations.

Over a dozen glass, metal, and poly-
mer reflective surfaces were exposed to
the environment in southern California.
Data were taken at three sites: two at
Pasadena and one at Goldstone, near
Barstow. In additon, a model of dust
buildup and removal was based on worst-
case data for six nationwide sites.

The report presents plots of the change
in specular reflectance at the California
sites. Interestingly, a dip in the plot cor-
responds to an oil-refinery fire in the Los
Angeles area: Contamination reduced re-
flectance by 59 percent. Standard mirror-
backing paint eliminated visible corro-
sion, at least during the 1-year period of
the study. Unpainted samples, in contrast,

showed corrosion within a week after
they were set up.

The equation used to model the deg-
radation in specular reflectance is dis-
cussed. Representative values of coef-
ficients. for fitting the equation to
experimental data are given for various
reflector materials and various locations.

An example illustrates an application
of the model in estimating the effects of
the mirror-replacement interval and
slope error on energy costs. The costs
per kilowatt-hour of second-surface-
silvered glass-mirror reflectors are plot-
ted for different replacement intervals
with a 30-day cleaning interval.

This work was done by Frank L.
Bougquet of Caltech for NASA’s Jet Pro-
pulsion Laboratory. 7o obtain a copy of
the report, “Environmental Responses of
Solar Reflective Surfaces,” Circle 72 on
the TSP Request Card.

NPO-16053
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rion MIL-STD-785. Contact BEI
for more details.

BEI Motion Systems Co.

£

Digital Products Division

(501) 851-4000
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Materials

High-Purity Silicon Seeds for Silane Pyrolysis

Seeds are ground from coarse particles
without introducing impurities.

NASA's Jet Propulsion Laboratory, Pasadena, California
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Seed particles for fluidized-bed produc-
tion of silicon can be made by a new
contamination-free, economical method.
Until now, fluidized-bed seeds have been
made by grinding semiconductor-grade
silicon in a ball or hammer mill and
leaching the product with acid, hydrogen
peroxide, and water. This process is time-
consuming and costly and tends to intro-
duce impurities through the metal
grinders.

In the new method, large particles of
semiconductor-grade silicon are fired at
each other by high-speed streams of gas
and thereby break up into particles of
suitable size for a fluidized bed. No foreign
materials are introduced, and leaching is
unnecessary. The method can be used to
feed a fluidized-bed reactor for contin-
uous production of high-purity silicon.

Large particles are fed into a jet mill by
opposing streams of nitrogen (see figure).
The streams impinge on each other, and
the particles break up into small ones,
which are fed to a fluidized bed. Silane

flowing through the bed decomposes, de-
positing silicon on the seed particles in the
bed. As silicon deposits on the seeds, they
grow in size and can be easily removed
from the bottom of the fluidized bed. This
product is collected for conversion to
single-crystal ingots for solar cells. A por-
tion of the product, however, is directed
into the jet mill. A continuous supply of
silicon seeds is thus provided.

In a demonstration of the method, par-
ticles ranging in size up to 2,000 um were
fed into a subsonic-jet mill. In a single
pass, 15 to 30 percent of the particles
were broken into fragments about 400 um
or less in size. The efficiency of fragmen-
tation can be increased by raising the im-
pact velocities and adjusting the impact
area, feed rate, and initial particle size.

This work was done by George C. Hsu,
Naresh K. Rohatgi, and Andrew Morrison
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 85 on the TSP Request Card.
NPO-16287
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In this Continuous Process for the production of high-purity silicon, the supply of silicon
seeds in the fluidized bed is constantly replenished. A small portion of the product is
withdrawn and reground for seeds by a jet mill.
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Thermosetting Phthalocyanine Polymers

Some formulations resist
thermal degradation up to 500° C.

Ames Research Center, Moffett Field, California

A group of phthalocyanine polymers
resist thermal degradation. Based on
earlier work with similar materials, the
polymers are expected to be semicon-
ducting, with conductivities of the order
of 102 (ohm-cm)™. Their principal ap-
plications will probably be in molded or
laminated parts that have to withstand
high temperatures.

The polymers are made from either of
two classes of monomer (see figure).
One class consists of bisphthalonitriles
with imide linkages. The synthesis of
such a monomer occurs in two steps,
beginning with the reaction of a
4-aminophthalonitrile derivative with
dianhydride to form a bisphthalonitrile
derivative with amic acid linkage. In the
second step, the amic acid linkage is
thermally dehydrocyclized to the imide
form.

The other monomer class consists of
bisphthalonitriles with ester-imide
linkages. The starting ingredients in this
case are trimellitic anhydride acid
chloride and an aromatic or aliphatic
diol. These are reacted in the presence
of pyridine (which removes HCI) to form
a bisphthalic anhydride with an ester
linkage. The anhydride is reacted with
4-aminophthalonitrile to obtain a
bisphthalonitrile with ester and amic
acid linkages. Upon dehydrocyclization
of the amic acid linkages to imides, the
desired monomer is obtained.

The monomer (which is a solid) is
prepared for polymerization by grinding
it to a powder and mixing it with a
powdered metal or metal salt —
preferably cuprous chloride. The mix-
ture is heated in flowing nitrogen to a
temperature ranging approximately

from 245° to 420° C during a time rang-
ing from about 15 minutes to 1%z hours,
the exact values depending on the
monomeric constituents. The color of
the resulting polymer varies from deep
blue to bluish black to blue with pinkish
reflection, while the decomposition
temperature lies in the range of 350° to
500° C (again, depending on the consti-
tuents).

This work was done by G. M. Fohlen
and J. A. Parker of Ames Research
Center and B. N. Achar of the National
Research Council. For further informa-
tion, Circle 100 on the TSP Request
Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,

Ames Research [see page 29 Refer to
ARC-11511.
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Your ability to put ideas into
practice—take technology to the
marketplace—is the single most
critical factor in your success.

Emerson & Cuming'’s Multi-
Tech System capabilities are
based on five technologies,
each individually unique but
capable of working together for
cost-effective solutions to your
materials problems.

We manufacture a com-
prehensive range of standard and
custom polymer systems, such
as resin/syntactics for aerospace
applications, and hybrid silicones
for high frequency electronics.
Our conductives technology in-
cludes cost-effective ‘Quick-fix”
products for EMI/RFI shielding
in production and field repair.
We also maintain a Value in Use
Program—matching product per-
formance with cost factors.

Our RAM-Scan (Radar Ab-
sorbing Materials' Scan) provides
microwave application analysis
that can eliminate prototyping or
further experimentation. Our
finite element analysis program
measures materials/properties
for finished parts applications.
We also maintain materials appli-
cations software for polymers

and conductives problem solving.

QOur client assistance ser-
vices include our MDT team
(Multi-Discipline Task Force) of
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chemical, electrical and mechan-
ical engineers. Assigned specific-
ally to you, the MDT team
works with your engineers to
provide tactical and strategic
design research, and systems
development.

Production-quality prototyp-
ing is possible-with composite
systems, which include ERM®
(Elastic Reservoir Molding). ERM
allows for a wide variety of
materials and structural com-
ponents to meet design criteria—
all in one step. Finished parts
production is possible with ERM
prototype tooling.

Testing capabilities extend
through the design process, and
include our Applications
Laboratories for each discrete
technology.

Compounded

polymers and resins.
Our Polymer Systems incor-
porate materials with proper-
ties critical to contemporary
design. These include epoxies,

* and developing communications

silicones, urethanes, and
polyesters with technical features
that provide you with more than
1,600 standard solutions and
infinite applications.

Electromagnetic
wave absorbers.

Our Microwave Systems repre-
sent the leading edge in this
growing industry. We manufacture
materials in many forms, for re-
ducing radar cross section (RCS),
improving antenna performance,

systems. We also have the experi-
ence to design and manufacture
the world’s most sophisticated
anechoic chambers.

Lightweight syntactic
materials.

Our Lightweight Systems are
comprised of hollow, synthetic
bubbles that combine with

Stycast

Batch No. 1E009*
helf Life: Onil
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These materials
offer superior strength; they
withstand high compressive
pressures; and they're usable in
applications from hydrospace to
aerospace. New developements
in syntactic technology provide
ready-to-use materials for
avionics, telecommunications,
and aerospace.

Conductive
shielding applications.

We manufacture a range of
shielding materials for EMI/RFI,
ESD, EGP and EMP. Our product
line includes
adhesives,
coatings, seal-
ants, gaskets,
tapes and
materials such
as conformable

~ foams and heatless solders.
We also provide you with a com-
prehensive line of “quick fix"
products for production and field
repair.

= diecive

process. ERM
you with finished parts
greater versatility, and cost

efficient tooling and production.

ERM allows for many design-
engineered features—such as
ballistic resistance, microwave

absorption, low smoke and toxic

gas emission—all in one step.

Your possibilities with
Emerson & Cuming
are virtually limitless.
From conceptual
research and
development, to
finished parts
production, you
have the
resources

to succeed.
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Increasing Fire Safety of Epoxies

Fire-retardant moieties are

incorporated into the molecules.

Ames Research Center, Moffett Field, California

An epoxy with increased resistance to
fire is made by reacting any of three
commercial epoxide monomers with a
curing agent consisting of a mixture of
the isomers 1{di(2-chloroethoxyphos-
phonyl)methyl}2,4- and -2,6-diaminoben-
zene (the mixture is called “DCEPD"). The
curing agent incorporates phosphorus
and chlorine directly into the cross-
linking part of the polymer: Previously,
the fire retardance of some epoxies had
been improved by introducing various
organophosphorous and phosphorous/
halogen compounds as chemically sep-
arate additives that degraded mechani-
cal properties.

The DCEPD (see figure) is produced
by nitrating the precursor phosphonyl-
methyl benzene, then reducing the
resulting isomeric mixture of dinitro
compounds. As a conseguence of the
method of synthesis, the 2,4 isomer
predominates. It is not necessary to
separate the isomers.

The amino groups of the DCEPD are
polymerizable with epoxide or anhydride
groups. The DCEPD therefore cures
epoxide monomers. Polymer samples
were made from each of the commer-
cial epoxide monomers, using 0.25 or
0.50 mole of DCEPD per equivalent
weight of epoxide. Samples were also
prepared using the conventional curing
agents 4, 4-diaminodiphenyl sulfone
(DDS) and m-phenylenediamine (MPD).

The polymers were compared by dif-
ferential scanning calorimetry and ther-

mogravimetric analysis. Additional com-
parisons of heat and fire resistance
were provided by the char-yield and
limiting-oxygen-index (LOI) tests. Al-
though thermal decomposition generally
begins at lower temperatures in the
epoxies cured with DCEPD, these epox-
ies have greater char yields and greater
fire resistance as measured by the LOI.
Of the three commercial monomers
(Epcn 828, XD 7342, and MY 720), the
last shows the greatest improvement
with 0.25 mole equivalent of curing

agent: The LOI is 59.3 for DCEPD versus
30.8 for MPD and 29.0 for DDS.

This work was done by Demetrius A.
Kourtides of Ames Research Center
and John A. Mikroyannidis of the Univer-
sity of Patras, Greece. For further infor-
mation, Circle 98 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 29].
Refer to ARC-11506.

(CICH,CHy—0—), I:—CH,—@—NHz

These Isomers are formed together during the synthesis described in the text. The mix-
" ture of these isomers is the curing agent that adds phosphorus and chlorine to epoxies to

improve fire resistance.

Ceramic Coatings for Engine Parts
Plasma spraying would create hard,

heat-resistant surfaces.

NASA's Jet Propulsion Laboratory, Pasadena, California

In a manufacturing concept, dense,
nonporous ceramic coatings would be
applied to metal parts by plasma spraying.
The coatings should improve the resist-
ance of the parts to corrosion and erosion
in turbines and other engines. Plasma
spraying is faster and cheaper than the
previously used method, vapor deposition,

94

and can be used on large parts as well as
small ones.

Ceramic precursor particles are fed
through an electric-arc plasma gun, where
they decompose violently into organic gas
and a ceramic powder composed of high-
surface-area particles. The precursor is a
dehydrated metallo-organic compound,

preferably in dehydrated gel form. The
precursor decomposes only milliseconds
before the molten ceramic particles strike
the surface to be coated. The particles im-
pinge with high surface energy, forming an
adherent, uniform layer.

Available precursors include aluminum
isoproproxide, aluminum hexafluoroisopro-
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proxide, zirconium hexafluoroisoproprox-
ide, and zirconium tertiary amyloxide. Upon
decomposition during plasma spraying,
these materials produce aluminum oxide,
or zirconium oxide. Coatings of several
ceramics not usually plasma-sprayed (for
example, titanium diboride, an extremely
hard and chloride-resistant material) may
also be applied in this process.

The coating density is determined by
the decomposition temperature, plasma
atmosphere, precursor particle size, dis-
tance from the plasma gun to the sub-
strate, deposition rate, and substrate tem-
perature. Small grain size, which reduces
the porosity of the coating, is ensured by
including grain-growth inhibitors in the
precursor. Inhibitors include magnesium
oxide, zinc oxide, zirconium oxide, and
calcium oxide.

Precurosrs are produced by convention-
al chemical methods. Grain-growth inhibi-
tors are mixed with them, and they are
dehydrated at a temperature of 100° to
200° C. Dehydrated precursors contain
organic materials as well as metallo-organ-
ic compounds, but are hard and friable.
They can be crushed into virtually any
particle-size distribution.

This work was done by James E.
Schroeder of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 15 on the TSP Request Card.
NPO-16228

Circle Reader Action No. 5

High-Performance Filleting and Channel Sealants
Compounded fluoroether elastomers are stable to 280° C.

Ames Research Center, Moffett Field, California

Filleting and channel sealants have
been developed for sealing cavities in the
wings and fuselage of aircraft. The filleting
sealants are extruded or applied by spatu-
la over seams, into corners of joints, over
fasteners, and around such other tank in-
trusions as hydraulic lines and electrical
conduits. The channel sealants are espe-
cially useful for occluding gaps. Both seal-
ants function well at 177°C, as requiredin
current specifications for supersonic air-
craft. Lap and tensile strengths of the
filleting sealants exceed the military spec-
ifications for this application.

The sealants have excellent resist-
ance to fuel and other solvents. They
stay flexible, are resistant to vibrational,
thermal, and mechanical stresses, and
adhere well to aluminum. The filleting
sealants also adhere well to titanium.
They should prove useful in industrial ap-
plications requiring resistance to sol-
vents at high temperatures.

NASA Tech Briefs, Spring 1985

Filleting Sealant
Ingredient | Amount
Polymer 1.00
Asbestos | 0.05

Black 0.80
o |

Preferred Sealant Formulations are given
in parts by weight.

The general type of polymer binder
used had already been suggested for use
in seals, sealants, and gaskets. However,
the new composite sealants perform bet-
ter than such a polymer alone.

The ingredients of two formulations are
shown in the table. The polymer is a tria-
zine ring-cross-linked 1,2,4-oxadiazole
elastomer. The asbestos reinforces and

thickens to the required consistency. The
carbon black provides reinforcement,
the epoxy silane promotes adhesion, and
the lithium aluminum silicate reduces the
thermal-expansion coefficient to extend
the range of operating temperatures.

Asealant is prepared by mixing or mill-
ing the ingredients together after the
polymer has partly or completely cured.
Depending on the application, other rein-
forcing agents, adhesion promoters,
metal deactivators, colorants, pigments,
thermal-expansion stabilizers, and the
like may be added.

Optimum polymer properties for fillet-
ing sealants are obtained when the ratio
of the number of 1,2 4-oxadiazole link-
ages to that of triazine linkages is about
0.75:1. For channel sealants, the pre-
ferred ratio is 2:1. The placement of these
linkages relative to one another on a
gross molecular basis is random.

The tensile strength and elongation of
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the filleting sealants indicate a lightly-
cross-linked system with a glass-transi-
tion temperature of — 30° C. The compres-
sion set of these formulations is similar to
that of commercially-available neoprene-
and nitrile-based materials, but is not as
good as that of other fluoroelastomers.
The adhesive strength of the new
sealants did not deteriorate in high-
temperature-fuel aging tests. Long-term
testing of filleting sealants at 288° C
showed no corrosive effect on titanium.

Thermogravimetric tests show that the
onset of thermal degradation occurs at
280° C for the filleting sealants and at
270° C for the channel sealants. In con-
trast, older filleting sealants are usable
only to 71° C.

Because of the carcinogenic property
of asbestos, aramid and processed min-
eral fibers were also tested as substitutes.
Neither performed as well as asbestos,
due to failure to mill into the polymer ade-
quately or failure to yield a strong or

uniform product.

This work was done by Robert W.
Rosser of Ames Research Center and
Danute I. Basiulis and Darrell P. Salisbury
of Hughes Aircraft Co. For further infor-
mation, Circle 95 on the TSP Request
Card.

Inquires concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Ames Re-
search Center [see page 29]. Refer to
ARC-11408 and 11409.

Purifying Aluminum by Vacuum Distillation
Low-grade metal may yield high-purity

metal in a one-step operation.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A proposed method for purifying
aluminum would employ one-step
vacuum distillation. The raw material for
the process is the impure aluminum
(typically containing much silicon and
titanium) that is produced in the elec-
trolysis of aluminum ore. This impure
metal would be melted in a vacuum.
Since aluminum has a much higher
vapor pressure than the other constit-
uents, it should boil off and condense on
nearby cold surfaces in proportions
much greater than those of the other
constituents.

In one version of the process, the
molten metal would be discharged as
droplets of precise size into a long
evacuated tube and fall under gravity. In

the vacuum, aluminum would evaporate
from the droplets as they fall and con-
dense on the wall of the tube. For a
100-foot (30.5-meter) tube, the drop time
would be 2.5 seconds — enough time
for evaporation of a large fraction of the
aluminum if the droplet size is carefully
controlled.

The droplet size should be chosen to
give efficient evaporation so that the
metal need not be recirculated ex-
cessively. The required droplet size will
be determined by such factors as the
melt composition, the desired product
composition, and the ratio of sensible
heat to latent heat of the melt. The size
can be controlled by setting the orifice
diameter and the pressure on the melt.

According to predictions based on
vapor-pressure data, the new method
will yield commercially pure aluminum
from an Si/Al alloy containing 15 percent
aluminum in one pass. It should produce
a grade seldom achieved in the labora-
tory — much purer than conductor-
grade aluminum — from structural or
casting alloys composed of 95 percent
aluminum.

This work was done by Eugene R.
du Fresne of Caltech for NASA’s Jet
Propulsion Laboratory. For further in-
formation, Circle 12 on the TSP Request
Card.

NPO-16114

Foam Insulation for Cryogenic Flowlines

Weight is less, and assembly is less
critical than with vacuum jacketing.

Lyndon B. Johnson Space Center, Houston, Texas

Welded stainles-steel vacuum jackets
on cryogenic ducts can be replaced by
plastic foam-insulation jackets that weigh
12 percent less. The foam insulation, which
is 11/2 inches (3.8 centimeters) thick, has
85 percent of the insulating ability of
stainless-steel jacketing enclosing a vac-
uum of 10 microns of mercury (0.13 N/m?2).
The foam insulation is easier to install than
the vacuum jacket. Moreover, the foam is
less sensitive to damage and requires
minimal maintenance. It resists vibration
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and is expected to have a service life of at
least 10 years.

The new jackets are made in segments
by pouring a two-part foaming polyure-
thane compound into cylindrical moids.
The cured segments are prefitted on their
respective ducts to ensure proper in-
stallation. The segments are removed, and
a singleply laminate of Kevlar (or equiv-
alent) fabric and polyurethane elastomer is
applied to the interior surface of each to
prevent cracking during heating and

cooling cycles. A solution applied to the
laminate provides flame resistance.

The preformed segments are assem-
bled on the duct and joined by a polyure-
thane elastomer (see figure). A protective
outer cover is then formed directly on the
outside surface of the foam segments by
applying a laminate of glass-fiber cloth and
a mixture of epoxy and polyamide resins.
When the laminate hardens, it protects the
foam and increases the strength of the
joints between segments. The laminate

NASA Tech Briefs, Spring 1985



FABRIC

GLASS CLOTH/
EPOXY/
POLYAMIDE

ELASTOMER

BOOT

ALUMINUM-FOIL
TAPE

INSULATION

GAP

A Segment of the Duct and Insulation.
shown here in cross section, has layers of
material that protect, hold and bond the
foam.

may have from one to three plies, depend-
ing on the severity of the expected service
environment.

Boots made from a laminate of Keviar
(or equivalent) knit material and polyure-
thane elastomer are bonded to the protec-
tive cover with the same polyurethane
elastomer. The boots allow venting of the
space between the duct and the insulation
but prevent liquids from entering.

To provide a measure of insulation for
the flexible sections of the duct, they are
covered with a flexible thermal barrier, pre-
fabricated from a laminate of silicone and

#1 in wire insulation

for aerospace.

DuPont KAPTON polyimide film.

A high-performance wire

and cable insulation rated

for 200°C continuously

and up to 400°C for short

periods. Won't melt, drip or
propagate flame. Practically

no smoke B

Circle Reader Action No. 22

glass fibers. The flexible insulation is
bonded to the flexible duct with an adhe-
sive and tied in place with glass-fiber cords.

Finally, all exposed surfaces of the outer
protective cover and the boots are covered
with a layer of aluminum-foil tape. The tape
reduces the emissivity of the surface,
thereby enhancing the effectiveness of the

insulation. The tape also serves as a flame
barrier.

This work was done by Theodore R.
Sonju, Robert L. Carbone, and Robert E.
Oves of Federal-Mogul Corp. for Johnson
Space Center.For further information,
Circle 70 on the TSP Request Card.
MSC-20552

Shielding Against Intense Laser Beams

Ablative layers of reflecting and

absorbing materials are used.

NASA'S Jet Propulsion Laboratory, Pasadena, California

Multiple-layer shielding has been pro-
posed to protect equipment against dam-
age by intense infrared laser beams. The
objective is to develop a material able to
withstand one or more exposures to
radiation of 2 to 10 um wavelength at an
energy density up to 100 kJ/icm?, In con-
trast, insulation and shielding now used
on spacecraft withstand only 1 kJlem?.

The shielding now used usually con-
sists of a monolithic refractory material
with a reflective outer coating. Initially,

NASA Tech Briefs, Spring 1985

the surface reflects 90 to 98 percent of
the incident radiation. Once the tempera-
ture rises to the melting point of the
reflective material, however, the reflec-
tance is destroyed, and the subsequent
incident radiation is mostly absorbed. The
refractory material then melts, vaporizes,
sublimes, or possibly even explodes as a
result of continued heating.

The new shielding concept reduces
the effect of the destructive phase
changes upon the reflectance by allow-

ing the exposure of additional reflecting
layers after the overlaying layers have
been vaporized. In one configuration, the
shield might be constructed of small ab-
sorbent particles coated with reflective
material. In another configuration, the
shield would be made of bricks or tiles of
absorbent phase-change material encap-
sulated in thermally conductive shells
and coated with reflective surfaces (see
figure).

The absorbing material inside a tile
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should have a vaporization temperature
slightly below the melting point of the
reflector. This way, the absorbing layer
would vaporize at the same time the
reflectance of the outer layer is lost,
thereby exposing a new reflecting layer to
retard the absorption of energy.

Candidate absorbing materials include
alkali-metal halides, flourides, and beryl-
lium metal. High-melting-temperature re-
factories such as boron carbide, boron
nitride and beryllium carbide and high-
melting-temperature metals such as
boron and graphite could also be used,
but these materials would vaporize after
the reflective layer was destroyed. Suit-
able reflecting materials include copper,
gold, nickel, silver, and platinum, all of
which exhibit high reflectivities in the
infrared. Since a very thin reflective
coating is adequate, the noble metals can
be used in small. enough quantities to
keep costs within bounds.

The vaporization products of the tiles
may form energy-absorbing plasmas.
The diatomic alkali-halide vapors could
be superior infrared absorbers. The plas-
ma in front of a shield could deflect or dif-

INCIDENT LASER
BEAM

ABSORBING

REFLECTED LASER
BEAM

REFLECTING CONDUCTIVE

A Laser-Beam Shield might consist of alternating layers of absorbing and reflecting
material. When an absorbing layer and its reflective coating are vaporized, a new reflect-

ing layer would be exposed.

fuse the incident laser energy. An elec-
tromagnetic field might be used to control
the shape of the plasma.

This work was done by James E.
Schroeder of Caltech for NASA’s Jet

Propulsion Laboratory. For further infor-
mation, Circle 21 on the TSP Request
Card.

NPO-16166

Silicone Coating on Polyimide Sheet

A protective layer is applied
by ordinary methods.

Goddard Space Flight Center, Greenbelt, Maryland

Silicone coatings can be applied to
polyimide sheeting for a variety of space-
related applications. The coatings are in-
tended to protect the flexible substrates
of solar-cell blankets from degradation
by oxygen atoms, electrons, plasmas,
and ultraviolet light in low Earth orbit and
outer space. Since the coatings are flexi-
ble, they should be generally useful in
forming flexible laminates or protective
layers on polyimide-sheet products.

In the solar-blanket application, areas
not covered by cells or interconnections
can be covered with silicone. The thick-
ness of the coating is not critical; typical
values range from 2 to 10 mils (0.05 to

0.25 mm). The silicone can be brushed
or sprayed on. To increase spreadability,
decrease the coating thickness, or both,
organic solvents can be added. A primer
might be used to promote adhesion be-
tween the silicone and the polyimide.
Suitable commercial silicones include
the two-part (resin and curing agent)
RTV-615 (or equivalent) or the single-
component resin C6-1104 (or equivalent).
Both are curable at room temperature,
but can be heated to speed the reaction.
Both protect the optical emissivity and
absorptivity of a polyimide-supported
solar array so that these characteristics
change by less than 0.01 percent, even

when the array is subjected to a high
concentration of oxygen atoms in a
space atmosphere.

This work was done by John J. Park of
Goddard Space Flight Center. For fur-
ther information, Circle 1 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, Goddard Space Flight
Center [see page29]. Refer to
GSC-12913.

Melt Stirring by Horizontal Crucible Vibration

Mixing is more thorough than in rotational oscillation.

Marshall Space Flight Center, Alabama

Horizontal vibration has been suggest-
ed as a technique for the more effective
stirring of melts in crystal-growth appa-
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ratus. The vibrational technique may
replace accelerated crucible rotation, the
current technique for magnetic garnet

and other special crystals.
It is necessary to stir the crucible con-
tents because uniformity of temperature
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Figure 2. The Effectiveness of Mixing In-
dia ink into a container of water is
measured in terms of the darkening of the
water. The vibrationally stirred mixture
reaches a given degree of opacity sooner
than does the rotationally stirred mixture.

and composition is essential to the growth
of a uniform, well-faceted crystal. The
accelerated-crystal-rotation technique (in

Power tower
of Kapton

Lightweight KAPTON helps make

solar array experiment possible

DuPont KAPTON polyimide film
insulated the individual cells of
the ten-story solar array deployed by
the space shuttle “Discovery.”

Why was KAPTON the engineering
matenal of choice? It's lightweight,
flexible, bondable, transparent,
and it retains its structural
strength in temperatures
from —269°to 240°C. |

Explore the down-to-earth
advantages of KAPTON, made
only by DuPont. For free sample and
literature, write Du Pont Co., KAPTON,
Room X 40804, Wilmlngton DE 19898.

Circle Reader Action No. 21

which the crucible is rotationally oscil-
lated about its vertical axis) was devel-
oped to enable stirring without a stirring
rod, which could react with the melt. In
this method, the rotation motor is turned
on and off or reversed with an oscillation
period ranging from 10 seconds to
several minutes.

In the vibrational method, the crucible
is oscillated horizontally in two perpen-
dicular directions at once. If the oscilla-
tions in both directions are at different
but harmonically related frequencies, the
crucible motion and the melt vibration are
in a Lissajous pattern (see Figure 1).

Typical horizontal-vibration frequen-
cies lie in the vicinity of 10 Hz. Since the
period is much shorter than in the rota-
tional method, there is less time be-

tween cycles for thermal or composi-
tional inhomogeneities to develop in the
melt and cause banding in the growing
crystal. The potential superiority of the
vibrational technique has been shown
by preliminary experiments in which ink
was stirred into water (see Figure 2).

This work was done by Martin F. Wolf,
Dennis Elwell, and Robert S. Feigelson
of Stanford University for Marshall
Space Flight Center. For further infor-
mation, Circle 39 on the TSP Request
Card.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Marshall Space Flight Center [see page
29]. Refer to MFS-26005.

Nonyellowing Polycarbonate for Outdoor Use

An antiyellowing stabilizer is generated
from the polymer and bound to it.

NASA's Jet Propulsion Laboratory, Pasadena, California

A two-step photochemical process
prevents the yellowing of polycarbonate
plastics. The use of polycarbonate plastics
is growing in windows, aircraft glazing, and

NASA Tech Briefs, Spring 1985

streetlight globes. However, outdoor ex-
posure of originally-clear polycarbonate
panels leads to undesirable yellowing, often
within a few days. Although ultraviolet

stabilizers can be included in the polycar-
bonate formulation to retard yellowing, they
are leached out of the plastic under condi-
tions of high temperature, humidity, and
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solar radiation. As a result, even highly
stabilized polycarbonates turn yellow after
a few weeks or months of weathering.
The new photochemical process
causes the formation of stabilizers that
become bound to the polymer chains and
therefore cannot be leached out. First, a
commercial polycarbonate resin is dis-
solved in deoxygenated methylene chloride
and maintained in a nitrogen atmosphere
to exclude oxygen. The solution is placed in
a quartz tube and irradiated by a low-
pressure mercury-arc lamp with light at a
wavelength of 253.7 nanometers. Irradia-
tion is continued until 3 to 5 mole percent
of the polycarbonate groups is converted
to phenyl salicylate, as monitored by the

absorbance by the solution of light at 320
nanometers.

Next, the solution is exposed to light at
313 nanometers from a filtered, medium-
pressure mercury-arc lamp. The phenyl
salicylate groups, but not the carbonate,
absorb this radiation and are thereby con-
verted to 2,2/ dihydroxybenzophenone
groups that are bound to the polymer
chains. These groups act as ultraviolet
stabilizers. The reaction is monitored by
measuring the absorbance at 355 nano-
meters until it is evident that all the phenyl
salicylate has reacted.

The polymer is then recovered by evap-
oration of the solvent or by precipitation.
The solid polymer is dried and processed in

the usual manner for glazing or other out-
door materials. In a series of outdoor tests,
many treated and untreated samples were
examined for yellowing. Only the ultraviolet-
treated samples remained clear.

This work was done by Amitava Gupta,
Ranty H. Liang, Andre Yavrouian, and Ann
Clayton of Caltech for NASA’s Jet Propul-
sion Laboratory. For further-information,
Circle 7 on the TSP Request Card.

Inquires concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA Resi-
dent Office-JPL [see page 29]. Refer to
NPO-15836

Reversing Glass Wettability

A silicone treatment makes
the surface hydrophobic.

Marshall Space Flight Center, Alabama

Atreatment reverses the wettability of
glassware: With the treatment, liquids
that normally wet glass no longer do,
and those that do not wet glass are
made to do so. The treatment is useful in
research on container effects in the
nucleation and growth of a secondary
phase from solution.

The treatment consists of spreading a
3 percent (by weight) solution of silicone
oil in hexane isomers over the glass, dry-
ing it in air, and curing it at 300° C in a
vacuum for 1 hour. The silicone oil should
have a viscosity of 500 to 1,000 centi-
stokes. The vacuum cure prevents en-
trapment of hydrocarbons in the silicone
film that forms on the surface: Such en-
trapped material could otherwise form
sites for ruptures in the film.

The reversal of the wetting nature of
glass thus treated is demonstrated by
succinonitrile/water solutions in cylindri-
cal tubes (see figure). A water-rich solu-
tion wets the untreated glass, while a suc-
cinonitrile-rich solution wets the treated
glass.

This work was done by Donald O.
Frazier, James E. Smith, Jr., and William
F. Kaukler of Marshall Space Flight
Center. For further information, Cir-
cle 38 on the TSP Request Card.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Marshall Space Flight Center [see page
29]. Refer to MFS-26006.
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The Untreated Graduated Cylinder (left) is wet by the upper layer of a water-rich solution,
as the meniscus indicates. The treated test tube (right) is wet by the succinonitrile-rich

solution in the lower layer.
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Resin Characterization in Cured Composite Materials

A spectroscopic method of characterizing polymeric matrix resins
determines resin performance on a molecular level.

Langley Research Center, Hampton, Virginia

A molecular-level qharac.ter{zatlon of ELLIPSOIDAL
the polymeric matrix resin in cured MIRRORS
graphite-reinforced composite materials
can now be determined through the anal-
ysis of diffuse reflectance (DR) with
Fourier Transform Infrared (FTIR) spec-
troscopy. In the past, such characteriza-
tions could only be postulated because
these materials are both insoluble and
opaqgue and cannot be analyzed by con-
ventional methods that depend either on
the ability to dissolve the sample or to

TO
DETECTOR

detect transmitted radiation. mmn::ggusrs
The improved analytical method is ,/«:ﬁ

based on diffuse reflectance. This reflec- /

tance arises from radiation that pene-

trates into the opague sample and re- BAMPLE

emerges after being scattered numerous
times. Because some wavelengths are
absorbed during this process, the emerg-
ing radiation contains valuable optical in-
formation about the sample.

The spectrum is obtained from a small
piece of composite pulverized and mixed
at 4 percent by weight with powdered
potassium bromide and exposed to in-
frared radiation. The diffusely reflected
components are detected. Alternatively, a

small portion of the composite may be Figure 1. A Diffuse Reflectance Apparatus collects scattered infrared beams from the

analyzed directly. composite sample and transmits this information to a Fourier-Transform spectrum
Figure 1 shows the apparatus for col- analyzer.

lecting the diffuse reflectance informa-
tion. Infrared radiation from the interfer-
ometer is reflected from an ellipsoidal

MIRROR 2

ADJUSTABLE
SAMPLE
MOUNT

MIRROR 1

SAMPLE AGED FOR

g : S 1724 15,000 HOURS AT
mirror onto the composite sample being 450° F (232°C)
analyzed. A second ellipsoidal mirror col- ST B
lects the diffusely reflected components 1667

and reflects them to the detector. The
sample is positioned at the focal point of

1361

: : X | 1599
the two mirrors. During the analysis, the 5
sample is subjected to multiple scans to ‘
improve sensitivity, the FTIR software per- 101
forms mathematical computations, and Y ‘
the data are optimized to produce an in- |
terpretable spectrum providing informa- l
tion as to which molecules are present in .
the matrix and how they are arranged. | A 5

ABSORBANCE

Figure 2 shows DR/FTIR spectra of a 721
new graphite/polymeric matrix resin com- 1778 | 1684 | 1512
posite developed for a high-temperature \'
application. Spectra are given for an 1716 1599 1372
unaged composite and for one aged in air
at 450° F (232° C) for 15,000 hours.

Because the graphite fiber makes no con- . B . N = & - £ L pe ey 4
tribution to the spectrum, all absorption 2000 1800 1600 1400 1200 1000 800 800
bands are due to the polymeric matrix WAVE NUMBERS, cm =1

resin.

New bands at 1667 and 931 wave num- Figure 2. These Spectra of Graphite/Polyimide Composite show a marked distinction be-
bers (em-) for the aged composite indi- tween aged and unaged samples. This distinction provides fundamental insights on
) g ’ pa ; material property changes and is used to suggest ways in which the matrix resin can be

cate that a particular portion of the resin improved.
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molecular structure oxidized. The change
in relative intensity of the 1599 and 1512
cm-1 bands confirms this oxidation. Shifts
in absorption of the 1716 cm-! band to
1724 cm-! and the 1372 cm-! band to
1361 cm-1 due to exposure suggest that
the matrix resin has also experienced ad-
ditional cross-linking. These results pro-

vide fundamental insights into observed
mechanical property changes in the ma-
terial and suggest ways in which the ma-
trix resin can be improved. The DR/FTIR
technique has been successfully applied
to the analysis of several different com-
posites and adhesives that were impossi-
ble to analyze by conventional methods.

This work was done by Philip R. Young
of Langley Research Center and A. C.
Chang of Kentron International, Inc. For
further information, Circle 82 on the
TSP Request Card.
LAR-13172

Efficient Process for Making Polycrystalline Silicon
Solar cells may be made with lower

capital and operating costs.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A process based on the chemical-vapor
deposition (CVD) of dichlorosilane
produces high-grade polycrystalline silicon
for solar cells. The process has potential as
a cost-effective replacement for CVD of
trichlorosilane.

The conventional way of making silicon
for semiconductor devices is by chemical
vapor deposition (CVD) from trichlorosilane
feedstock. However, this process has
shortcomings: It consumes large amounts
of energy in the CVD reactor; it generates
large quantities of silicon tetrachloride asa
byproduct; and it uses both silicon and
chlorine inefficiently.

The new process avoids these short-
comings. The dichlorosilane is obtained by
catalytic redistribution of high-purity
trichlorosilane, which in turn is obtained by
hydrogenation of silicon tetrachloride in a
fluidized bed of metallurgical-grade silicon
followed by purification by standard
methods. The high-purity dichlorosilane is
decomposed to semiconductor-grade
silicon crystals in a rod-type CVD reactor
(see figure). Silicon tetrachloride from the
catalytic redistribution reaction and
hydrogen chloride are both recycled to the
fluidized bed. At a feed of 10 mole percent
dichlorosilane in hydrogen at 1,050°C, the
conversion efficiency to silicon is 60
percent, as compared to a conversion
efficiency of trichlorosilane of only 37
percent.

A key advantage of the new process is
the lower thermodynamic and kinetic
stability of dichlorosilane in comparison to
that of trichlorosilane. This relative
instability allows dichlorosilane to be
converted to silicon by CVD with greater
efficiency — for example, 60 percent for
dichlorosilane versus 37 percent for
trichlorosilane under a representative set
of operating conditions. Moreover, the
conversion efficiency of dichlorosilane is
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less sensitive to variations in reactant
concentrations than is the conversion
efficiency of trichlorosilane.

The high conversion efficiency of
dichlorosilane decomposition results in
higher deposition rates and reduced power
consumption. Equipment and operating
costs per kilogram of silicon produced are
thus lower.

Polycrystalline silicon made by the new
process was subjected to extensive
chemical analysis. Boron, donor ion, and
carbon concentrations were comparable
to specifications for semiconductor-grade
material. Concentrations of other trace
impurities by- mass-spectrographic analy-

instrument. No significant difference could
be detected between polycrystalline silicon
grown from dichlorosilane and that from
trichlorosilane. Solar cells made from
dichlorosilane by one manufacturer aver-
aged 2.3 percent more efficient than those
made from conventional material; another
manufacturer realized a 3.5-percent
increase in efficiency.

This work was done by James R.
McCormick, Frank Plahutnik, Jr., David H.
Sawyer, Arvid N. Arvidson, and Stewart M.
Goldfarb of Dow Corning Corp. for NASA’s
Jet Propulsion Laboratory. For further
information, Circle 81 on the TSP Request
Card.

sis was at or below the detection limit of the NPO-16121
DICHLOROSILANE, H2SICly
TRICHLOROSILANE, AND -5
SILICON TETRACHLORIDE
(H2SIClp, HSICl3, AND SiCl )

HaSiCly,
HSICl3, AND
SiCly

PREHEATER

T

HSICl3 FROM
HYDROGENATION OF
SICl4

HCI

A Demonstration Unit for manufacturing semiconductor-grade silicon from dichlorosilane
employs hydrogenation of silicon tetrachloride, synthesis of dichlorosilane, and
dichlorosilane decomposition. All byproducts of the reactions can be recycled in the process.
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Synthesizing Metal Phthalocyanine Imide Polymers

Products should exhibit
high thermal stability.

Ames Research Center, Moffett Field, California

An efficient synthesis of analytically-
pure metal(ll)4,4/,4’/ 4'"-tetraamino-
phthalocyanine has been demonstrated
in experiments. Metal phthalocyanine
imide polymers with decomposition tem-
peratures above 500° C have been
made from these amines. The new poly-
mers are expected to be useful in the
formulation of thermally stable varnish-
es, adhesives, and fibers.

The laboratory synthesis is illustrated
with an example in which the metal is
copper. The method also applies to other
metals having atomic radii of about
1.35 A.

In one of the experiments, the follow-
ing ingredients were finely ground: 12.0g
of CuSO,4+5H,0, 37.0 g of 4-nitrophthalic
acid, 4.5 g of NH,CI, 0.5 g of
(NH4),M00,4, and excess urea (50 to
60 g). These were placed in a 500-ml
three-necked flask containing 25 ml of
nitrobenzene. The flask was equipped
with a thermometer, a condenser, and a
mechanical stirrer.

The temperature of the ingredients
was slowly increased to 185° C and
maintained at 185°+5° C for 4%
hours. At the end of this time, a solid
reaction product was obtained. The solid
was ground, then washed in alcohol until
free of nitrobenzene. The material was
then boiled for about 5 minutes in 500 mi
of 1.0 N HCI saturated with NaCl. After
cooling to room temperature, the mix-
ture was filtered to remove the liquid.
The remaining solid was treated with
500 ml of 1.0 N NaOH containing 200 g
of NaC! and heated at 90° C until the
evolution of ammonia ceased.

After filtration of the mixture, the solid
was treated with 1.0 N HCl and sepa-
rated by centrifugation. Alternate treat-
ments with HCl and NaOH were repeat-
ed twice. The product was washed with
water until free of chloride, then dried in
avacuumat 125° Cfor 1 hour. The result
was a 92-percent yield of the intermedi-
ate product copper(ll)4,4’,4’/,4'"'tetra-
nitrophthalocyanine.

About 10 g of the finely-ground inter-
mediate product was placed in 250 ml of
water to form a slurry. Fifty grams of
NaS«9H,0 were added and stirred at
50° C for 5 hours. The solid product was
separated by centrifugation and treated
with 750 ml of 1.0 N HCI. The acid mix-
ture was then centrifuged to separate
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A Typical Polymerization of a Metal(l1)4,4',4",4'""-Tetraaminophthalocyanine proceeds in
two steps: The first is a reaction with 3,3/,4,4"-benzophenone-tetracarboxylic
dianhydride. The second step is a cyclodehydration.

the bulky blue precipitate of tetraamino-
phthalocyanine hydrochloride.

repeatedly treated with water, stirred,
and centrifuged until it was free of

The precipitate was treated with 500
ml of 1.0 N NaOH, stirred for 1 hour, and
centrifuged to separate the dark green
complex of copper(l1)4,4/,4" 4/ -tetra-
aminophthalocyanine. The complex was

NaOH. The purified complex was dried
for 2 hours at 150° C.

An amino derivative of metal phthalo-
cyanine made by the above or a similar
process can be polymerized by any of a
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number of different reaction sequences.
One of the preferred sequences is
shown in the figure.

The metal(ll)4,4/,4’/ 4'"/-tetraamino-
phthalocyanine and a bisphthalic anhy-
dride are reacted in dimethyl sulfoxide
or other aprotic solvent at 22° to 30° C
to yield poly(metal phthalocyanine) amic
acid. To complete the process, the amic
acid is thermally cyclodehydrated by

heating at 300° C for 1 hour in a
vacuum.

The general process described en-
compasses many variations. Many dif-
ferent polymers and copolymers can be
produced, depending on the selection of
metal, amino derivative of the metal
phthalocyanine, anhydride, solvent, and
cyclodehydration technique.

This work was done by B. N. Achar,

G. M. Fohlen, and J. A. Parker of Ames
Research Center. For further informa-
tion, Circle 112 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 29].
Refer to ARC-11413.

Solar-Assisted Oxidation of Toxic Cyanide

llluminated platinized TiO, is used

to treat industrial wastewaters.

Langley Research Center, Hampton, Virginia

Cyanide is a very hazardous waste prod-
uct of many industrial processes such as
electroplating, case hardening of steel, ore
refining, and scrubbing of stack gases from
blast and producer-gas furnaces. The cur-
rently preferred method of removing this
toxic material from industrial wastewater is
by alkaline chlorination. This method re-
quires 8 pounds (3.6 kilograms) of chlorine
and 7.3 pounds (3.3 kilograms) of sodium
hydroxide to completely oxidize 1 pound
(0.5 kilogram) of cyanide, resulting in addi-
tional volumes of sludge for disposal. An-
other treatment method is by direct electro-
lytic oxidation. High current densities (and
therefore high energy costs) are required,
especially for low cyanide concentrations.
These techniques are effective for cyanide
concentrations down to about 1,000 ppm.

In the solar-assisted oxidation technique,
oxygen-bearing air is bubbled through the
cyanide solution in which platinized pow-
dered TiO, is suspended (see Figure 1).
Light from either an artificial source or natu-
ral Sunlight irradiates the solution. Recent
research with platinized semiconducting
powders and broadband radiation has dem-
onstrated the production of halogens from
aqueous solutions of their respective ions.
In addition, a significant enhancement of
the oxidation of CN- and SO42 has been re-
ported when in the presence of illuminated
platinized semiconductor powders. Experi-
ments conducted in both artificial and
natural Sunlight with known amounts of cy-
anide and platinized TiO, particles have
demonstrated that this technique is effec-
tive in reducing the concentration of cya-
nide to levels well below those achieved by
other methods.

Figure 2 shows that the concentration of
cyanide is decreased an order of magni-
tude below that concentration where alka-
line chlorination and electrolytic oxidation
become relatively ineffective. Experiments
have also shown that the platinized TiO,
powders used in the oxidation of cyanide
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Figure 1. Oxygen-Bearing Air Is Bubbled Through the Cyanide solution in which plati-
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Figure 2. The Relative Concentration of Cyanide as a function of time during solar irradia-
tion yields concentrations lower than those achieved by other methods.

can be reused. These results suggest an ef-
fective and inexpensive method for oxidiz-
ing cyanide in industrial wastewaters.

This work was done by Charles E. Byvik

of Langley Research Center and Allen
Miles of Southern University. For further in-
formation, Circle 105 on the TSP Request
Card. LAR-13171
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Ethynyl-Terminated Ester Oligomers and Polymers

Use temperature and solvent resistance

of polyesters are increased.

Langley Research Center, Hampton, Virginia

Polyesters of various molecular weights
were terminated with ethynyl groups. As
these ethynyl-terminated polyesters are
exposed to elevated temperatures, a ther-
mally induced reaction of the ethynyl
groups occurs to provide cross-linking and
chain extension. This reaction raises the
use temperature of the polymer and great-
ly improves its resistance to solvents. The
new materials produced by this process
are potentially useful as adhesives, com-
posite matrices, solvent-resistant coatings,
membranes, and films.

There are basically three classes of
polyesters: amorphous thermoplastics,
crystalline or semicrystalline materials,
and unsaturated or cross-linked polymers.
Amorphous polyesters generally are sensi-
tive to certain solvents, especially in a
stressed condition, and upon exposure
undergo solvent-induced stress crazing
and cracking. Crystalline polyesters have
better solvent resistance but generally are
more difficult to process, especially as
adhesives and laminating resins. Cross-
linked polyesters undergo pronounced
shrinkage upon cure, resulting in built-in
stresses, and are generally brittle and not
thermoformable. The ethynyl-terminated
polyesters, however, exhibit improved sol-
vent resistance, good toughness, and
thermoformability.

Hydroxy-terminated ester oligomers or
polymers are reacted with ethynylbenzoyl
chloride to yield ethynyl-terminated ester
oligomers or polymers as shown in the
figure. Other ethynyl acid chlorides such
as 4(4-ethynylphenoxy)benzoyl chloride
can also be used. The molecular weight of
the ester oligomer or polymer can be con-

0O o
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EXCESS BASE
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V-E\-— pu
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)

New Ethynyl-Terminated Polyesters are produced in the reaction sequence shown here.

trolled readily, thereby controlling the
amount of ethynyl groups to provide
tailored materials for specific applications.
Higher cross-link density in the cured
polymer provides better solvent resist-
ance, less thermoformability, and lower
toughness. Virtually any polyesters ter-
minated with hydroxy groups can be con-
verted to the corresponding ethynyl-
terminated materials.

This work was done by Paul M.

Hergenrother of Langley Research
Center and Stephen J. Havens of Kentron
International, Inc. For further information,
Circle 97 on the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive license for its
commercial development should be ad-
dressed to the Patent Counsel, Langley
Research Center [see page 29]. Refer to
LAR-13118.

Static-Suppressing Optical Paint

Flat black and conductive, a primer and topcoat
adhere to a variety of properly prepared surfaces.

NASA's Jet Propulsion Laboratory, Pasadena, California

An electrically conductive flat black
paint adheres well to magnesium, alumi-
num, fiberglass, and other materials. The
paint absorbs stray light in optical in-
struments while preventing the buildup of

NASA Tech Briefs, Spring 1985

electrostatic fields and arcing.

The paint consists of a primer and a
topcoat, both containing electrically-
conductive carbon-black powder. The
primer has a two-part epoxy base, and

the topcoat has a polyurethane base.
Following proper procedures for sur-
face preparation and cleaning is essen-
tial. Polished metals such as aluminum,
stainless steel, and titanium should be
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finished with a fine abrasive. Machined
metals should be polished with No. 400
grit to a 20-microinch (0.5-micrometer)
rms finish. Plastics should be rubbed
lightly with No. 180 aluminum oxide or
garnet cloth.

The conductive paint will not adhere
reliably unless the surface is absolutely
free of grease, oil, and dirt. Metal parts
are cleaned by vapor degreasing, rinsing
with distilled water, drying in high-purity
nitrogen, and baking at 150° F (66° C) for
1 hour. Plastic parts are washed with
isopropyl alcohol, wiped with a clean lint-
free cloth before the alcohol evaporates,
rinsed with more isopropyl alcohol,
rinsed with distilled or deionized water,
and dried in a stream of nitrogen gas for
10 minutes.

The primer is formulated from the
following ingredients (approximate per-
centage by weight indicated in paren-
theses): Epoxy resin (52), epoxy catalyst
(9.5), carbon powder (6.5), and thinner

(32). The topcoat is made from the
following constituents: Polyurethane
resin (58), carbon powder (13), and
xylene thinner (29).

For the primer, the epoxy base, car-
bon, and about two-thirds of the thinner
are stirred in a beaker, then poured into a
ceramic-ball milling jar. The remaining
one-third of the solvent is used to rinse
out the beaker, then added to the con-
tents of the jar. After 15 minutes of ball
milling, the mixture is blended with the
epoxy catalyst and milled for another
22 minutes. Finally, the mixture is
poured into the bottle of a spray gun,
allowed to stand for 15 to 30 minutes to
allow it to gel slightly, and sprayed on the
surface to be painted. The primer coat
should be allowed to set and dry in air
above 70° F (21° C) for at least 20 hours
before the topcoat is applied.

To prepare the topcoat, the polyureth-
ane resin, carbon, and xylene solvent are
mixed, first in a beaker then in a milling

jar, for about 45 minutes. The mixture is
sprayed over the primer and allowed to
cure for 24 hours in air above a tempera-
ture of 70° F (21 ° C) at a relative humid-
ity of 30 to 80 percent. A final vacuum
bakeout for 48 hours at 250° F (121° C)
and 106 torr (104 N/m2) completes the
procedure.

The resulting paint has a resistivity of
5 x 103 ohms per square, a solar ab-
sorptivity of 0.93, and a thermal emissivi-
ty of 0.87. It survives standard tape-
peeling adhesion tests.

This work was done by Morris M.
Birnbaum, Edward C. Metzler, and
Edward L. Cleland of Caltech for NASA’s
Jet Propulsion Laboratory. For further
information, Circle 88 on the TSP Re-
quest Card.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
NASA Resident Office-JPL [see page 29].
Refer to NPO-15992.

Improving Emittance of High-Temperature Insulating Tile

An additive protects the tile even

when the surface coating fails.

Lyndon B. Johnson Space Center,

A simple addition to ceramic in-
sulating tiles provides backup properties
that minimize the transfer of heat
through the tiles when their surfaces
become damaged. Previously, such tiles
have been coated with reaction-cured
glass to provide the surface with the
high emittance and other optical proper-
ties necessary to prevent the heating of
the tile surface to temperatures above
2,300° F (1,260° C). The coating also
makes the tiles abrasion-resistant and
impervious to water. However, if a tile
becomes damaged and loses part of its
coating, it no longer protects the
underlying structure, because the emit-
tance of the white interior ceramic is
less than that of the coating.

The addition of 3 percent by weight of
320- or 600-grit silicon carbide powder
to the ceramic during production results
in an impregnated tile material that
resists overheating. The silicon carbide
increases the emittance and decreases
the transmittance of the ceramic. As a
result, increased radiation outward from
the surface reduces the surface temper-
ature, and less radiant energy is trans-
mitted from the tile surface through the
ceramic insulation to the aluminum
structure.
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Tiles with and without the coating
were subjected to arc-plasma tests (see
figure). The coated tiles withstood a
2,300° F (1,260° C) surface tempera-
ture with no degradation. Uncoated tiles
eroded and partially melted, and their
aluminum substructure melted locally.
But uncoated tiles with silicon carbide
survived the tests with only minor
shrinkage.

This work was done by Edward R.
Gzowski of Lockheed Missiles & Space
Company, Inc., for Johnson Space
Center. No further documentation is
available.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Johnson Space Center [see page 29].
Refer to MSC-20714.

An Insulating Tile without reaction-cured glass coating is damaged after arc-plasma
testing (left), and the aluminum supporting it is partly melted. A tile with silicon carbide
additive (right) is slightly shrunken after the test but is otherwise in good condition, even
though it is uncoated. There is also less damage to the aluminum structure.
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Rubberized, Brominated Epoxies

New composites are tougher and more resistant to fire.

Ames Research Center, Moffett Field, California

New graphite/epoxy composite ma-
terials have been made with resins con-
taining bromine and rubber additives.
Previously, the impact resistance of
epoxies had been increased by adding
reactive liquid rubber to the resins to
form phase-separated rubber domains.
In the new composites, flame resistance
is increased by introducing bromine via
commercial brominated flame-retardant
polymeric additives.

The ingredients used in the investiga-
tion are shown schematically in the fig-
ure. Each of the formulations tested was
based on one of two epoxy resins: tetra-
glycidyl 4,4-diamino diphenyl methane
(TGDDM), a commercial resin, and tris-
(hydroxyphenyl) methane triglycidyl
ether (also called *‘tris epoxy novolac"
or “TEN"), an experimental resin. Di-
amino diphenyl sulfone (DDS) was the
curing agent. Two kinds of rubber were
used: diglycidyl brominated polymeric
additive (BPA) of various molecular
weights and a nonbrominated carboxyl-
terminated liquid copolymer of buta-
diene and acrylonitrile (CTBN).

Copolymeric rubber additives were
prepared by prereacting each BPA with
various proportions of CTBN and 0.15
weight percent of triphenylphosphine at
130° to 150° C under an atmosphere of
N2 for 2 hours. The final epoxy resin mix-
ture was prepared by dissolving the
epoxy resin and prereacted rubber addi-
tive in methyl ethyl ketone, using a tum-
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These Compounds Were Used in Various
Proportions to form new resins for
graphite-fiber/epoxy composites.

bler for 4 hours. DDS was added and the
solution shaken for an additional hour.

Graphite cloths were impregnated
with the solution, then dried for 5 min-
utes at 85° C, followed by 9 minutes at
125° C. Laminates were prepared from
stacked impregnated cloths. First, the
stacks were heated to 177° C at 4° C
per minute. The stacks were pressed at
50 psi (0.34 MPa) while maintaining 177°C
for 2 hours, then cooling to ambient tem-
perature over a period of 10 hours. The
stacks were postcured at 192° C for 2
hours.

The laminates were tested for me-
chanical properties, thermochemical
characteristics, glass-transition temper-
ature, flammability, and water absorp-
tion. Laminates made from new TEN
containing brominated rubber additives
show somewhat lower flammability and
higher impact resistance than were
shown by laminates made from other
formulations.

This work was done by W. J. Gilwee,
D. A. Kourtides, and J. A. Parker of
Ames Research Center and Z. Nir of
the National Research Council. For fur-
ther information, Circle 99 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 29].
Refer to ARC-11427.

Waterproofing Agents for Silica Tiles
A new silylating agent is easy to apply
and withstands high temperatures.

Lyndon B. Johnson Space Center, Houston, Texas

The waterproofing agent methyltri-
methoxysilane is applied to silica thermal-
insulation tiles in a simple vapor-deposi-
tion process. Other waterproofing agents
in the same series include methyisiloxane
(sprayed with a solvent) and hexamethyl-
disilazane (deposited from vapor). Of the
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three materials, methyltrimethoxysilane
imparts the best waterproofing and ther-
mal properties. Originally developed for
insulating tiles for spacecraft, one or
more of these agents may also find uses
in roofing tiles, insulation for buildings or
solar-energy systems, or solar reflectors.

The vapor deposition can be done
under a variety of conditions, including
open air at room temperature, bagged or
otherwise enclosed at room temperature
and pressure, assisted by controlled or
directed gas or airflow, the injection of
vapor directly into the tile, and other
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variations of flow or pressure that facili-
tate the permeation of the tile. The curing
reactions take place at room tempera-
ture, but can be speeded by heating.
Radiant heating can be used, or the flow-
ing gas can be heated during or after the
vapor deposition.

The wettability of the tiles is caused by
active hydrogen sites that remain on the
silica fibers from the tile-manufacturing
process. The methyltrimethoxysilane or
other agent reacts with these sites (see
figure). The required hydrophobic proper-
ty is imparted to the silica with only a
small increase in weight — typically 0.8
percent.

Tiles treated with methyltrimethoxy-
silane retain their water repellency after
exposure to 427° C in air for 15 hours,
whereas tiles treated with the other
agents do not. The hydrophobic coatings
of all three agents decompose at 649° C,
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is removed and replaced by hydrophobic molecular fragments.

but the decomposition products of the
methyltrimethoxysilane and hexamethyl-
disilazane coatings do not cause darken-
ing or otherwise affect the solar absorp-
tion or emissivity of the tiles.

This work was done by Harry N.
Nakano, Y. Douglas Izu, and Ernest N.
Yoshioka of Lockheed Missiles & Space

Co., Inc., for Johnson Space Center. For
further information, Circle 83 on the TSP
Request Card.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Johnson Space Center [see page 29].
Refer to MSC-20364.

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.

Preparation and
Characterization of
HgxCdq.xTe

Crystal growth and
properties are studied under
variations of composition
and processing.

Experimental studies of the growth of
Hg,Cd4.<Te crystals are described in a
NASA contractor report. Hg,Cd1.,Te is im-
portant as an infrared detector material:
The studies are part of a greater effort to
determine the effects of processing con-
ditions on the chemical, physical, and
electrical properties of this material.

The experiments were conducted over
the full range of compositions, with x
ranging from zero to 1.0. Samples were
prepared by melting predetermined
amounts of Hg, Cd, and Te together in
sealed, evacuated ampoules of fused
silica or quartz.

A series of differential-thermal-analysis
(DTA) measurements were performed to
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determine the liquidus temperatures of
the alloy compositions, thereby obtaining
a ternary Hg/Cd/Te phase diagram, espe-
cially in the mercury-rich composition
region. In a DTA run, the sample was first
equilibrated for 16 hours at 50° C below
the anticipated liquidus point, then heated
at 2° C per minute until a break in the
differential-temperature curve signaled
the attainment of the liquidus tempera-
ture. A sample of Sb (melting point
630.8° C) was placed next to the alloy
sample to provide a temperature refer-
ence. Liguidus temperatures on suc-
cessive runs agreed within 2° C.

In tests of directional solidification,
crystals were grown by the Bridgman-
Stockbarger method, in which the materi-
al is solidified in a vertical ampoule by
slowly raising a tubular furnace along the
ampoule axis. A longitudinal thermal gra-
dient advances upward along the ampoule
as the relatively cool lower end of the furn-
ace rises, causing the solidification front
to move up along the sample. The alloy
compositions as a function of axial posi-
tion were determined by mass-density
measurements. (It can be shown that
mass density depends uniguely on x.)

The samples as grown by the Bridgman-
Stockbarger method were p-type. An at-
tempt was made to convert them to infra-
red-transparent n-type by annealing in Hg
vapor at 325° C for 114 hours. The an-
nealing treatment failed to produce infra-
red-transparent samples that might have
been subjected to infrared radial com-
positional mapping.

Electrical resistivity and Hall-effect

measurements were taken on a selected
annealed sample in a liquid-helium-cooled
Hall-effect apparatus. The temperature
dependencies of the Hall electron concen-
tration and mobility indicated that, in the
particular sample, either compositional
uniformity was low, or the sample did not
reach equilibrium during annealing.

This work was done by J. G. Broerman,
B. J. Morris, and P. J. Meschter of
McDonnell Douglas Corp. for Marshall
Space Flight Center. 7o obtain a copy of
the report, “Advanced Methods for Prep-
aration and Characterization of Infrared
Detector Materials,” Circle 66 on the
TSP Request Card.
MFS-27037

Strength of Graphite/Metal
Composite Lap Joints

Test data are given

for graphite/aluminum
and graphite/magnesium
riveted lap joints.

A report presents the results of tests on
fastened lap joints between strips of
graphite/aluminum and graphite/magnesi-
um composites. The goal of the test pro-
gram was to establish the practical load
range and the effect of such joint param-
eters as load direction relative to graphite
fiber direction, edge distance, fastener
diameters, and lateral spacing as a function
of net section efficiency.

Two specimen types were tested:
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* Graphite fibers infiltrated by aluminum
alloy, sandwiched between aluminum-
alloy foils of 0.0035-in. (0.09-mm)
thickness, and

* Graphite fibers infiltrated by magnesium
alloy, sandwiched between magnesium-
alloy foils of 0.0025-in. (0.06-mm)
thickness.

For both types, the specimens were cut
with fiber orientations of 0°, 45°, and 90°
relative to the load directions. Aluminum-
alloy splicing straps were fastened to the
specimens to form the lap joints. Aluminum-
alloy cherry rivets were used as the
fasteners.

The report concludes that cherry rivets
are practical and easy to install in graphite/
metal composite lap joints. The test data
had relatively low scatter in most cases and
can therefore be accepted with confidence.
The range of such joint parameters as
material type, edge distance, width, and
fiber orientation was adequate to establish
bounds on joint strength, but additional
testing will be needed to develop allowable
values for design.

The type of graphite fiber had no effect
on the joint since the failure modes were
dominated by the strength of the matrix
material in shear and tension. Because the
failures were matrix dominated, the joint
strength was significantly improved when
the graphite/metal was solution heat
treated and aged.

Shear failures occurred for most speci-
mens when they were loaded parallel to the
fiber direction. An edge distance of approxi-
mately five rivet-hole diameters was need-
ed before bearing failures appeared in
specimens that were not heat treated. In
the solution-heat-treated and aged
specimens, the minimum edge distance for
bearing failure was four diameters. The
treated specimens also showed
significantly-improved joint strength. The
allowable strength of the graphite/metal
joints approached the expected strength for
wrought aluminum and magnesium alloys,
but the joint efficiency was low when based
on the ultimate tensile strength of the
graphite/metal.

The 45° and 90° specimens failed in
transverse tension. Section failures through
the fastener occurred as predicted, but
there was an unexpectedly high number of
failures in tension beyond the fastener. Only
as-fabricated 45° and 90 ° specimens were
tested, but solution-heat-treated and aged
specimens would have shown improved
strength.

This work was done by A. M. Ellison and
D. H. Kintis of Lockheed Missiles & Space
Co., Inc., for Marshall Space Flight
Center. 7o obtain a copy of the report,
“Metal Matrix Composites for Space Ex-
ploration,” Circle 3 on the TSP Request
Card.

MFS-27030
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Predicting Effects
of Impacts
on Confined Explosives

Scaling relationships
may make full-scale
experiments unnecessary.

A study aimed at improving the safety
of explosive storage has examined the
relationship between small-scale ex-
periments and actual explosions. The ob-
ject of the study was to develop scaling
laws that would eliminate the need for full-
scale explosion tests and reduce the
need for small-scale tests. The results of
the study make it possible to predict ex-
plosive behavior from small tests and
numerical simulation.

The study focused on detonation of
stored explosives caused by the impact of
fragments or projectiles or by the ac-
cidental impact of one explosive con-
tainer on another, as in a shifting cargo.
The dynamic load of an impact causes a
shock wave to propagate through the ex-
plosive material. If the impact is strong,
such as that from a projectile, detonation
can occur within microseconds. How-
ever, if the impact is relatively mild, such
as that between containers, energy is
transferred to the explosive material over
a longer period of time.

In either case, energy is transferred in
the form of shock-wave pressure, elastic
work, and plastic work. This energy trans-
fer leads to local temperature rises and
hotspots. In fact, in confined explosives,
friction with the container can cause
hotspots. Hotspots do not necessarily
cause detonation: the explosive may dis-
sipate the energy as heat to the environ-
ment and remain inert, or it can undergo
mild chemical decomposition or constant-
pressure deflagration. The last event can
easily turn into violent detonation,
however.

As a first step toward fully understand-
ing the ignition process, the study exam-
ined the stress and deformation propaga-
tion in a confined explosive medium. It
combined the transient stress and strain
pattern with two microscopic ignition
mechanisms: void collapse and shear
banding. It analyzed hotspot formation in
terms of a friction model.

The study found that if the induction
time for an explosion is less than the char-
acteristic time of plastic-wave propaga-
tion, the size of the test model is not im-
portant. However, the thickness of the
container is hard to scale without a de-
tailed multidimensional stress/strain anal-
ysis. Qualitatively, a thick container tends
to diminish pressure and strain rate
because of viscosity and dilatation of the
wave front. Dimensional analysis itself

does not yield a complete solution. As a
result of the study, several approximate
methods have been proposed for deter-
mining the effects of explosive size,
viscoplastic wave magnitude, and con-
tainer thickness.

This work was done by Chung K. Chan
of Caltech for NASA’s Jet Propulsion
Laboratory. 7o obtain a copy of the study,
“Scaling Analysis of Projectiles on Con-
fined Energetic Materials,” Circle 77 on
the TSP Request Card.

NPO-16258

Further Tests of
38 Ball-Bearing Greases

Perfluoroalkylpolyether
lubricants continue to
perform best.

An interim report presents recent
results in a program of long-term testing of
ball-bearing greases in vacuum, oxidizing,
and otherwise hostile environments. An
earlier report in the same series was de-
scribed in “Tests of 38 Ball-Bearing
Greases” (MFS-25624), NASA Tech Briefs,
Vol. 6, No. 3, page 330.

The greases have been tested in ball
bearings of electric motors that were
subjected to a variety of operating condi-
tions, including humid oxygen, vacuum
at 38° C, vacuum at 93.3° C, vacuum at
ambient temperature with start/stop op-
eration, and low-temperature start (vari-
ous temperatures). The lubricants were
evaluated qualitatively in terms of the oc-
currence or nonoccurrence of bearing
failure and quantitatively in terms of
bearing weight loss.

As in the earlier report, the class of
lubricants based on perfluoroalkyl-
polyether (PFPE) gave the best results in
vacuum operation in both 1-year and
5-year tests. In 5-year start/stop tests, one
of the PFPE lubricants showed the lowest
weight loss. Some silicone, mineral, and
synthetic-ester lubricants also showed
promise in 1-year vacuum ambient-tem-
perature tests.

This work was done by E. L. McMurtrey
of Marshall Space Flight Center. Fur-
ther information may be found in NASA
TM-82533 [N83-31020/NSP), “An Evalua-
tion of Grease-Type Ball Bearing Lubri-
cants Operating in Various Environments
(Status Report No. 7)"" [$7]. 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, Cir-
cle 91 on the TSP Request Card.
MFS-27043
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Vision Screening by Color Photography

A trained observer can screen

five children per minute.

Marshall Space Flight Center, Alabama

A screening test has been developed
for detecting a range of vision defects in
the eye, including those that are com-
mon precursors to amblyopia. The test is
noninvasive, safe, and can be adminis-
tered easily in the field by an operator
with no medical training. Only minimal
momentary cooperation of the subject is
required: Thus, the test shows promise
for use with very young children.

The test produces color-slide images
of the retinas of the eyes under
specially-controlled lighting conditions.
These are termed ‘‘generated retinal
reflex”” images. A trained observer can
evaluate these photographs at the rate
of five to seven per minute.

The required equipment (see figure)
includes a camera, an electronic flash
unit, and a small red light at which the
subject looks while the photograph is
taken. Prior to taking the photograph,
the subject sits in the dark for 2 to 3
minutes to allow the pupils to dilate
naturally.

Light from the flash enters the eye, il-
luminating a portion of the retina. When
photographed from the angle shown, the
retina of a normal eye appears a uniform
red color. Ocular defects are indicated
when the retina image is lighter or
darker or nonuniform in color or bright-
ness. For example, nearsightedness is
indicated by bright crescents at the bot-
tom of the eye, and farsightedness is in-

IMAGE OF FLASH UNIT: Light from flash
strikes retina here.

dicated by bright crescents at the top of
the eye. Also, strabismus (crossed eyes)
is indicated by the bright corneal reflec-
tion from the flash being off center.

In addition to the visual evaluation of
the photographs, instrumented quanti-
tative analysis techniques were tried,
ranging from color and intensity meas-
urements that averaged over the entire
retina to one in which measurements
were made at approximately 400 points
in each retina image. None of the quanti-
tative techniques gave better or faster
results than direct visual evaluation,
although further development might
yield better results.

In the visual evaluations, photographs
from 232 persons were evaluated. De-
pending on the observer, 80 to 90 per-
cent of the evaluations were correct.
The 24 incorrect evaluations by the best
observer included 8 persons incorrectly
judged to have optically equal eyes and
16 incorrectly judged to have optically
unequal eyes. This observer was ab-
solutely correct in identifying persons
who were either nearsighted or far-
sighted, or cross eyed. If the abnormality
was caused by other disease processes,
the observer could only speculate about
the cause of abnormality.

This work was done by R. Jayroe and
John R. Richardson of Marshall Space
Flight Center; J. H. Kerr and S. H. Hay
of Electro-Optics Consultants, Inc.; and

LIGHT-EMITTING
DIODE

r 58m

IMAGE OF LIGHT-EMITTING DIODE

IMAGE OF CAMERA LENS: Light that illuminates

pupil in the photographs

is returned from this
region on the retina.

ELECTRONIC 35-mm SINGLE-LENS-REFLEX
FLASH CAMERA MODIFIED BY FITTING
WITH A 1-m-FOCAL-LENGTH,

fi11 LENS

Color Photographs of Retinas are taken with this apparatus, which exploits “red-eye ef-
fect” that is usually considered an annoyance in portrait color photography. The proper
alinement of the eye is assured by asking the subject to gaze at the light-emitting diode.
The “red-eye” patterns of the resulting color photographs are examined by trained
observers for signs of ocular defects.
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Robert McBride of the Alabama Institute
for the Deaf & Blind. For further infor-
mation, Circle 43 on the TSP Request

Card.
Inquiries concerning rights for the
commercial use of this invention should

be addressed to the Patent Counsel,
Marshall Space Flight Center [see page
29]. Refer to MFS-25800.

Coculture Production of Butanol by Clostridium Bacteria

Butanol concentration is higher
when two species are used.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

According to preliminary experi-
ments, the production of butanol by the
anaerobic fermentation of sugars is en-
hanced by the use of two Clostridium
species, one of which feeds on a meta-
bolic product of the other. The renewed
interest in a fermentation process for
making butanol is stimulated by the
potential use of butanol as a surfactant
in enhanced oil recovery. Butanol can
also be used as a fuel or as a chemical
feedstock and is currently produced
synthetically from petroleum.

In conventional fermentation with
Clostridium, the product is a mixture of
butanol, acetone, and ethanoal, in the ap-
proximate ratio of 6:3:1. Mixed-solvent
yields of 29 to 33 percent of fermentable

carbohydrate have been recorded. The
organisms that produce butanol do so by
the reduction of butyric acid.

The yield of butanol can be increased
with the help of a precursor species that
produces butyric acid for consumption
by the butanol-producing species. One
can use a series coculture, in which the
second species feeds on the products of
the first species, or a parallel coculture,
in which the two species live together.

In the preliminary experiments, the
precursor species were C. butyricum
and C. pasteurianum, which produce
high concentrations of butyric acid from
glucose. The second-stage species were
C. butylicum and C. acetobutylicum,
which derive energy from the conversion

of butyric acid to butanol. Cocultures
with combinations of these species con-
sistently produced butanol concentra-
tions 20 percent higher than that of the
corresponding pure culture.

This work was done by Sheryl L.
Bergstrom and Gary L. Foutch of
Oklahoma State University for NASA’s
Jet Propulsion Laboratory. For further
information, Circle 14 on the TSP
Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
NASA Resident Office-JPL [see page
29]. Refer to NPO-16203.

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.

Effect of Hydration on
Nitrogen Washout in
Humans

While hydration may reduce
decompression effects, nitro-
gen removal is not the reason.

A series of experiments described in a
NASA technical memorandum showed
that drinking water before breathing nearly
pure oxygen has little or no effect on the
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rate of removal of nitrogen from the body.
The experiments were undertaken
because data from some earlier experi-
ments suggested that, under some condi-
tions, hydration might help prevent decom-
pression sickness.

The sickness is caused by bubbles of
nitrogen that form when nitrogen comes out
of solution in body fluids during decompres-
sion. Prior investigators had suggested that
hydration would enhance the removal of
nitrogen from tissues, fluids, or gas bubbles
and would enhance the ability of fluids to re-
tain more nitrogen in solution. To test this
hypothesis, the experiments were con-
ducted to measure the amount of nitrogen
removal with and without hydration.

Each of five human subjects underwent
three experiments. In each experiment,
the subjects breathed oxygen while resting
for 3 hours, during which time the nitrogen
removed in exhaled gas was measured.
The subjects did not drink before the first
two tests, but each drank 1.5 liters of water
before the third test. For each subject,
there was no significant difference in nitro-
gen removal among the three tests.

It has been conjectured that the occa-
sional beneficial effects of hydration are
due to phenomena other than nitrogen
removal. One possibility is that hydration
increases the surface tension of blood,
thereby inhibiting bubble formation some-
what. Whether this would influence bubble
formation in joints is not known. Hydration
may also increase microcirculation, there-
by partly counteracting obstructions by
gas emboli.

This work was done by James Waligora
and David J. Horrigan, Jr., of Johnson
Space Center, and Johnny Conkin of
Technology, Inc. Further information may
be found in NASA TM-58254 [N83-26448/
NSP], “Effect of Hydration on Nitrogen
Washout in Human Subjects” [$7]. A
copy may be purchased [prepayment re-
quired] from the National Technical Infor-
mation Service, Springfield, Virginia
22161.

Inquires concerning rights for the com-
mercial use of the technology described in
this report should be addressed to the
Patent Counsel, Johnson Space Center

[see page 29]. Refer to MSC-20686.
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Aircraft Canopy Lock

Mechanism is easy to open intentionally

but resists accidental opening.

Dryden Flight Research Center, Edwards, California

A lock for an aircraft canopy can be
operated from both inside and outside
the cockpit but is unlikely to be actuated
by accidental pilot movements or aero-
dynamic forces during flight.

To ensure positive engagement of the
canopy and the locking mechanism, two
simultaneous actions are required to
close the canopy: latching the canopy
and locking the latch. Similarly, to
prevent the canopy from flying open
accidentally, two actions are required
for opening: unlocking the latch and
unlatching the canopy.

To unlock the latch from the inside, the
pilot pulls a knob out from the cockpit
wall to disengage a pull pin from a recess
(Figure 1). Once the pin is disengaged,
the arm on which the knob is mounted
can be rotated. The motion of the arm is
transmitted by a pair of linked rods to a
pair of hooks, thus causing the hooks to
disengage from a pair of pins on the

canopy (Figure 2). The canopy is then
free to open upward.

To release the canopy from the out-
side, an attendant pushes an ejection
pin. This action presses the ejection pin
against the pull pin in the hole of the
conical base, forcing the latter pin out of
the hole. The attendant then rotates an
exterior handle counterclockwise. This
handle is connected to the interior arm
with the knob. The motion of the exterior
handle therefore causes the arm to ro-
tate and release the hooks.

To fasten the canopy from the inside,
the pilot moves the arm forward (coun-
terclockwise in Figure 2), thus driving the
rods forward so that the hooks slip over
the pins. The tip of the pull pin rides up
the cone of the base as the knob is
rotated and shoots into the recess under
spring compression when it arrives at the
peak of the cone.

To close the canopy from the outside,

OUTSIDE INSIDE
ARM
e RECESS IN
CONICAL BASE
SPRING
SPRING 2
o 4—’1
) S 777
EJECTION \
PIN PULL PIN
: KNOB
AIRCRAFT Hi CONICAL
WALL > BASE

Figure 1. Locking or Unlocking occurs when the pull pin enters or leaves the conical base.
Pushing the ejection pin or pulling the knob unlocks the mechanism.
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the attendant rotates the outside handle
clockwise, driving the rods forward and
engaging the hooks with the pins. As with
interior closing, the pull pin automatically
rides up the base cone and shoots into
the hole.

Unintentional release is unlikely since
accidental pilot motions would push on
the knob in most cases. This safety
feature, coupled with the simplicity and
reliability of the mechanism, may make it
useful for emergency exits from land
vehicles or even buildings.

This work was done by George H.
Nichols of Dryden Flight Research
Center. For further information, Cir-
cle 44 on the TSP Request Card.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Dryden Flight Research Center [see
page 29]. Refer to FRC-11065.

Figure 2. Latching or Unlatching occurs
when the arm is moved forward or back-
ward. Rotation of the arm with the knob or
of an external handle moves the linked rods,
causing the hooks to engage or release the
pins on the canopy.
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Inspecting Hollow Parts With a CAT Scanner

A technique well known in medicine would
be used on manufactured objects.

Marshall Space Flight Center, Alabama

Computer-aided tomography (CAT)
has been proposed for measuring the
wall thicknesses and detecting flaws in
hollow turbine blades or other curved
parts. The technigue is similar to the CAT
scans used in medical diagnoses.

The turbine blades for which the tech-
nique was proposed are curved and
have wall thicknesses of less than 0.1
inch (2.5 millimeters). Their varying radii
of curvature and hollowness make con-
ventional thickness measurement dif-
ficult. Ultrasonic measurements, for ex-
ample, require that surfaces on the test
specimen be parallel. Special micro-
meters could be built, but several dif-
ferent types have to be designed if meas-
urements are to be made at more than
one point.

The proposed CAT-scanning system
would consist of a radiation source, col-
limators, a rotating table, synchronizing
electronics, a detector, and a computer
(see figure). A measured quantity of colli-
mated particle or electromagnetic radia-
tion penetrates the part under test. As
the radiation travels through the materi-
al, part of the beam is scattered; the
amount of scattering depends, among
other things, upon the total thickness of
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material that is penetrated. The radiation
that emerges from the part passes
through a second collimator that re-
moves most of the radiation scattered at
small angles from the beam. The remain-
ing beam consists mostly of unscattered
and slightly scattered radiation, and this
beam reaches the detector.

The detected photon count is a meas-
ure of the total thickness of material that
has been penetrated. From measure-
ments at various angles, a cross-
sectional map of the part can be con-

structed by the computer and displayed
on a television screen. The synchronizing
circuitry controls the table that rotates
the part through the required angles.
Alternatively, in a simpler system, the
part could be rotated manually on its
table and locked in place during timed
exposures.

This work was done by George A.
Kuhr of Rockwell International Corp. for
Marshall Space Flight Center. No fur-
ther documentation is available.
MFS-19916

PART TO BE
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PHOTON OR
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As It Passes Through a Part, a beam of X-rays or other radiation is attenuated and scat-
tered. A computer records the variations in the beam as the part is rotated and constructs

a cross section for display on a video monitor.
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Continuous Laminar-Smoke Generator
A single smoke filament is used to study

flow in low-speed wind tunnels.

Langley Research Center, Hampton, Virginia

A continuous laminar-smoke generator
was developed at Langley Research Center
to better visualize flow details in low-speed
windtunnel tests. The use of a small-
diameter single laminar smoke stream
allows the examination of flow structures at
higher resolution, and continuous operation
facilitates use.

The generator (see figure) is capable of
producing a single filament of smoke and
uses a small-diameter feed tube, the wall of
which acts as the heater element. The
smoke-exit hole is simply a drilled hole in
the side of the feed tube. The local flow
speed is kept low enough to prevent eddy
shedding. By placing the tube in the low-
speed part of wind tunnel (just ahead of the
contraction), the actual test speed can be
made much higher than the local speed
around the smoke generator. With a feed-
line and electrical-wire diameter of 0.50
mm (the feedline used had a 0.25-mm in-
side diameter), laminar smoke was ob-
tained up to a stream velocity of 11 m/s.

Use of a thin splitter plate just behind the
smoke-generator tube could help prevent
eddy shedding at somewhat higher speeds.
A streamlined, airfoil-shaped smoke gener-
ator could also increase the usable speed,
especially if it had a blown-base slot to com-
pensate for velocity deficit caused by skin
friction. A larger diameter feed and heater
tube has “boiling” unsteadiness problems,
but a wick or a porous filler in the tube could

FEEDAND  /
HEATER TUBE [

s SILVER

SOLDER

GRAVITY OR
PRESSURE
USED TO
CONTROL FLOW

RESERVOIR =

Ol =" gt

HOLDER

ELECTRICAL
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A Thin, Single Filament of Smoke is generated for low-speed wind-tunnel use.

help eliminate this difficulty. A high oil-feed
rate and high heater temperature will pro-
duce denser but more turbulent smoke,
which would be useful where a thin laminar
filament is not required but more smoke
volume is needed.

The main features of this technique are
the combination of continuous operation; a
thin, single laminar filament of smoke; ease
of use; and minimal adjustment and control.
The continuous laminar-smoke generator in
its basic form and in modified configura-
tions will be used to study flow over models

in a variety of low-speed wind-tunnel tests.

This work was done by Leonard M.
Weinstein of Langley Research Center.
No further documentation is available.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent Counsel,
Langley Research Center [see page 29].
Refer to LAR-13014.

Inflatable Column Structure

Lightweight structural member
is easy to store.

NASA’s Jet Propulsion Laboratory, Pasadena, California

An inflatable structural column con-
sists of a fiber-reinforced tube segmented
at regular intervals by circumferential
belts of fiber (see figure). The belts cinch
the wall slightly, but the interior of the col-
umn is essentially unobstructed.
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Uninflated, the column is simply a
short stack of fabriclike folds. It is com-
pact and easily stored. The column can
be readily inflated to its full length by a
tank of gas such as nitrogen or even
manually by a foot or hand pump.

In its inflated state, the column takes
on a segmented, caterpillarlike form. The
length of the column and its thrust,
torque, and moment-carrying capacity
are determined by the internal pressure,
the column dimensions, and the number
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and tensile strength of the fibers.

The inflatable column would have ap- Lo, o, —" 2
plications where a lightweight, easily- squeeze —F—F
stored temporary support is needed. For FORCE i = e
example, it could serve as a jack for auto-
mobiles or for structures during repairs. It
can also be used as a support for tempo-
rary bleachers or swimming pools.

This work was done by John M.

Hedgepeth of Astro Research Corp. for . .
NASA’s Jet Propulsion Laboratory. For Billowing Between Circumferential Loops of fiber, an inflated column becomes a series of

A : ‘ cells. Each fiber is subjected to the same tension along its entire length (though the ten-
f#sn:z;gg:gngat%n Circle 49 on the sion may be different in different fibers). The member is therefore called an “isotensoid”

| ’
NPO-16216 oy

Contact Heat Exchanger

Fluid pressure controls the contact between
a heat pipe and a heat exchanger.

Lyndon B. Johnson Space Center, Houston, Texas

A segmented interface moved by fluid
pressure controls the amount of heat
transferred between a heat pipe and a HEAT-EXCHANGER
circulating heat exchanger. Although SEGMENTS
originally developed for use in space,
the new device could find applications
on Earth where a fluid system is to be

linked with a heat pipe, where rapid CONTACT
assembly/disassembly is required, or INTERFAGE
where high pressures or corrosive fluids
are used.
The device shown in the figure con- X
sists of split cylindrical heat-exchanger SRR Z HEAT-PIPE
sections made of soft-aluminum DIAPHRAGM S—_—

(2024-T0) tubing with small flow tubes
brazed on the outside. Gas or hydraulic
pressure applied across a flexible metal
diaphragm forces these cylindrical heat- SECTION A-A
exchanger sections into contact with
matching sections of the heat pipe
evaporator. Contact conductances of
3.4 kW/m2-°C were obtained in
demonstration tests. obreh

With proper modifications the system DIAPHRAGM A<= sieeve
could be actuated by a temperature- 1 \
controlled source of pressurizing gas
and could be used to connect any two
kinds of heat exchangers. However,
possible metallic corrosion of the con-
tact surfaces should be considered
when used in atmospheric conditions.

This work was done by Michael L.
Fleming, Dennis D. Stalmach, and Roy
L. Cox of Vought Corp. for Johnson
Space Center. No further documenta-
tion is available.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel, The Heat-Exchanger System shown in the cross section provides contact interface be-
Johnson Space Center [see page 29)]. tween a fluid system and a heat pipe with easy assembly/disassembly of the heat-
Refer to MSC-20419. pipe/pumped-liquid system.

FLUID
MANIFOLD

PUMPED
LiQuip

HEAT-EXCHANGER
TUBE
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Microprocessor-Centrolled Laser Balancing System
Material is removed by laser action as

the part is tested for balance.

Lewis Research Center, Cleveland, Ohio

A microprocessor-controlled laser
balancing system has been developed
for automatic dynamic balancing of
rotating components. This system pro-
vides complete and accurate balancing
in a single load-and-spinup cycle. It com-
putes all balance plane corrections
simultaneously and then uses a pulsed
laser for precise material removal, even
from parts that may be inaccessible for
installation of conventional correction
weights. Since the unbalance correction
is performed by the laser under
microprocessor supervision as the part
rotates, human error and rejected
workpieces are virtually eliminated.

The operator and the microprocessor
software interact through a video screen
and keypad; no programing skills or un-
prompted system-control decisions are
required. The unit can be retrofitted to
existing balancing machines, including
low-speed balancing units, vacuum spin
pits, and trim balancing systems. It can
be used with a number of different
lasers, allowing an optimum selection
for cost-effective material removal and
balancing results.

Directed by the microprocessor,
which uses vibration information from
the balancing-machine existing sensors
in combination with information from
memory, the laser fires the appropriate
amount of pulses in the correct loca-
tions to remove the necessary amount
of material. As shown in the figure, the
laser machining is basically a high-
speed ablation process. The evapora-
tion of a very small portion of liguid metal
takes place so rapidly under the high in-
tensities of a focused laser beam that a
substantial impulse is transmitted to the
liquid. Material leaves the surface not
only through evaporation but also in the
liquid state at a relatively high velocity.

This technology offers several advan-
tages over the conventional approach of
drilling or grinding removal of material.
The system does not rely on skilled
operators to remove exact amounts of
weight from locations that are often dif-
ficult to identify and access precisely. In
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Directed by a Microprocessor the laser fires the appropriate amount of pulses in correct
locations to remove the necessary amount of material.

addition, productivity is increased by
eliminating the time-consuming steps of
removing parts from the balance
machine to grind and reinstalling them in
the balance machine to check whether
the required tolerances are met.

The system operates with closed-loop
feedback using the sensors to update
the laser commands automatically,
assuring that residual unbalance is kept
within operator-specified limits. The
system may also operate without a
laser, using the same software to pro-
vide the operator with balance locations
and required weight corrections.

Additional software packages have
been developed for applications ranging
from retrofitting conventional two-plane
balance machines to multispeed,
multiplane balancing of supercritical
rotors. The integrated data-acquisition
and rotor-balancing software packages

are currently operational on Digital
Equipment Corp. PDP 11/34 and
11/03 computers. Potential uses include
production environments where large
data bases exist and rapid throughputs
are required, field services with limited
machinery access, and developmental
programs with unique or prototype
systems where vibration must be
minimized.

This work was done by Russell S.
DeMuth of Mechanical Technology,
Inc., for Lewis Research Center. Fur-
ther information may be found in NASA
CR-3105 [N79-17228/NSP], “Ex-
periments on Multiplane Balancing Us-
ing a Laser for Material Removal” [$8]. A
copy may be purchased [prepayment re-
quired] from the National Technical In-
formation Service, Springfield, Virginia
22161.

LEW-13294
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Calibrating Droplet Generator for Pressurized Testing Vessel

Device helps to aline a laser

for a droplet-sizing interferometer.

Marshall Space Flight Center, Alabama

Adroplet generator has been adapted
to alining and calibrating a laser beam,
the focal point of which lies inside a high-
pressure tank. The tank is used for injec-
tor cold-flow tests by a laser droplet-
sizing interferometer. The alinement
procedure automatically corrects for
the deflection of the laser beam that oc-
curs when the internal tank pressure
distorts the tank. This deflection could
not be corrected by external alinement
and calibration procedures.

The alinement and calibration device
is @ monodispersing droplet generator
(MDG), which provides a stream of
uniformly sized droplets through a small
orifice in a vibrating piezoelectric crystal
ring. The laser beam is adjusted so that it
intersects and focuses on the droplet
stream (see figure).

The MDG is mounted in a high-pres-
sure flange on the tank. Line extensions
pass through the flange to the outside.
The flange allows the MDG to operate at
the high injector back pressures used
for the tests.

This work was done by Guido J.
Defever and Tony Exposito of Rockwell
International Corp. for Marshall Space
Flight Center. No further documenta-
tion is available.

MFS-25992

The Monodispersing Droplet Generator
creates uniformly sized droplets. The laser
source and receiver of an interferometer are
alined and focused on the droplets.
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Wingtip Vortex-Augmented Turbopusher Propeller Thrust

Thrust of propeller is enhanced
by the tip vortex.

Langley Research Center, Hampton, Virginia

The thrust produced by a pusher turbo-
propeller configuration mounted on the
wingtip is augmented by the lift-induced
wingtip vortex flow. As a result of the

NASA Tech Briefs, Spring 1985

weaker vortex, there is a reduction in the
induced drag of the wing afforded by pro-
peller-wake mass injection into the core
of the vortex, causing it to break down.

This location of the pusher turboprop also
eliminates the detrimental effect of the
propeller swirl, surface-scrubbing drag,
and compressibility wave drag.
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The direction of lift produced by a pro-
peller blade is approximately perpen-
dicular to the local or resultant velocity,
which is a combination of the stream and
propeller-rotational velocities. The thrust
produced in the flight direction is a com-
ponent of this propeller lift. Because the
turbo-pusher-propeller configuration is
mounted in the vortex flow at the wingtip,
the vortex and the propeller-rotational
velocities will be additive (see figure), in-
creasing the angle of the local velocity
relative to the propeller. This change in
relative velocity direction would cause
the propeller lift vector to be rotated in a
streamwise direction, thereby increasing
the magnitude of the thrust component.
This new relative velocity would allow a
reduction in the actual propeller blade
angle, thus requiring less energy from the
turboengine to maintain the required
thrust level. This change in thrust due to
the vortex flow is approximately 16 per-
cent based on “‘simple blade theory.”

The total improvement that could be
expected by taking advantage of the
aerodynamic flows that exist on an
airplane in cruise flight may be as high as
a 28 percent reduction in the total drag.
This includes a 12-percent reduction in
the induced drag of a transport-type air-
craft due to the vortex dissipation afford-
ed by the prop-wash/vortex core flow
interaction.

This work was done by James C.
Patterson, Jr, of Langley Research

PROP ROTATION ; s

The Wingtip-Mounted Nacelle provides a turboprop vortex velocity recovery. The thrust of
the turbopusher propeller is increased by the flow of the lift-induced vortex.

Center. Further information may be
found in NASA TN D-5729 [N70-27576/
NSP], “An Exploratory Wind Tunnel Inves-
tigation of the Wake Effect of a Panel Tip-
Mounted Fan-Jet Engine on the Lift-
Induced Vortex'' [$8.50). A copy may be
purchased [prepayment required] from
the National Technical Information Ser-

vice, Springfield, Virginia 22161.

This invention is owned by NASA, and
a patent application has been filed. In-
quiries concerning nonexclusive or exclu-
sive license for its commercial develop-
ment should be addressed to the Patent
Counsel, Langley Research Center [see
page 29]. Refer to LAR-13019.

Superconducting-Cavity Accelerometer

The resonant frequency of a microwave superconducting
cavity is sensitive to gravitation and acceleration.

Goddard Space Flight Center,
Greenbelt, Maryland

A sensitive accelerometer would be
assembled by combining a supercon-
ducting microwave cavity and a conven-
tional microwave semiconductor oscilla-
tor. The cavity would serve as the
resonant element of the oscillator
circuit. It is estimated that the proposed
device could measure accelerations as
small as 10710 cm/s2 (10-13 g's). It could
also be configured to measure small
gradients in the gravitational field of the
Earth, say in the order of 102to 10-3 EU
(Eotvos units).

Changes in the cavity dimensions
caused by an acceleration alter the reso-
nant frequency of the cavity and there-
fore the oscillator frequency; ie, a relative
change in the length of the cavity causes
a relative shift in frequency, which can be
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A Diaphragm Changes the Length of a superconducting resonant chamber — and hence
its resonant frequency — in response to acceleration of a sensing mass.
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measured very easily. In the past, this
effect was considered a nuisance. How-
ever, the sensitivity to the force of gravi-
tation or acceleration can be exploited in
a measurement of acceleration.

For this use, one endwall of the micro-
wave cavity is a diaphragm weighted
with a sensing mass (see figure). For
example, for a cavity 4 centimeters long,
4 centimeters in diameter, oscillating at

9.89 gigahertz, with a 500-gram sensing
mass on a diaphragm of spring constant
1.6 x 107 g/s2, the acceleration or
gravitational sensitivity is 1010 cm/s2.
Two such accelerometers can be
placed a fixed distance apart and their
output signals mixed to determine the
local gravitational gradient. A difference
in the gravitational force at the positions
of the two oscillators translates into a

change in the beat frequency of the two
outputs. For a 1-meter separation be-
tween, the sensitivity to gravity gradients
is 10-12 cm/s2-cm or 10-3 EU.

This work was done by Victor S.
Reinhardt and Friedrich von Bun of
Goddard Space Flight Center. For
further information, Circle 63 on the TSP
Request Card.

GSC-12797

Remotely-Controlled Docking System

Spring-loaded drogue cones

tolerate and correct misalinement.

Lyndon B. Johnson Space Center, Houston, Texas

A docking mechanism for launching
and retrieving payloads includes a
passive probe attached to the host vehi-
cle and an active assembly attached to
the payload. Originally developed for the
Space Shuttle, the mechanism could be
adapted for robot manipulator arms,
trailer hitches, and docking devices for
in-flight refueling of airplanes.

The figure shows the docking mecha-
nism in the “locked’’ position. The latch-
es are locked by action of the rotary cam
on the ball cam followers. This cam has
two regions in addition to the one shown.
The second region permits free radial
motion of the cam followers to allow the
spring-loaded latches to be depressed
by the probe as it enters the drogue
cone. The third region forces the cam
followers radially outward to retract the
latches for undocking.

In the locked position another cam
presses the apex of the cone against the
probe, locking it against the latches. The
drogue cone is backed by a coil spring
and a series of spring-loaded plungers
that help to absorb the energy of colli-
sion as the probe first touches the cone.
The springs reduce the peak forces ap-
plied to the probe tip as it enters,
smoothing the docking process. The
limit switch signals when the probe has
entered far enough to have been cap-
tured by the latches. The cams are then
operated to lock the mechanism.

Exact alinement is not expected as
docking begins. To assure maximum
stability during docking, the center of
gravity of the payload is always within
the triangle of attachment points. Thus
the vehicle dynamics at impact will tend
to aline the docking interface.

As the probes contact the drogue
cones, limited damping is provided by the
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probes sliding along the drogue cones
and by the drogue cones sliding on inter-
nal spring-loaded plungers. Fully com-
pressed, the springs can store the full
kinetic energy of collision. Rebound is

prevented by the spring-loaded latches
that catch on the shoulders of the probes.
The latches are placed so that the probes
can be captured with no compression of
the drogue-cone springs. Since that is the
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The Attachment Mechanism is equipped with spring-loaded latches, shock-absorbing
springs, and self-alining conical mating surfaces. The docking system includes three at-
tachment mechanisms like the one shown plus a television camera that views a set of
crosshairs for alinement of the vehicle and the payload.
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probe position when the mechanism is
locked, no momentum is transferred be-
tween the load and the vehicle as the
mechanism is unlocked.

The payload carries a television cam-
era so that the docking process can be
monitored and controlled remotely.

Crosshair targets on the probe assembly
and in the camera are used to monitor
the docking approach.

This work was done by Joseph A.
Chandler of Johnson Space Center.
For further information, Circle 68 on
the TSP Request Card.

This invention has been patented by
NASA (U.S. Patent No. 4,431,333). In-
quiries concerning nonexclusive or ex-
clusive license for its commercial
development should be addressed to the
Patent Counsel, Johnson Space Center
[see page 29]. Refer to MSC-18969.

Spring-Loaded Transducer Holder

A portable ultrasonic scanner moves
a transducer at constant pressure.

Langley Research Center, Hampton, Virginia

A spring-loaded holder moves an ultra-
sonic transducer over a test sample at con-
stant pressure. This setup is used to deter-
mine the rate of debond taking place in
glued materials subjected to fatigue load-
ing. The holder was designed as a portable
field unit that could be adapted to a fatigue
machine and that could transmit data while
the specimen was being tested.

Materials and fatigue specimens at
Langley Research Center are subjected to
ultrasonic C-scanning, using a tank filled
with water and transducers mounted on a
tracking arm that is submerged in -the
water. Water is the energy-coupling medi-
um between the transducer and the speci-
men. The tracking arm positions the trans-
ducers in the tank.

Although this stationary system is very
sophisticated, a portable system was re-
quired. Portable systems use glycerin as a
couplant because its viscosity allows the
transducer to be moved along the speci-
men surface by hand. However, this sys-
tem proved awkward to use for the applica-
tion requiring the determination of the
precise location of the debond line and its
length as referenced back to its origin.

The problem was resolved with a spring-
loaded holder for the transducer. The
holder was attached to a vernier height
gage, the vernier height gage was motor-
ized, and a modified suction cup (borrowed
from an electrocardiogram machine) was
installed over the transducer.

As shown in the figure, the suction cupis
a reservoir for the glycerin and a bumper
for maintaining constant contact distance
between the fatigue specimen and the
transducer. The spring-loaded holder
keeps the transducer and the suction cup
pushed against the specimen with con-
stant pressure but allows them to move
over the specimen. By activating the
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switch on the motorized vernier, the opera-
tor can move the tranducer along the
length of the specimen and read the trans-
ducer location on the vernier scale. This
system produces an electronic signal
when the transducer is located over a
bonded area, but the signal level drops to

zero when the transducer is moved over
the debond line.

This work was done by Mickey R.
Gardner of Langley Research Center. No
further documentation is available.
LAR-13048
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A Specially Designed Holder keeps the transducer in good contact with the sample as it is
scanned for the exact location of the debond line.
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Differential Temperature Control of Electrical Heaters

Energy savings are realized from heaters that maintain
low humidity in electrical equipment.

Langley Research Center, Hampton, Virginia

Differential temperature controllers
significantly reduce energy use by heaters
that prevent moisture condensation in elec-
trical equipment (e.g., wind-tunnel motors).
Normally, these heaters are energized at all
times except when the electrical equipment
is operating; however, they need not be en-
ergized as often if differential temperature
controllers are included to maintain the
equipment at a fixed temperature above the
ambient.

A prototype of the differential controller
consisted of two thermocouples, a Burr
Brown Model 3357 amplifier, a Burr Brown
Model 4032 comparator, a Burr Brown
Model 553 power supply, a stock relay, and
miscellaneous passive circuit elements. A
more recent version of the circuit is shown
in the figure.

The unit applies power to the electrical-
equipment heater only when the equipment
temperature drops below a preset differen-
tial above ambient. For the initial tests the
differential controller was set to maintain
the motor 8° F (4° C) above the ambient
temperature.

The efficacy of differential temperature
controllers was demonstrated on large
wind-tunnel motors. A 12-month survey com-
pleted on 11 units indicated a total savings
of 1,250,000 kWh or a little over $56,000 at
a cost of power = $0.045 or 4.5¢/kWh. The
cost of installing 11 differential temperature
units was $10,000, yielding a first-year net
savings of more than $46,000.

The windtunnel motors use 22«kW
heaters that are constantly on when the
motors are not running. With the controller
installed and the differential set at 8° F, the
heaters may not come on for hours or, in
some cases, days after tunnel runs be-
cause of heat gained during the run. Actual

records indicate that for an average day
during a nonrunning period, these particular
heaters use 528 kWh without the differential
controllers. With the differential controller,
however, the power consumed is only 118
kWh for a savings of 410 kWh/day, or a

77-percent energy savings.

This work was done by Kenneth N. Cole
of Langley Research Center. No further
documentation is available.

LAR-13047
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Deployable M-Braced Truss

Tension/compression and shear are separated

structurally in a deployable beam.

Langley Research Center, Hampton, Virginia

The deployable M-braced truss offers
several advantages over the conven-

NASA Tech Briefs, Spring 1985

tional X-braced geometry. In the
M-braced configuration, the diagonals in-

tersect at the center of a batten rather
than at the batten/longeron intersection.
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This construction allows loads introduced
in the diagonals to be reacted by batten
bending, eliminating movement asso-
ciated with joint tolerances and ensuring
the geometric accuracy of the deployed
beam.

The M-braced geometry limits the re-
sponse of the diagonal to an applied axial
load. However, the diagonals can react
shear loads because the triangular pat-
tern cannot be distorted without introduc-
ing loads in the diagonal members. This
design, therefore, effectively separates
tension/compression from shear.

Packaging and deployment can be
done in several ways. The diagonals and
longerons may telescope from the base
(as in Figure 1), permitting several sec-
tions to be packaged into a single bay
section for launch. Or sections may be
hinged about two longerons (as shown in
Figure 2). Telescoping longerons and
diagonals will permit very long structures

Figure 1. The Deployable M-Braced Truss consists of sections that telescope into the
base.

to be packaged in a compact unit.

The truss can be deployed pneumatic-
ally, mechanically by springs or cables, or
by a powered reciprocating mechanism.
Once deployed, the telescoping mem-
bers and sections are locked by simple
latches to form a stiff structural column
or beam.

Components of the M-braced truss
may be fabricated from conventional
metallic materials or nonmetallic materi-
als such as graphite/epoxy. Typical appli-
cations include masts for antenna feed
horns and ribs for solar array blankets.

This work was done by Martin M.
Mikulas, Jr, and Marvin D. Rhodes -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 29].
Refer to LAR-13081.

TELESCOPING
LONGERONS AND
SECTION AXIS

DEPLOYED

Figure 2. M-Braced Sections Can Be Packaged using a combination of hinges and tele-
scoping sections. When the upper sections telescope into the base, the diagonals hinge,

telescope, and rotate along the batten.

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.

Multishaker Modal Testing
Major publications in modal

modeling using test data are
abstracted.
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A report prepared for Marshall Space
Flight Center summarizes recent ad-
vances in the mathematical analysis of
structural vibrations based on experimen-

NASA Tech Briefs, Spring 1985



tal data. The report includes a summary of
research by the author as well as abstracts
of technical reports and papers presented
at meetings or otherwise published.
One of the main research topics is the
modeling of vibrational modes using
several independently acquired columns
of experimental frequency-response data.
Another is the modeling of vibrational
modes using multipoint excitation. A third
main topic is component-mode-synthesis
modeling, the goal of which is to refine the
modal testing of components to such a
degree that the relevant experimental pa-
rameters of the components are sufficient
for use in synthesizing a mathematical
model of the complete structure.
The report contains abstracts of the
following papers:
® “Modal Analysis Using a Fourier
Analyzer, Curve-Fitting, and Modal
Tuning™;

* “Modal Vector Estimation for Closely-
Spaced Frequency Modes";

¢ “A Generalized Multiple-Input, Multiple-
Output Modal Parameter Estimation
Algorithm™;

¢ “Application and Experimental Deter-
mination of Substructure Coupling for

Damped Structural Systems”;

* “A Generalized Substructure Coupling

Procedure for Damped Systems”; and
* “A Substructure Coupling Procedure

Are you reading
someone else’s
copy of NASA
Tech Briefs?

Qualified engineers
and other new
product develop-
ment personnel can
receive their own
personal copy of
NASA Tech Briefs by
checking the
subscription box
and filling in one of
the bound-in cards.
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Applicable to General Linear Time-

Invariant Dynamic Systems."

The author derives some conclusions
from these studies: The modal-tuning pro-
cedures of the first two mentioned papers
enable the determination of the undamped
modes and frequencies of a system from
the combination of modal data based on
single-shaker frequency-response func-
tions. The generalized multiple-input/
multiple-output algorithm employs res-
ponse data from several transducers, per-
mits excitation at several points and of sev-
eral types, and is capable of accurately

identifying modal parameters from noisy
data. The generalized substructural cou-
pling method shows promise, and an effort
should be made to determine the experi-
mental procedures that will give the input
data required by this method.

This work was done by Roy R. Graig,
Jr., of the Bureau of Engineering Re-
search for Marshall Space Flight Cen-
ter. 7o obtain a copy of the report, “‘Multi-
shaker Modal Testing,” Circle 5on the TSP
Request Card.

MFS-27052

Rocket-Booster Towing
Simulation

Techniques may also apply
to buoy or ship design.

A report describes a computer
simulation of the motion of a solid-rocket
booster being towed behind a recovery
ship. A listing of the simulation program
in FORTRAN and references to the
mathematical literature are included.
Some of the mathematical technigues
could be useful in such other maritime
applications as buoy or ship design.

The simulation was undertaken to
determine whether there were par-
ticular wave conditions under which the
booster would fill with water and sink.
The booster, approximately a long,
hollow cylinder, has an opening to the
sea through a large nozzle at the rear
end.

In the simulation, the booster is
treated as a rigid body, the motion of
which is confined to the vertical plane
that includes the towing cable.
Therefore, the analysis is confined to the
three degrees of freedom correspond-
ing to surge (horizontal forward and
backward), heave (vertical), and pitch
(rocking) motions. The remaining three
degrees of freedom, corresponding to
roll, yaw, and sway motions, were found
in model tests and actual towing not to
be significantly excited and are there-
fore omitted from the calculations.

The basic equations to be solved are
treated as a set of rigid-body differential
equations. The force terms due to tow-
ing, drag, waves, and the sloshing of the
water inside are added and the resulting
equations solved repeatedly at a series
of time increments for the three coor-
dinate velocities using Cramer's rule.
The equations are nonlinear in the
velocity, but by using small time steps,
the effects of nonlinearity are mini-
mized. Time derivatives are treated by
linear approximations from step to step.
The procedure was found to be com-
putationally stable for time steps up to
0.2 second.

The inertial matrix appearing in the
equations accounts for the mass and
moment of inertia of the booster, the
mass distribution of the water inside,
and an added mass of external water
dragged along by the towing motion. The
force and inertial terms due to the water
inside are approximated by considering
the sloshing as a one-dimensional, open-
channel, frictionless flow along the
booster axis. This flow is defined in
terms of the axial velocity of the water
and the local cross-sectional area that
the water fills in a plane perpendicular to
the axis. Due to the motion of the
booster, this coordinate system is
noninertial. The motion is not a “given,"”
like the forcing function of the external
waves, but must be calculated, in effect
increasing the number of degrees of
freedom of the system.

The dominant force acting on the
booster is that of the ocean waves. The
shapes, velocities, and forces of these
waves are represented by trochoidal-
wave theory. The alterations of subsur-
face pressure gradients by wave mo-
tions are considered in calculating
buoyancy. The booster is pretended not
to alter the shape of the waves nor the
pressure gradients in the waves. The
elasticity of the towing cable is con-
sidered in calculating the towing force.
The various drag forces are treated
separately and summed.

The calculations reveal no combina-
tion of conditions in which the booster
would sink. It was found, however, that
under severe wave and towing condi-
tions, the towing cable could break. In
that case, the booster would partially fill
with water and rotate from the nearly-
horizontal towing orientation to a vertical
orientation.

This work was done by Thomas A.
Trovillion of Planning Research Corp. for
Kennedy Space Center. 7o obtain a
copy of the report, Circle 19 onthe TSP
Request Card.

KSC-11289
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Simulating Pressure Effects of

High-Flow Volumes

Dynamic test stresses are realized without high-volume pumps.

Marshall Space Flight Center, Alabama

A large flow passage may be tested at
high pressure with the aid of a mandrel
contoured to simulate the local pres-
sures exerted during actual use. Realis-
tic dynamic tests can thus be conducted
without the need for a high-volume
pump.

For rocket-combustion-chamber test-
ing, the mandrel is shaped to provide a
changing cross-sectional area for flow
(see figure). It gradually constricts the
flow as it approaches the throat of the
chamber, thus increasing the pressure
upstream relative to that downstream
according to the profile that would
prevail during operation. Aft of the

throat, the mandrel diffuses the flow so
that pressure drops rapidly as it would
during firing.

Impractically large and costly pumps
are made unnecessary. At the same
time, stresses are generated that would
not be imposed by static testing.

This work was done by M. S. Kaufman
of Rockwell International Corp. for Mar-
shall Space Flight Center. No further
documentation is available.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Marshall Space Flight Center [see page
29]. Refer to MFS-19909.
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Assembled in Sections in a gas-flow passage, a contoured mandrel restricts the flow rate
to a valve convenient for testing and spatially varies the pressure on the passage walls to
simulate the operating-pressure profile. Realistic test pressures are thereby achieved

without extremely high flow volumes.
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Low-Loss Fuel and Oxidizer Injector

Pressure losses may be reduced

without degrading combustion stability.

Marshall Space Flight Center, Alabama

A proposed injector for a rocket en-
gine would inject fuel and oxidizer into
the combustion chamber with lower
pressure loss while maintaining stable
combustion. Ordinarily, the stabilization
of a combustion process requires a high
pressure loss in the injector and its feed
lines so that flow fluctuations are kept
low even when the pressure oscillates.
However, high pressure losses are un-
economical because they limit engine
thrust, which in turn limits the weight of
the payload.

The low-loss injector consists of an ar-
ray of posts, each composed of a con-
centric shroud, separator, and plug (see
figure). Fuel in the form of hot gas is fed
through the space between posts and
enters an annular cavity around the
separator through holes in the shroud.
Oxygen is fed through a central tube in
the post and enters an annular cavity
between the separator and plug through

holes in the central plug wall. Fuel and
oxygen emerge from their respective
cavities at the tip of the post, where they
burn. A small amount of oxygen leaks
through an orifice at the tip of the plug to
cool it.

The inside and outside surfaces of the
separator are both rough to induce
downstream turbulence to enhance
mixing of the fuel and oxidizer. Pockets
etched into the inner and outer surfaces
of the separator further induce tur-
bulence and damp flow fluctuations. As
a result of these provisions, the flow into
the combustion chamber should be well
mixed and steady, and combustion
should be stable.

The diameter of the posts is con-
siderably larger than that in previous in-
jectors. The fuel and oxygen outlets,
therefore, have a relatively large area.
Transverse acoustic waves should be
readily attenuated, and the exposed

area of the primary faceplate is mini-
mized. At the same time, the larger size
of the outlets reduces the pressure drop.
The larger diameter makes the post
stronger, reduces bending and vibration
stresses, relaxes dimensional toler-
ances, and reduces the number of posts
required.

The injector is designed for improved
assembly and maintenance. The posts
are accessible from the primary com-
bustion chamber side and can be
changed for flow adjustment.

This work was done by George Livon
Pragemau of Marshall Space Flight
Center. For further information, Circle
41 on the TSP Request Card.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Marshall Space Flight Center [see page
29]. Refer to MFS-25989.
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Injection Posts form a forest in the cavity between the oxygen manifold and the secondary faceplate. This cavity is the fuel
manifold; fuel floods the post forest and enters each post through side holes in the shroud.
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Continuously Variable Transmission

A chain slides along two cones, in

a novel transmission concept.

Langley Research Center, Hampton, Virginia

A transmission proposed at Langley
Research Center includes a chain drive
between two splined shafts. The chain
sprockets follow the surfaces of two
cones. As one chain sprocket moves
toward the smaller diameter, the other
chain sprocket moves toward the larger
diameter, thereby changing the ‘“‘gear”
ratio. The movement is initiated by ten-
sion applied to the chain by a planetary
gear mechanism.

The speed ratio between drive and
driven shafts is a function of the position
of the chain with respect to the conical
surfaces. For example, if the plane of
rotation of the chain is at the end of the
axes of the cones, as shown in Figure 1,
then the speed ratio (output speed/input
speed) is at its minimum value. However,
if the chain is positioned at the opposite
ends of the cone axes, the speed ratio be-
tween the shafts is at its maximum.

Positioning the chain along the sur-
faces of the cones is accomplished by the
movement of the hubs along the splined
inner shafts of the cones. This movement
of the hubs is transmitted to the chain
through gear trains that move up or down
cogs that radiate from the hubs. Move-
ment of the gear assembly up and down
the cogs, as shown in Figure 2, causes a
simultaneous rotation of the pinion on the
rack. This rotation of the pinion produces
a rotation of the worm, which in turn
causes a rotation of the worm wheel and
chain sprocket. Thus, the rotation of the
chain sprocket is synchronized with the
change in circumference of the chain so
that a constant tension is maintained in
the chain as the chain and gear assembly
move parallel to the cone surface.

Previous devices such as spur gears,
belt and chain-link drives, and conven-
tional hydraulic and mechanical auto-
mobile transmissions do not provide a
simple, compact, or efficient method for
continuously varying the speed ratio be-
tween driving and driven components.
This device is positive, simple, and effi-
cient over a wide range of speed ratios.

This work was done by David C. Grana
of Langley Research Center. No further
documentation is available.

LAR-12844
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Figure 1. The Speed Ratio between driving and driven shafts is a function of the position
of the chain with respect to the conical surfaces.
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Figure 2. Movement of the Gear Assembly up and down the cogs causes a simultaneous
rotation of the pinion on the rack.
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Spill-Detector-and-Shutoff Device
Overflow in liquid chromatography systems

is rapidly detected and stopped.

Lyndon B. Johnson Space Center, Houston, Texas

The system shown in the figure mini-
mizes the amount of liquid spilled from a
liquid-chromatography system. It can
also be adapted to other systems that
transfer electrically conductive liquids.

During normal operation, liquid is
pumped through a pliable tube into the
chemical-component detector of the
chromatography apparatus (see figure).
The detector sends signals to the frac-
tionator, which rotates sample tubes into
position under the liquid-output nozzle to
receive the liquid fractions. If a sample
tube overflows or if a malfunction prevents
the placement of a tube under the nozzle,
the liquid will spill onto the liquid sensor that
is placed under the tubeholder.

The liquid sensor consists of two sets
of interdigitated wires, each set of wires
being electrically connected together
and electrically insulated from the other
set by insulating spacers. A small voltage
is applied between the two sets. When a
conductive liquid is present, current
flows between the sets. This current is
amplified; and the amplified, inverted
signal is used to trip a set of relays. One
relay then shuts off power to the pump
and solenoid while the other relay turns
on an audible or visible alarm.

When the power is on, the plunger is
held by the solenoid against the spring.
When the relays trip and the power goes
off, the plunger is released, allowing the
spring to force the plunger to the left,
thereby pinching the pliable tube be-
tween the plunger and the anvil. This
shuts off the liquid passage, thus saving
the liquid that is already in the tube on
the way to the detection and fractiona-
tion subsystems.

The power relay for the pump and sole-
noid is of the normally-off, self-holding-on
type, so that once the system shuts off, it
must be reset manually with a momentary-
contact button switch. This insures against
accidental turn-on after a power failure and
helps to remind the operator to make nec-

The Spill-Detector-and-Shutoff Device is
incorporated into a liquid-chromatography
system. When liquid from the output nozzle
spills on the liquid sensor, the device auto-
matically shuts off the pump and releases
the solenoid to pinch off the flow in the
tube. The device uses a common type of
alarm circuit that must be reset manually
before normal operation can resume.

NASA Tech gdriefs, Spring 1985
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essary repairs or adjustments before re-
suming normal operation.

This work was done by Michael R.
Jarvis and Donald S. Fulton of the Univer-
sity of lllinois for Johnson Space Center.

For further information, Circle 35 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, Johnson Space Center
[see page 29]. Refer to MSC-20206.

Reciprocating Magnetic Refrigerator
Unit cools to 4 K by adiabatic demagnetization.

NASA's Jet Propulsion Laboratory, Pasadena, California

A reciprocating closed-cycle refrigerator
cools objects to 4 K, exhausting the heat to
another refrigerator at 15 K. Unlike earlier
designs, this magnetic refrigerator provides
continuous rather than “‘one-shot” cooling.

The figure shows the refrigerator in sim-
plified form. Two porous matrices of the
paramagnetic material gadolinium/galliurm/
garnet are held in a long piston called the
displacer, which is machined out of Micarta
(a phenol formaldehyde polymer). Holes in
the side of the displacer allow the heat-
exchange fluid to flow to and through the
matrices within. Piston seals on the dis-
placer prevent substantial mixing of the fluid
in the two loops.

The heat-exchange fluid is helium gas
and is circulated in two loops by recipro-
cating, linear-displacement, magnetically
driven pumps. The displacer is slowly recip-
rocated along the axis of the stainless-steel
cylinder, thereby alternately placing one
matrix and then the other in the field of a
superconducting magnet. The magnetically
soft material surrounding the magnet helps
to confine the magnetic field so that the
displacer stroke required to bring each
matrix into and out of the field will be as short
as possible.

As the displacer moves to one end of the
stroke, the matrix that was in the magnetic
field in the “warm” (15 K) loop moves out of
the magnetic field and away from the warm-
loop circulation port. Thus thermally isolat-
ed, the matrix cools as it demagnetizes.
(This is the adiabatic cooling step and is
analogous to the adiabatic expansion of
conventional refrigeration cycles.)

At the end of the stroke, the matrix is in
the cold-loop circulation port. The helium
gas is then pumped around the cold loop,
absorbing heat from the stage that is to be
cooled and transferring the heat to the
matrix, which has been cooled by adiabatic
demagnetization.

Meanwhile, the matrix that was in the
“cold” loop moves to the center of the
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magnet. The matrix is thermally isolated as it
moves into the magnetic field and warms as
the matrix becomes magnetized. (This is
analogous to the compression step in con-
ventional refrigeration.) At the end of the
stroke, the heat the matrix carried along
from the cold loop is removed by the flowing

helium in the “warm” loop andiis transferred
to the stage at 15 K.

This work was done by Dean L. Johnson
of Caltech for NASA's Jet Propulsion
Laboratory. For further information, Circle
47 on the TSP Request Card.
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The Reciprocating Magnetic Refrigerator is depicted here at the upper end of the stroke.
The lower matrix in the 15 K loop will subsequently be cooled by adiabatic demagnetiza-

tion during the downward stroke.

NASA Tech Briefs, Spring 1985




Flushing Ring for EDM

Removing debris more quickly
lowers the cutting time.

Marshall Space Flight Center, Alabama

The speed of electrical-discharge
machining (EDM) was increased in a
NASA application by increasing the
flushing rate at the cutting face. Reduc-
tions in machining time of up to 30 per-
cent are possible.

The flushing problem arose in an EDM
application in which 600 fuel-injector
posts had to be cut on a plate. Originally,
the cutting rate was reduced by debris
on the workpiece.

To remove the debris, an oil agitator
was constructed. Tubing of 1/2-inch
(1.27-centimeter) outside diameter was
formed into a ring (see figure). Small
holes were drilled in the tube facing the
center of the ring, and inlets for air and
oil were attached to the ring at
diametrically opposite points.

In operation, cutting oil and pressur-
ized air are supplied to the ring, which is
placed around the workpiece. The air
forces the oil through the small holes
and agitates the oil as it flows over the
workpiece. The high flow rate and agita-
tion dislodge and remove debris. The
electrical discharge can then remove
material from the workpiece faster. One
indication of the greater effectiveness
was a jump in EDM current from 25 to 40
amperes when the flushing ring was
installed.

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

MFS-19876
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The Flushing Ring is placed around a workpiece for electrical-discharge machin-
ing. The flushing ring is inexpensive and easily fabricated.

Back-Pressure Regulator for Large Gas Flows
Cost is reduced, and safety is enhanced.

Lyndon B. Johnson Space Center, Houston, Texas

An auarmatic control system maintains a
back pressure of a few psi in the gas flowing
from a pipe about 8 in. (20 cm) in diameter.
The system, which replaces a pneumatical-
ly actuated valve, makes it unnecessary for
an operator to set a valve or flow restrictor.
The principal applications of the system lie
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in environmental testing or production
facilities requiring large gas flows at low
pressures.

As shown in the figure, a conical throat
plug partially blocks the flow of gas out of the
end of the pipe, thus establishing the back
pressure inside the pipe. This pressure is

sensed by a commercially-available pres-
sure-control unit and compared with a pre-
set reference pressure.

The pressure-control unit takes gas from
a gas supply and sends it at a reduced con-
trol pressure to a pneumatically-operated
pressure-control actuator (also a com-
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mercial unit). The control pressure varies in
response to the sensed back pressure: This
causes the actuator to change the axial
position of the plug, thereby changing the
amount of obstruction to flow and adjusting
the back pressure to reduce the deviation
from the desired value.

This work was done by Eugene A.
Theodore and Floyd Chin of Rockwell Inter-
national Corp. for Johnson Space Center.
For further information, Circle 20 on the
TSP Request Card.

MSC-20536

A Pipe Exit is Partially Obstructed by a
conical throat plug. When the pressure in
the pipe falls below (or rises above) the
desired back pressure, the plug is auto-
matically moved in (or out).

PRESSURE-CONTROL
ACTUATOR

CONICAL

- i ~ THROAT PLUG

Air Bearing for Small Planar Vibrations
Air-cushion device provides vibrations

along axes 90° apart.

Marshall Space Flight Center, Alabama

An air bearing allows small linear dis-
placements in any direction in a hori-
zontal plane as well as rotation about a
vertical axis. It can support a large
mass at the end of a long arm, yet it
transmits no microphonic or other vibra-
tions to the mass. The bearing was origi-
nally developed for stirring crystal-
growth liquids in containers.

The bearing includes a movable slide
(see figure) sandwiched between two
fixed support plates. The separation be-
tween the plates is adjusted to standard
air-bearing tolerances. Pressurized air is
supplied to the slide so that it floats be-
tween the plates on a cushion of air. The
air exhausts on the top and bottom sur-
faces of the three arms of the slide.

The object to be oscillated — a cruci-
ble in the case of crystal growth — is
secured to the movable plate at the cen-
ter. The crucible projects through a hole in
the upper support plate. The crucible can
be oscillated with a displacement of up to
+0.125 inch (= 3.18 millimeters) at fre-
quencies up to 100 hertz. The crucible
can be supported at a distance of 1 meter
or more from the oscillators.
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A Y-Shaped Plate supports an object to be oscillated linearly or rotationally in a plane.
Pressurized air forms a cushion above and below the plate.

This work was done by Martin F. Wolf of
Stanford University for Marshall Space
Flight Center. For further information,
Circle 94 on the TSP Request Card.

Inquires concerning rights for the com-

mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 29]. Refer
to MFS-26003.
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Quasi-Porous Plug With Vortex Chamber

Pressure letdown would
be controllable.

NASA's Jet Propulsion Laboratory, Pasadena, California

PLENUM SPACERS

PERFORATED
PLATES

EXPLODED VIEW

ASSEMBLED

Figure 1. A Quasi-Porous Plug consists of plenums separated by perforated plates. The number or size of perforations increases with

each succeeding stage to compensate for expansion.

A proposed pressure-letdown valve
would combine a quasi-porous-plug and a
vortex-chamber in one controllable unit.
Such a valve would be useful in fossil-
energy plants for reducing pressures in
such erosive two-phase process streams
as steam/water, coal slurries, or combus-
tion gases with entrained particles.

The principle of the quasi-porous plug
was discussed in “Pressure Reducer for
Coal Gasifiers” (NPO-15100), NASA Tech
Briefs, Vol. 7, No. 3, p. 322. This type of
valve reduces the pressure of a fluid by
allowing the fluid to expand through a
series of plenums and perforated plates
separating the plenums (see Figure 1).

To compensate for the increase in flow
volume, the number and size of perfora-
tions increase with each stage so that the
flow velocity and the consequent erosive
effect of particles or droplets do not ex-
ceed the maximum allowable at any stage.
For example, the plates may be designed
so that the flow velocity through the per-
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Figure 2. In a Vortex Chamber, the control flow can be varied to control the swirl and

therefore the difference between inlet and outlet pressures.
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forations is the same at all stages. In the
case of two-phase evaporative flow (as
with water flashing to steam), the designer
must also consider the increase in flow
volume due to the phase change.

In the new valve, the flow or pressure is
not controlled by reducing the flow area as
in conventional valves. Instead, the flow is
controlled by generating a vortex to vary

the back pressure in one of the plenums.
As shown in Figure 2, the fiuid flow to be
controlled enters at the periphery and
leaves at the center. An azimuthally-
injected control flow creates a swirl, the
centrifugal effect of which creates a radial
pressure gradient. Thus, the pressure at
the outlet is less than the pressure at the in-
let. A turn-down ratio of 2:1 is obtainable in

one such vortex stage; higher ratios are
possible with multiple stages.

This work was done by John V. Walsh
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 22 on the TSP Request Card.
NPO-16076

Hinged-Blade, Vertical-Shaft Windmill

The blade profile is reduced when

moving against the wind.

Marshall Space Flight Center, Alabama

A vertical-shaft windmill concept calls
for hinged, flapping blades to increase
energy-conversion efficiency by re-
ducing the wind-energy loss. When a
blade is moving on the downwind half
cycle, the wind pressure forces the blade
halves to unfold from each other and
present a larger cross section to the
wind, thereby capturing more wind ener-
gy (see figure). When a blade is moving
on the upwind half cycle, the wind folds
the blade halves together, thereby
reducing the cross section to wind and
therefore the wind resistance.

Of course, the windmill design must
be made resistant to the vibrations
caused by the flapping of the blades. The
sound of the flapping may also be a
consideration.

This work was done by Bennie Shultz,
Jr, of Marshall Space Flight Center.
No further documentation is available.
MFS-25980
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Fastening Parts Having Mismatched Thermal Coefficients
Fastener eliminates thermal stresses

and maintains snug fit.

Langley Research Center, Hampton, Virginia

A fastener developed at Langley Re-
search Center is used where the material
to be fastened has a thermal-expansion
coefficient very different from that of the
fastener. Conventional metal fasteners
require a snug-fitting shank to transmit
shear effectively. When heated, the
shank tends to expand considerably
more than the hole in a material with a
much lower coefficient of thermal expan-
sion. Consequently, the material attempts
to restrain the growth of the fastener,
which is the source of large thermal
stresses. Moreover, the clamping force of
the fastener is lost at elevated tempera-
ture as the fastener grows in length more
than the material being fastened in-
creases in thickness.

This problem is solved through the ap-
plication of conically-configured metal
fasteners. There are only two restrictions
on the use of conical fasteners. First, the
theoretical apex of the cone(s) must
reside within the boundaries of the mate-
rial; and second, if the fastener employs a
double conic, one for the “bolt” and one
for the “nut,” the theoretical apex of each
must be coincident. Any cone angle may
be employed, and either single or double
conic may be used to configure bolts or
rivets in either accessible or blind
applications.

A snug fit exists between the parts
being joined and the fastener at all tem-
peratures. The amount of bearing force,
or snugness of fit, may be controlled by
adjusting the torque on the fastener.

The DAZE [Differential-Alpha, Zero-
Strain (g)] metal fastener expands ther-
mally without restraint by the material
while simultaneously maintaining con-
tinuous contact over sufficient area to
permit shear transmission through the
joint at an acceptable bearing stress in
the material. The fastener (see figure)
consists of conical heads that have coin-
cident vertexes and mate with counter-
sunk holes in the material. As the joint is
heated, the metal expands radially from
the point of coincident vertexes. Where
the metal fastener contacts the material,
the snug-fitting conical heads slide with-
out interference. Since the fastener is
free to expand, no thermal stress is pro-
duced in either the fastener or the
material

The DAZE fastener can be modified to
meet different fastening configurations.
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For example, threaded inserts can be
made when access to only one side of a
structure is available. Bushings used to
distribute the load from a pin or shaft can
be customized to produce acceptable
bearing stresses in the joined members.
The basic characteristic of all DAZE
fasteners, inserts, and bushings is the
coincident vertexes of the surfaces that
contact mating surfaces of the structure.
These contacting and mating surfaces
can be cones, pyramids, disks, or their
combinations.

Metals and some varieties of carbon/
carbon (three-dimensional weave) have

the same coefficient of thermal expan-
sion in all directions, but some carbon/
carbon materials (two-dimensional cloth
layups) have a greater coefficient of ther-
mal expansion through the thickness of
the sheet than in the plane of the sheet.
When the through-the-thickness coeffi-
cient of thermal expansion is not much
greater than that in the plane, the thermal
stresses using basic DAZE fasteners will
be low. Alternative configuration of DAZE
fasteners, however, have been designed
for use with nonisotropic materials where
these differences are large. These config-
urations employ either an offset between

vertexes or curved mating surfaces.

This work was done by L. Robert
Jackson, Randall C. Davis, Allan H. Taylor,
Robert R. McWithey, and Max L. Blosser
of Langley Research Center. For further
information, Circle 86 on the TSP Request
Card.

This invention is owned by NASA, and
a patent application has been filed. In-
qQuiries concerning nonexclusive or ex-
clusive license for its commercial
development should be addressed to the
Patent Counsel, Langley Research
Center [see page 29]. Refer to
LAR-13009.

Performance Improvement for Nonaxisymmetric Nozzles
Internal flow separation is eliminated

during reverse thrust.

Langley Research Center, Hampton, Virginia

The rotating-drum thrust reverser and
boundary-layer control device improves the
performance of nonaxisymmetric nozzles
in three ways: (1) It controls the thrust-
reverser exhaust port area by elimination of
internal flow separation in the reverser ex-
haust port; (2) it provides control of reverse-
thrust flow direction (exhaust angle); and (3) it
eliminates external flow separation over the
nozzle boattail. Current nonaxisymmetric-
nozzle thrust-reverser designs are either of
the integral nozzle/ reverser type or the cas-
cade (upstream) type and have exhibited,
among other limitations, a significant detri-
mental effect of thrust-reverser operation
on nozzle discharge coefficient, or the ratio
of actual mass flow to ideal mass flow. The
new device eliminates the large variations
in nozzle discharge coefficient and provides
additional benefits to jet-engine thrust
operation during cruise and reverse-thrust
modes.

The major components of the device are
two rotating drums (one on top and one on
the bottom), mounted spanwise across the
nonaxisymmetric nozzle (see figures). Dur-
ing the cruise operating mode, the drums
rotate such that the exposed outside sur-
faces of the drums move in the direction of
the external flow. At the same time, bleed
slots direct high-pressure exhaust flow ex-
ternally down the nonaxisymmetric nozzle
boattail. During the reverse-thrust operating
mode, the nozzle convergent and divergent
flaps rotate to form the blocker and simul-
taneously open reverser exhaust ports on
the nozzle upper and lower surfaces. In this
mode, the rotating drums form the forward
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Figure 1. The Convergent and Divergent Nozzle Flaps rotate to form the reverser blocker

for reverse-thrust operation (right).
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Figure 2. During Cruise Operation, the drums rotate in the direction of the external flow.
During reverse-thrust operation, the drums rotate in the direction of the internal flow.
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reverser exhaust-port surface and rotate in
such a direction that the inside surface of
each drum moves in the same direction as
the internal flow.

By use of the rotating drums, internal
flow separation at the reverserport en-
trance lip is eliminated, and large variations
in discharge coefficient are avoided when
the operating mode changes from cruise to
reverse thrust. By controlling the discharge
coefficient, engine stalls during reverse-
thrust operation can be avoided, the need
for additional port-area control can be
eliminated, and nozzle weight and complex-
ity can be reduced.

The same rotating drums can be used to
provide a variable reverse-flow exit angle,
and thus reverse-thrust magnitude, when
the blocker is deployed. This reverse-thrust
modulation is obtained by varying the rota-
tional speed of the drums, with reverse-

flow angle and reverse-thrust magnitude in-
creasing as a function of the increasing
rotational speed of the drums. Different
rotational speeds of the upper and lower
drums would result in unequal amounts of
reverse thrust from the upper and lower
ports and would provide a normal force
and pitching moment that could be useful
for airplane control augmentation during
low-dynamic-pressure flight regimes such
as in landing.

The rotating drums, whether used alone
or in conjunction with the bleed slots,
energize the nozzle boattail boundary layer
and delay external flow separation on the
nozzle boattail, thus reducing nozzle drag.
This effect would permit nozzle designs of
shorter length with steeper boattail angles.
Such nozzles would be of lighter weight
than current nozzles having similar levels of
nozzle drag.

In addition to the configuration shown in
the figure, this device would work equally
well on multiengine installations with other
nozzle or reverser designs and with revers-
er ports located on all four sides of the noz-
Zle. Also, if control of the reverser exhaust
angle is not required, a fixed drum rotation
speed could be used for control of internal
flow separation and discharge coefficient
during reverse-thrust operation. If control of
the external boundary layer is not required,
the bleed slots could be eliminated.

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

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Langley
Research Center[see page 29]. Refer to
LAR-13036.

Automatic Erection System for Antenna Masts

A telescoping mast does not require
the payout of guy wires under tension.

Langley Research Center, Hampton, Virginia

A proposed mechanism for erecting and
retracting an antenna mast is totally con-
tained within the mast. Locking systems
automatically secure the mast elements,
allowing the guy wires to be tensioned after
the element to which they are attached is
extended and locked. Thus, only a relatively
short length of the mast is unrestrained at
any time during the erection process, and
the guy wires do not have to be payed out
while they are under tension.

The mast elements can be either tubular
or open-truss. The new device is a separate
component built into the stack of telescop-
ing elements.

The figure shows the essential com-
ponents of the mast and its erection
system. A seven-element mast is shown,
but the principle can be applied to a much
larger number of elements [e.g., twenty
50+t (15-m) elements for a 1,00C-ft (305-m)
mast]. The bottom element is rigidly con-
nected to the base support, leaving six
elements to be raised. If N is the total
number of elements in the mast, there will
always be N-1 elements to be raised.

The erection mechanism, or “erector
column,” is represented by the grey shaded
area at the center of the stack of telescop-
ing mast tubes shown in the figure. It con-
tains four shuttles that move up and down
the length of the erector column. These
shuttles are guided by tracks and are pulled
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The Erection System is built into the stack of telescoping mast elements and is thereby

protected from the weather.
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by roller chains passing over sprockets at
the top and bottom of the column. The shut-
tles are individually driven by electric
motors at the base of the column. Four sets
of locking devices are mounted at the upper
end of the column. They automatically en-
gage their mating parts, which are mounted
on the tube bulkhead flanges. Unlocking is

either mechanically or electrically con-
trolled by an automatic selector.

The system can retract the column by
simply reversing the extension process.
Although this concept is based on a tele-
scoping tube mast, it is also applicable to an
open truss with only minor modifications.
However, the open truss would not protect

the system against the weather.

This work was done by Ronald Dayle
Dotson and Georges Guy Jacquemin of
Lockheed Missiles & Space Co., Inc., for
Langley Research Center. For further in-
formation, Circle 109 on the TSP Request
Card.

LAR-13115

Long-Life Cryogenic Cooler

Magnetic bearings and noncontacting seals would let a cooler
operate unattended at 65 K for more than 3 years.

Goddard Space Flight Center, Greenbelt, Maryland

A Stirling cycle cryogenic cooler would
operate unattended for more than 3years
to cool infrared detectors and other scien-
tific instruments. Its target operating tem-
perature is 65 K with 5 watts of refrigera-
tion load. The new cooler uses magnetic
bearings, small piston/cylinder clearance
seals, and linear motors. [Details of the
magnetic bearings appear in NASA Tech
Briefs articles ‘‘Magnetic Bearing Con-
sumes Low Power” (GSC-12517) and “Mag-
netic Bearing With Active Control”’
(GSC-12582) on pages 200and 201 of Vol. 6,
No. 2].

As the figure shows, the cooler consists
of compression and expansion sections
connected end-to-end. The compression
section houses a reciprocating hollow
piston driven by a linear motor [as described
in “Reciprocating Linear Electric Motor"
(GSC-12773), NASA Tech Briefs, page 108
of Vol. 8, No. 1]. The piston compresses the
helium working fluid; the interior of the

piston is vented to the motor housing to pre-
vent a pressure differential. To minimize the
power needed to run the cooler, the piston
bounces off gas springs and is driven at its
resonant frequency. The expansion section
houses another linear motor (smaller and

“less complex than the first) that moves the

displacer piston. The linear motors are
driven in response to the sensed outputs of
position sensors to sinusoidally reciprocate
the piston and the displacer in sequence.
Electronic circuits control the cooling cy-
cle. The circuits energize the magnetic
bearings and control the stroke amplitude
and the relative phase angle between the
compression piston and displacer. Controlis
accomplished through feedback signals
generated by position sensors coupled to
the piston and displacer. Each bearing con-
tains four orthogonally positioned elec-
tromagnets, and the bearings are selective-
ly energized, depending upon the outputs of
radial-position sensors. If the piston or

displacer goes to one side, the sensors
cause power to be applied to the electro-
magnet on the opposite side to pull it back to
a central position. Vibration of the cooler is
minimized by a spring-coupled mass that
moves in the opposite direction to counter-
balance the disturbance.

This work was done by Allan Sherman,
Max G. Gasser, and Philip Studer of God-
dard Space Flight Center and Alex
Daniels and M. Goldowsky of North
American Philips Corp. For further infor-
mation, Circle 106 on the TSP Request
Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive Ii-
cense for its commercial development
should be addressed to the Patent Coun-
sel, Goddard Space Flight Center [see
page 29]. Refer to GSC-12697.
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Magnetic Bearings Keep Piston and Displacer radially centered while preventing wear on cooler parts. On each end of the piston, be-
tween the piston and its housing, is a clearance seal — a reduced-clearance region. Located in the same area as the seals are position
sensors and magnetic bearings. The clearance seal for the displacer, located in the forward bearing area, causes most of the working
fluid to go through the regenerator. In the clearance-seal length, flow is through the center of the displacer. After the seal, radial flow
passages direct the fluid around the linear motor through heat-exchanger tubes, where heat is transferred to a cooling jacket.
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Mechanical Mixer for Rudder/Braking Wedge

Right and left rudder panels
are moved separately.

Lyndon B. Johnson Space Center, Houston, Texas

A mechanical mixer enables the
panels of a two-panel rudder to be
rotated in the same direction for steering
or in opposite directions for dynamic
braking (see figure). The steering and
braking inputs are separate so that any
combination of steering and braking mo-
tions can be executed simultaneously.

Each panel is connected to the output
of a separate differential. The braking in-
put is applied to the sun gears of the two
differentials through two large gears that
mesh with each other, each of which is
connected to one of the sun gears.
Since they mesh, the two sun gears and
the two differential output shafts rotate
by equal amounts in opposite directions
in response to a braking input. The
panels are rotated toward each other to
decrease braking or away from each
other to increase braking.

The steering input is fed to the ring
gears of the differentials. The two ring
gears are coupled through two large
gears with an idler gear between them.
Because of the idler, the ring gears and
the differential output shafts rotate in the
same direction by equal amounts in
response to a steering input.

Developed for aerodynamic braking
of the Space Shuttle orbiter, this kind of
steering/braking drive train and rudder
arrangement might be used for similar
purposes on aircraft, thereby reducing
the sizes of thrust reversers.

This work was done by Duane Grimm
of Sundstrand Energy Systems for
Johnson Space Center. No further
documentation is available.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Johnson Space Center [see page 29)].
Refer to MSC-20759.

PANELS ROTATED PANELS ROTATED
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NO STEERING, NO BRAKING FOR STEERING FOR BRAKING
LEFT RIGHT
PANEL PANEL
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Rudder Panels are rotated in the same direction for steering or in the opposite direction to
vary the degree of dynamic braking. The drive-train representation is schematic only to
illustrate the principle of operation.

Wide-Grasp Latching Mechanism

Fingers capture and clamp without

accurate positioning.

Marshall Space Flight Center, Alabama

A latching mechanism grasps a bar loca-

ted within a relatively wide envelope of pos- ance envelope reduces the accuracy with
which the object must be positioned for cap-

sible positions, retains the object, and
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releases it on command. The large accept- ture by the latch.
Fingers move out of the body of the

mechanism. When fully extended, the
141



fingers accommodate a cubic capture en-
velope measuring approximately 5 inches
(12.7 centimeters) on a side. As the fingers
retract, they capture and clamp a bar
located anywhere in that envelope and
move it to a precise locked position. In
releasing the bar, which is usually a trunnion
attached to a large object, the fingers return
to their fully extended position, retaining and
controlling the bar before finally freeing it.

A rack and pinion drive the fingers. A
worm/spur gear, powered by aworm gear at
a 90° angle, drives the rack and pinion. The
movement of the fingers can be halted at
any point in the latching and unlatching se-
quence.

This work was done by Malcolm F.
Nesmith of Marshall Space Flight
Center. For further information, Circle 67
on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Marshall Space Flight Center [see page
29]. Refer to MFS-28002.

In their Fully Open Position, fingers en-
compass a large envelope. When activated
by the rack and pinion, the fingertips move
together, thereby grasping an object with-
in the envelope.

OPEN
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Cutthrough Waming Circuit

Damage to an underlying
layer is averted.

Marshall Space Flight Center,
Alabama

A simple, inexpensive electrical cir-

cuit prevents overcutting when one of -

two close parts must be cut away; for ex-
ample, when a liner must be removed
from the wall of a chamber. The circuit
can be used where there is enough
space between the liner and the wall for
the insertion of a shim before machining.

The shim is made of metal coated with
polytetrafluoroethylene or other suitable
insulator. The shim metal is connected
through an insulated wire to a 6-volt bat-
tery, a warning light, and a metal part of
the air motor that drives the liner cutter
(see figure). This dc series circuit is nor-
mally open.

When an operator cuts through the
liner and a polytetrafluoroethylene layer
on the shim, the cutter blade contacts the
interior metal of the shim and completes
the circuit. The warning light is thereby
turned on, alerting the operator that the
liner has been penetrated, and cutting
should stop. The operator is warned
against damaging the chamber wall.

This work was done by R. D. McKown
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The Contact of the Cutter Blade with the metal shim completes a circuit that warns the
cutting-tool operator to stop. The tool is thus prevented from cutting into the structural

wall.

of Rockwell International Corp. for
Marshall Space Flight Center. No fur-

ther documentation is available.
MFS-19900
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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.

Remotely Piloted Aircraft
for Research

Controlled from the ground,
these vehicles allow new
concepts to be tried
without subjecting pilots

to danger.

A NASA Technical Memorandum pre-
sents an overview of remotely-piloted re-
search vehicle (RPRV) activities. RPRV's
are aircraft controlled via a radio link by a
pilot on the ground. Unlike military drones,
an RPRV is intended to explore unknown
engineering areas that cannot be ex-
plored by autopilots or preprogramed
control systems. The pilot's job is to
establish the appropriate flight conditions
for maneuvers and to recover from them;
the pilot has complete responsibility for
determining emergency options and eval-
uating vehicle performance and handling
qualities.

The paper is primarily concerned with
RPRV's for testing relatively-untried, high-
performance aircraft. The history of
RPRV's is reviewed, the development of
RPRV'’s as flight-test tools is discussed,
and system configurations are presented.
Solutions derived from human factors ex-
perience with RPRV’s are summarized.
Visual displays, which are a critical
feature of successful RPRV flights, are
also discussed.

The nucleus of the RPRV test facility
described in the paper is a laboratory con-
taining several computers for preflight,
checkout, and flight support. Also in the
laboratory are telemetry equipment, ultra-
high-frequency and very-high-frequency
communications, and control cockpits
augmented with graphical displays, x-y
plotters, and input/output devices. Tele-
vision cameras on the RPRV's provide the
ground pilots with the necessary visual
cues. Analog control signals from the
cockpit are sent, along with feedback
signals from the RPRV, to one of the com-
puters. These signals are processed ac-
cording to control laws programed in the
computer. The processed control signals
are encoded and transmitted to the RPRV.

Since 1969, RPRV's as flight-test tools
have evolved continuously. The systems
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now in regular use are sophisticated and
adaptable. They are capable of emulating
a variety of aircraft in a broad range of
flight regimes using a number of control
and display systems. The critical role of
the pilot in flight testing with RPRV's has
been demonstrated repeatedly, and many
system anomalies have been uncovered
with no risk to human life.

This work was done by Terrence W.
Rezek of Ames Research Center. Fur-
ther information may be found in NASA
TM-84913 [N83-27978/NSP], “Un-
manned Vehicle Systems Experiences at
the Dryden Flight Research Facility”
[$7). A copy may be purchased [prepay-
ment required] from the National Techni-
cal Information Service, Springfield, Vir-
ginia 22161.

Inquiries concerning rights for the
commercial use of the technology de-
scribed in this report should be addressed
to the Patent Counsel. Ames Research
Center [see page 29]. Refer to
ARC-11498.

Sensitivities of Soap
Solutions in Leak
Detection

Bubbles are formed at
smaller leak rates than were
previously assumed.

A document describes a method for
determining the minimum leak rate to
which soap-solution leak detectors are
sensitive. Previously, the minimum rate
was assumed to be 0.25 stdin.3/min
(7 x 102 stdcm3/s). The method shows
that the minimum is actually less than
one-tenth that value.

Soap-solution leak testing is widely
used in aerospace and commercial prod-
ucts. The solution is brushed on the joint
to be tested while the vessel in question
contains helium under pressure. If no
bubbles appear, it is assumed that the
leakage through the joint is acceptably
low. Precisely how low has not been
quantified until now, however. A variety
of pressurized systems should benefit

as a result, including natural-gas pipe-
lines, refrigeration units, welding-gas
manifolds, and hospital/oxygen systems.

The document is based on tests of six
flange-type connectors ranging in diam-
eter from 0.810 9.15in. (2.03 to 23.24 cm).
Each seal was intentionally damaged by
making a single small mark across the
seal tip with a knife. The leak rate was
varied by adjusting the torque on the con-
nector bolts. During a test, a joint was
placed in an enclosure from which a tube
directed leaked helium to a water-dis-
placement measuring device that indi-
cated the leak rate.

Measurements were made at two
helium-pressure levels [25 and 40 psig
(172 and 276 kPa gage)), with two types of
soap solution and in two joint orientations
(horizontal and vertical). These tests yielded
data on the minimum leakage rate that
could be indicated by soap bubbles. Addi-
tional measurements at increments of pres-
sure up to the maximum pressure rating
[6,800 psig (47 mPa)] of the cells under test
yielded data on leakage rate as a function of
pressure.

With specific values dependent on joint
type and orientation, minimum leakage
rates for producing soap bubbles range
from 0.0007 to 0.015 stdin.3/min (2 x 104
to 41 x 104 stdcm3/s) measured at 25
psig pressure. For 40 psig pressure, the
range for the same joint conditions was
0.002 to 0.029 stdin.3/min (5% 10-4 to
79 x 10-4 stdcm?3/s). In the leakage-
vs. -pressure tests, maximum leakage
occurred at the 2,000 to 4,000 psig (14 to
28 MPa) range. In addition to presenting
test results, the document discusses the
effects of joint-flange configurations, the
properties of soap solutions, and correla-
tion of the test results with earlier data.

This work was done by D. E. Stuck, D.
Q. Lam, and C. M. Daniels of Rockwell In-
ternational Corp. for Marshall Space
Flight Center. 7o obtain a copy of the
document, “Quantifying Leak Test Soap
Solution Flowrate Sensitivity Thresholds, "
Circle 87 on the TSP Request Card.
MFS-19864
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Acoustic and electromagnetic
fields would be applied.

Hybrid Contactless Heating and Levitation

NASA’s Jet Propulsion Laboratory, Pasadena, California

A contactless material-processing con-
cept involves the levitation, heating, and
cooling of a sample of material through the
coordinated use of electromagnetic and
acoustic fields. The electromagnetic field
would be used for both levitation and
heating, while the acoustic field would be
turned on to levitate the sample whenever
the electromagnetic field must be weak-
ened below the minimum strength required
for levitation.

Radio-frequency (RF) power is applied
to a coil in the levitation apparatus. Eddy
currents induced in.the sample by the RF
field heat the sample and interact with the
RF field to levitate the sample. The acous-
tic field can be applied simultaneously to
increase the levitation stability, or the
amplitude of both fields can be adjusted
incrementally to provide various combin-
ations of levitating, heating, and cooling
effects.

The steps of a representative alloying
process might be as follows (see figure):
1. The ingredients are placed in the electro-

magnetic levitating/heating field for initial

contactless alloying.

2. Atfter the alloy is formed, the RF power is
reduced to lower the temperature.

3.When the RF power reaches the mini-
mum required for levitation, the accustic
levitator is turned on and the RF power is
further reduced until the desired lower
temperature is reached. (For rapid cool-
ing, the RF power might be turned off
altogether and the coil removed from the
acoustic field.)

Many variations are possible; for exam-
ple, heating and cooling gradually or in
specified increments, maintaining a speci-
fied temperature for a preset interval, and
alternating cycles of heating and cooling.
The apparatus could provide rapid heating
and cooling or slow heating and cooling for
such processes as nucleation, crystalli-
zation, incubation, deep undercooling, and
heterogeneity control.

This work was done by Mark C. Lee of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 30 on the TSP Request Card.
NPO-15657
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In this Contactless Processing Apparatus, acoustic and electromagnetic levitating fields
are employed alternately or simultaneously with the amplitude of each controlled to pro-
duce various combinations of heating, cooling, and levitation.
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Photovoltaic-Panel Laminator

A two-piece unit heats and presses
protective layers to form a laminate.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A two-chamber laminator encapsulates
strings of solar cells to form panels for
photovoltaic arrays. The encapsulation
helps to protect the cells from the environ-
ment and to ensure long panel life while
allowing efficient generation of electricity
from Sunlight.

The two chambers are separated by a
rubber diaphragm (see figure) that serves
as a gasket to maintain a pressure dif-
ference between the chambers or, with
the chambers at the same pressure, be-
tween them and the atmosphere. The
solar cells and their interconnections are
placed on a grating in the lower chamber,
between two layers of polyvinyl butyral
that in turn are sandwiched between a
layer of glass on the bottom and Tedlar (or
equivalent) on the top.

The upper chamber is placed on the
lower one, and the lower chamber is
evacuated. Atmospheric pressure in the
upper chamber presses the diaphragm
against the solar-cell assembly. The upper
chamber is then evacuated so that the
diaphragm returns to its neutral position,
and the infrared heater is energized. The
heater warms the assembly so that the
plastic layers soften and bond to the
glass, the solar cells, and each other.

Next, the heater is turned off. The up-

TEDLAR

RUBBER VALVE TO UPPER VACUUM  (OR EQUIVALENT) SOLAR-CELL
DIAPHRAGM  ADMIT AIR CHAMBER BACK COVER CIRCUIT
POLYVINYL BUTYRAL
TO
VACUUM
PUMP
y
S (R A M o s W) O s S (] Y 58 Y 5, /3 15 B e
\ll\llllllllll IlllllllllJI\‘HH‘[
LOWER LAMINATE-SUPPORTING GLASS INFRARED
VACUUM GRATING SUPERSTRATE HEATER
CHAMBER

The Rubber Diaphragm Between the Upper and Lower Vacuum Chambers alternates be-
tween a neutral position and one that presses against a solar-cell array, supplying the
distributed force necessary to press the layers of the laminate together.

per chamber is returned to atmospheric
pressure, thereby causing the diaphragm
to press the assembly together into a
laminate while it cools. Finally, the lower
chamber is returned to atmospheric
pressure, and the completed solar-cell

panel is removed.

This work was done by Richard Keenan
of Arco Solar, Inc., for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 26 on the TSP Request Card.
NPO-16092

Series Connection of Solar Cells

Roll soldering forms a continuous

string of cells.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

An automatic, continuous process
attaches interconnecting strips to a
series string of silicon solar cells. The
manufacturing process attaches each
conductor from the positive side of one
cell to the negative side of the next. For
reliability, 22 contacts are soldered on
each side of each cell.

Solder paste is applied to the cell,
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and the copper interconnecting ribbons
are placed on the cells. The cells are
heated by an infrared lamp to a temper-
ature of 220 = 20° C. The heat melts
the solder. Compliant rollers press the
ribbons against the top and bottom of
the cell. As each cell passes through
the rollers, it cools; the molten solder
solidifies, bonding the ribbons securely

to the wafer.

This work was done by Richard
Keenan of Arco Solar, Inc., for NASA’s
Jet Propulsion Laboratory. For further
information, Circle 10 on the TSP Re-
quest Card.

NPO-16091
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Perforating Thin Metal Sheets

Sheets only a few mils thick are

bonded together, punched, then debonded.

Ames Research Center, Moffett Field, California

Metal sheets and foils as thin as 0.003
inch (0.076 mm), are perforated by a
mechanical punch with the aid of a new
technique. Previously, such foils were
perforated while they were 10 times
thicker, and excess material was then
removed by chemical milling.

The perforation technique was de-
veloped for fabricating a conductive
layer on blankets that collect and re-
move ions; however, perforated foils
have other applications — as conduc-
tive surfaces on insulating materials;
stiffeners and conductors in plastic lami-
nates; reflectors in antenna dishes; sup-
ports for thermal blankets; lightweight
grille cover materials; and material for
the mockup of components.

The new technique is performed in
three steps (see figure). Many sheets —
10 or more — of the foil are bonded with
a heat-degradable adhesive, so that the
composite is thick enough to withstand
the perforation process without tearing
or crumpling. The laminated foil is then
perforated in a punch press. Finally, the
bonding adhesive is removed by baking
in an oven, yielding individual perforated

STEP 1

A Three-Step Process yields perforated sheets of metal. Step 1: Individual sheets are
bonded together to form a laminate. Step 2: The laminate is perforated in the desired
geometric pattern. Step 3: After baking, the laminate separates into individual sheets.

sheets of the requisite thickness.

This work was done by Milton E.
Davidson of Hughes Aircraft Co. for
Ames Research Center. No further
documentation is available.

Inquires concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center [see page 29].
Refer to ARC-11280.

Precise Fabrication of EIectromagnetic-Levitation Coils

Winding copper tubing on a jig ensures reproducible performance.

Marshall Space Flight Center, Alabama

A method for winding induction coils
for electromagnetic levitation is both fast
and consistent. The previous method of
manual freehand winding required a full
day to fabricate one coil and half of all
coils performed unsatisfactorily. The new
method, in contrast enables a technician
to produce eight coils per day, and 95
percent of them are acceptable. The
new method employs a precise step-by-
step procedure on a specially-designed
wrapping and winding jig.

The coils are used for containerless
processing of metals. A multikilowatt in-
duction generator operating at a fre-
quency of 400 kilohertz furnishes power
to a coil. The coil induces eddy currents
in a metal specimen. The interaction be-
tween the eddy currents and the coil
current produces magnetic forces that
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levitate the specimen within the coil. At
the same time, heat from the eddy cur-
rents melts the specimen. The molten
globule can then be manipulated and
processed without coming into contact
with tools or vessels.

Efficient inductive coupling between
the coil and the specimen is essential.
Coupling is affected by the total length of
the coil, the diameter of the turns, the
tightness of the turns, and the spacing of
the turns. Not surprisingly, fabrication of
coils has been something of an art; an
operator trying to wind several “iden-
tical” coils would find that not all coils
performed in the same way. A few coils
might efficiently levitate and melt a
specimen, while others might levitate
the specimen but not melt it.

The new method eliminates these

vagaries. A 36-inch (91.4-centimeter)
length of precision-bore copper capillary
tubing is cut, placed on the jig, and sub-
jected to the sequence of bending oper-
ations shown in the figure. After the
bends have been made, the mandrel is
disassembled so that the coil can be
removed. The caoil is finished by solder-
ing to its ends connectors for insertion in
the induction-furnace receptacles. The
tube is then cut flush with the ends of the
connectors.

The coils made by this method have
levitated and melted a variety of metals
and alloys including copper, silver, sil-
ver/nickel, copper/iron, iron/carbon, and
niobium/germanium. The highest melting
temperature attained was 2,400° C (with
Nb/Ge).

This work was done by E. C. Ethridge,
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P. A. Curreri, and J. Theiss of Marshall TSP Request Card. be addressed to the Patent Counsel,
Space Flight Center and G. J. Inquires concerning rights for the  Marshall Space Flight Center [see page
Abbaschian of the University of Florida. commercial use of this invention should ~ 29]. Refer to MFS-25986.

For further information, Circle 42 on the

BOLT FOR
HOLDING MANDREL
TOGETHER

BUCKING
(UPPER)
COIL MANDREL

LEVITATION/HEATING
(LOWER)
COIL MANDREL

FIRST BEND
—%0° ——

SECOND BEND

7
]

\ FORMING
s BLOCK

This Sequence of Steps insures the consistent fabrication of levitation-and-melting coils. Step 1: forming inner part of lower coil. Step 2: forming
outer part of lower coil. Step 3: beginning loop between upper and lower coils. Step 4: completing loop. Step 5: winding upper coil. Step 6: positioning
ends of coil for attachment of connectors.
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Screw-Retaining Allen Wrench

Steadying screws with
the fingers is unnecessary.

NASA's Jet Propulsion Laboratory, Pasadena, California

A wire spring at the end of an Allen
wrench holds a screw while it is inserted or
removed. The tool can be used with Allen-
head screws in cramped spaces where
there is little or no room for the fingers to
hold the fastener while it is turned by the
wrench. A tool of the same function but dif-
ferent design is described in “Padded Allen
Wrench Grips Fasteners,” NASA Tech
Briefs, Vol. 7, No. 2 (Winter, 1982), p. 191.

The spring lies in a groove in the wrench
(see figure). A crimp near the end of the
spring protrudes slightly from the groove.
The opposite end of the spring is anchored
in a transverse hole through the wrench.

When the wrench is inserted in the
socket of a screwhead, the crimp is
pressed into the groove and thus exerts a
force on the socket wall. The force
prevents the screw from sliding off the
wrench, regardless of the wrench orienta-
tion. The spring thus retains the screw
while the screw is started into a threaded
hole or while it is extracted from the hole.
The wrench is separated from the screw
by pulling it axially from the socket while
the screw is held by the threaded hole or
by the user’s fingers.

This work was done by Dan Granett of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 78
on the TSP Request Card.

Inquires concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, NASA
Resident Office-JPL [see page 29].Refer
to NPO-16275.

DRILLED
HOLE

7
7

GROOVED END OF ALLEN WRENCH
FOR RECESSING SPRING WIRE

SPRING
WIRE

SPRING WIRE
PUSHING AGAINST
BOLT SOCKET

A Crimp in the Uncompressed Spring Wire slightly protrudes from one facet of an Allen
wrench (top). Compressed, the spring retains an Allen screw (bottom).
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Making Stronger Twine With Matched Strands

Higher tensile strength is achieved
with the same production equipment.

Lyndon B. Johnson Space Center, Houston, Texas

Strong twine is made by using matched
spools in the second step of a two-step
manufacturing process. The technique has
been used successfully in the manufacture
of safety netting with 600- to 700-b
(2,700-to 3,100-N) tensile strength and a
60-ton (54 x 103 kg) tuna seine with an area
of 86 acres (3.5 x 105 m2). The safety net is
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part of the ground support equipment at the
Space Shuttle launch complex.

In the first manufacturing step, single fila-
ments are twisted together at high speed to
form a primary strand that is wound onto a
spool. Several primary stranding machines
are usually operating at the same time, each
producing a primary strand that differs

slightly from the others in tension and twist
because of slight mechanical differences
among the machines.

In the second stage, three primary
strands are twisted together in the opposite
direction to form a three-ply twine. Normally,
the three primary spools that feed the sec-
ondary twisting machine are selected at
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random. The process improvement con-
sists of selecting three spools from the same
primary twisting machine.

The increase in strength of the finished
twine is due to a change in the way the fibers
break. In conventional twine, the individual
fibers in the three strands are under slightly
different tensions. Under a severe load, the
tightest fibers break first, transferring the

load to the second tightest fibers, which then
break, and so on: The twine thus ruptures in
a sort of chain reaction.

With matched primary strands, all the
fibers lie next to each other under more
nearly the same initial tension. Consequent-
ly, all fibers bear more nearly the same ten-
sile load, and all approach the breaking ten-
sion together at a higher overall load. The

increase in the tensile strength of the com-
pleted twine was found experimentally to be
10 to 12 percent.

This work was done by William L. Kirkland
of West Coast Netting, Inc., for Johnson
Space Center. For further information, Cir-
cle 102 on the TSP Request Card.
MSC-20444

Universal Cable Brackets

Concept would allow routing
to be easily changed.

Marshall Space Flight Center, Alabama

A concept for “‘universal” cable brack-
ets would make it easy to route electrical
cable around and through virtually any
structure. No custom hardware is re-
quired in the concept. Instead, standard
brackets are cut to length and installed at
selected locations along the cable route.
If a cable route is changed, then the
brackets are simply moved to the new
locations.

The bracket, made of extruded alumi-
num, would be cut to lengths correspond-
ing to distances between structural mem-
bers. Holes would be drilled or punched
to accommodate fasteners for attach-
ment to the structure (see figure). Keylike
appendages on cable clamps would fit in
channels on the brackets. The brackets
would be stackable so that the cables
could cross.

The scheme makes it unnecessary to
design brackets specifically for a cable
route, to generate separate drawings and
documentation for each bracket, and to
make modifications on part drawings and
layouts. Instead, only a single set of
bracket drawings would be needed. All
documentation and tabulation for a cable
route would appear on the assembly-level
drawing. Modification of a cable route
would require changing the assembly
drawing only.

This work was done by Charles
Vanvalkenburgh of Essex Corp. for Mar-
shall Space Flight Center. For further
information, Circle 40 on the TSP Re-
quest Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel, Mar-
shall Space Flight Center [see page 29].
Refer to MFS-26001.
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This Clamp Assembly illustrates one of several possible configurations, all based on
keys in bracket channels. Like the brackets, the clamps would be in standard sizes to
accommodate a variety of cable thicknesses.
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Bonded and Bolted Graphite/Polyimide Composite Joints
Four types of high-temperature joints

are designed for control surfaces.

Langley Research Center, Hampton, Virginia

Advanced designs for high-speed air-
craft and space transportation systems re-
quire efficient structures for operation in the
500° to 600° F (260° to 316° C) tempera-
ture range. Design concepts and data for
bonded and/or bolted composite joints are
needed to support advanced structural
development.

Design, analysis, and testing were per-
formed to develop four types of graphite/
polyimide bonded and bolted composite
joints for lightly loaded control surfaces on
advanced transportation systems that
operate at temperatures up to 550° F
(288° C). Approximately 10 concepts were
analyzed for each of the 4 generic attach-
ment types shown in the figure.

The Type 1 attachment is typical of an
attachment in the sandwich shell at a rib or
spar interface of an aerodynamic surface
such as a wing or control surface. The
Type 2 attachment is typical of the attach-
ment occurring at an unloaded edge of a
wing or aerodynamic surface. The Type 3
attachment is typical of a localized attach-
ment of a metallic plate to a composite
sandwich structure: The attachment is sub-
jected to relatively large in-plane forces that
must be distributed to the sandwich face
sheets. The Type 4 attachment is similar to
the Type 1 attachment in that it connects
members that are perpendicular; however,
the cover panels are not spliced in the Type
4 attachment, and the applied load levels
are well below those required for the Type 1
attachments.

Tests of the final joint concepts demon-
strated that both bonded and bolted graph-
ite/polyimide joints can be designed and
fabricated to carry loads up to 3,200 Ib/in.
(560 kN/m) at 550° F (288° C). Further, a
bolted design (not shown) attaching graph-
ite composite to titanium carried nearly
12,000 Ibfin. (2,100 kN/m). The bonded
joints demonstrated fabrication advantages

BONDED

L

TYPE 1

TYPE 2

\ BOLTED .

TTTTITIIE B T

g I

TYPE4

Four Attachment Types are representative of joints of lightly loaded control surfaces of

advanced transportation systems.

over bolted joints. Bonding proved to be
faster and thus less costly than the pro-
cedures required for a bolted joint. How-
ever, bolted joints offer advantages in relia-
bility and repairability.

This work was done by Donald E.
Skoumal and James B. Cushman of Boeing
Aerospace Co. for Langley Research
Center. Further information may be found

in NASA CR-3601 [N83-16786/NSP], “De-
sign, Fabrication and Test of Graph-
ite/Polyimide Composite Joints and Attach-
ments”'[$11.50). A copy may be purchased
[prepayment required] from the National
Technical Information Service, Springfield,
Virginia 22161.

LAR-13090

Spray Application of Rapidly Solidified Metals

A fast and economical process

is now available.

Goddard Space Flight Center, Greenbelt, Maryland

A new process applies rapidly solidi-
fied (RS) metal coatings to substrates. RS
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metals are made directly from molten
material. They have amorphous or micro-

crystalline structures and yield coatings
having superior wear and corrosion
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resistance.

Previous methods of applying RS
metals as coatings for large areas have
been expensive or difficult. Such meth-
ods include ion plating, laser glazing, and
ion implantation. The new process, which
employs shot peening, is safe, fast, and
inexpensive. A mixture of RS metal
powder and peening particles is sprayed
from a nozzle against the surface to be
coated. The powder and peening parti-
cles strike the surface simultaneously,
and the impact bonds the powder to the
surface as a uniform coating.

The process may be carried out in a
peening apparatus. The powder and par-
ticles can be mixed in a hopper before
spraying. Glass beads make good peen-
ing particles.

The RS metal may be aluminum, titani-
um, nickel, iron, and other alloys. New RS
powders are continually being devel-

oped. The powder size required in a
specific application depends on the
speed of the process and the intended
thickness of the coating. However, the
metal-particle size should be no larger
than half that of the peening particles.

A variety of materials may be used as
substrates. Examples include such
metals as copper, steel, magnesium, and
aluminum; Two or more different RS
powders may be introduced into the
peening particle stream simultaneously
or alternately.

The process can precondition the sub-
strate surface by spraying with peening
particles alone before the powder is intro-
duced into the stream. For example, the
substrate may be cleaned by a gentle,
stream of peening particles to remove
rust, scale, or paint to improve adhesion
of the coating. Or the surface-may be
peened by a forceful jet of particles to

create beneficial compressive stresses
in the substrate, thereby improving its re-
sistance to fatigue and stress corrosion.

The substrate may be moved automat-
ically into the spray paths of several
nozzles in sequence. A variety of surface
preparations can thus be performed and
a sequence of layers deposited.

This work was done by Huai-Pu Chu
and Charles L. Staugaitis of Goddard
Space Flight Center. For further infor-
mation, Circle 18 on the TSP Request
Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Goddard Space Flight Center
[see page 29]. Refer to GSC-12880.

Cutting Guide for Fibrous Sheets

Tool facilitates repetitive
cutting of fibrous sheets.

Lyndon B. Johnson Space Center, Houston, Texas

Strips can be cut from rolls of fibrous
materials easily and accurately with the
aid of a new tool. Previously, such hargd-
to-handle material had to be measured,
marked, and cut one strip at a time. With
the new tool, many strips can be cut in
one setup, and total job time is reduced
by two-thirds. Developed for cutting
strips of alumina-fiber matting, the tool
can also be used on such materials as
felts, textiles, and sheet metals.

The tool consists of a flat plate of
stainless steel to which a series of
stainless-steel strips are attached by
aluminum tape. Each steel strip is as wide
as the strip to be cut. The user simply
runs the cutter along the length of the
outer strip to sever a strip of material. The
user then turns back the steel strip to the
top of the adjacent steel strip and makes
another cut (see figure). In this way, the
user can cut the material into strips of
uniform width in quick succession.

The tool has been used to cut rolls of
alumina fiber matting 50 ft long, 2 ft wide,
and 1.5in. thick (1,524 by 61.0 by 3.8 cm).
For this purpose, the tool base was 4 by
32 in. and was 0.32 in. thick (10.2 by 81.3
by 0.08 cm). The tool had sixteen strips,
each 0.25 in. (0.6 cm) wide. Thus, 0.25-
inch-wide strips can be cut from the mat-
ting. Alternatively, the user can fold back
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two, three, or more strips ata time and cut
the matting in widths of 0.5 in. (1.3 cm),
0.75in. (1.9 cm) or more.

This work was done by Aubrey D.

Warren of Rockwell International Corp.
for Johnson Space Center. No further
documentation is available.

MSC-20798
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in inches (millimeters).

Flexible Aluminum Tape allows metal strips to be folded back on themselves, exposing
fresh material for cutting. More than one strip may be folded back, and the cutting width
can therefore be increased in multiples of the strip width.
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Copyboafd Quickly Makes Clean Printing Plates

Vacuum-chuck eliminates glass
and sponge artwork support.

Ames Research Center, Moffett Field, California

A copyboard for printing shops keeps
a camera-ready original clean and in the
proper position for making plates. The
copyboard is intended for use on an
electrostatic platemaker consisting of a
lighttight plate container, processing
tank and dryer, lamps to illuminate the
copyboard, and a camera lens focused
on the copyboard.

The camera-ready original — a draw-
ing, photograph, or page of text — is
placed face up on the copyboard, illumi-
nated by the lamps, and photographed
by the camera. After developing, the
plate made by the camera is used direct-
ly on a printing press.

With the previous copyboard, the orig-
inal is placed on a white spongy mat con-
taining light-blue positioning lines. A
glass plate is swung down over the origi-
nal, pressing it against the mat. The orig-
inal is then photographed through the
glass. Three surfaces — the two sides of

the glass plate and the mat — must be
kept scrupulously clean so that specks
and smudges do not appear on the
photographic plate.

The original tends to jump out of place
when the glass is lowered or raised, and
the calibration lines on the mat are
easily obliterated. Because of these diffi-
culties, the image alinement often must
be corrected, and the plate must be
cleaned up while it is on the press. With
the new copyboard, these time-
consuming and costly procedures are
unnecessary.

The new copyboard consists of a box
having a clear plastic top and white
bottom (see figure). The camera-ready
original is placed face up on the clear
top plate, which contains holes of
1/32-in. (0.80-mm) diameter [the hole
size is optional — 1/16-in. (1.59-mm)
may be more suitable for some opera-
tions] spaced about 1 inch (2.54 centi-

meters) apart. The interior of the box is
connected by a hose to a vacuum pump.
When the pump is turned on, via a con-
venient foot switch, the original is drawn
against the top plate. A bleed valve
allows adjustment of the partial vacuum
in the box. Posts within the box prevent
the top plate from sagging toward the
base, ensuring a level, distortion-free
surface for photography. Posts and
holes are precisely located to accom-
modate standard paper sizes.

Calibration lines are scribed lightly in
the top plate so that the original can be
positioned for the proper reduction or
enlargement. The calibration lines are
fine enough so that they do not appear
on the finished plate.

This work was done by William D.
Balandis of Ames Research Center. No
further documentation is available.
ARC-11365
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Vacuum Copyboard allows a camera-ready original to be slid on the top plate for proper positioning, then holds it securely for photo-
graphy. The bleed valve allows the vacuum in the copyboard box to be adjusted for small or large originals.
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SCIENCE_~SCOPE

Two communications satellites rescued by NASA'’s space shuttle in November are being refurbished to
be launched again. The spacecraft were brought back to Earth after shooting into wayward orbits nine
months earlier when their rocket motors misfired. Spacecraft controllers at Hughes Aircraft Company
spent months taming the satellites and bringing them into orbits low enough that they could be reached
by the shuttle. Their efforts were the most sophisticated series of orbital maneuvers ever attempted. In
addition, Hughes and NASA engineers worked tirelessly to develop hardware that permitted the actual
recovery. The satellites emerged in good condition. Most of the electronics were never turned on, but
certain items—batteries, thermal blankets, and thrusters—are being replaced.

Pilots of future aircraft may rely on artificial intelligence systems to help them assess combat
situations and take appropriate offensive or defensive actions. Hughes engineers are conducting studies
for the U.S. Air Force on potential uses of artificial intelligence for fire control and battle

management. One focus is how to identify targets automatically and present this information for a
pilot’s use. Another aspect involves tactical analysis, including decision-making that advises a pilot
whether to attack, flee, apply electronic countermeasures, or fly low-altitude routes. New automation
techniques may be necessary for pilots to cope with the fire control systems now being designed for the
next generation of military aircraft.

The feasibility of turning sea water into electricity is being studied in fusion energy experiments at

- Kyoto University in Japan. The studies involve a Hughes gyrotron, a microwave tube that uses a
spiraling stream of electrons to produce extremely high power microwave frequencies. Fusion energy
holds tremendous potential because its source of fuel (hydrogen) can be extracted from sea water. It
could produce large amounts of power with little or no radioactive waste and no threat of meltdown or
explosion. In fusion energy research, the gyrotron’s high-power radio waves heat hydrogen particles
(plasma) to temperatures of tens of millions of degrees. These particles fuse under pressure, causing a
thermonuclear reaction that provides energy for driving steam turbines.

A new 5-volt-only, 256-bit nonvolatile random access memory combines the data retention capabilities
of an EEPROM with the convenience of a CMOS RAM. The Hughes circuit, designated H13500, is
designed for such applications as reconfigurable systems and fault protection without battery back-up.
It is organized as 64x4 bits. Both the read and write operations are performed as in a standard CMOS
RAM. A single store operation transfers all data in the RAM cells in parallel to the background
EEPROM array. The recall operation restores data in parallel to foreground RAM cells.

A broad spectrum of technologies, many of which grew up within the past five years, are represented
in the products of Hughes Industrial Electronics Group. Six divisions and two subsidiaries, each
operated like a small high-tech company but backed by resources of its multibillion-dollar parent,
offer career benefits to qualified engineers and scientists. Advancing technologies such as microwave
and millimeter-wave communications, silicon and GaAs solid-state circuitry, fiber optics, and image
processing equipment are pursued in facilities located in many of Southern California’s most desirable
coastal communities. Send your resume to B.E. Price, Hughes Industrial Electronics Group, Dept. S3,
P.O. Box 2999, Torrance, CA 90509. Equal opportunity employer. U.S. citizenship required.

For more information write to: PO. Box 11205, Dept. 67-8, Marina del Rey, CA 90295




Algorithms for Software Development

A management aid makes changes obvious.

NASA's Jet Propulsion Laboratory, Pasadena, California

A set of algorithms aids in controlling
software development and mainte-
nance. With the algorithms, the people
responsible for making changes in pro-
grams can easily spot differences be-
tween a current version and previous
ones. When they are given a new
release of a large program, for example,
they can readily identify new features
without rereading the entire document.
Moreover, managers can determine the
rate of development and the amounts of
new code, modified code, and reused

“unmodified code. In addition, managers
can control the issuance of new ver-
sions, ensuring that only the prescribed
form is released to customers.

The algorithms can be applied
whenever it is possible to attach a six-
character code to each record of the
source files. (The code is placed within
delimiters that cause a compiler to ig-
nore the code field.) The code contains
two characters for a check sum of the
record, two for the record number in the
file, and two for the date on which the en-
coding took place. Once the source file
has been coded in this way, it is possible
to detect the following transactions:
¢ Addition of new records,
*Modification of existing records,
*Deletion of records,

*Movement and duplication of existing
records, and .

sModification and duplication of
records.

In addition, it is possible to extract a
history of record creation and modifica-
tion by date. A file-listing program prints
the file records without showing the six-
character version codes, but places a
“‘change bar” at the right margin
whenever a change is detected. The
program also lists changed pages.

The programer uses a text editor to
build and modify program and documen-
tation source files (see figure). At regular
intervals, these source files are submit-
ted to the encoding program, which
checks each line for the correct check
sum. When the check sum is correct —
that is it matches the check sum in the
code supplied in an earlier run — the
date is not changed. If the check sum is
in error, the current date is inserted in
the date code. Thus, after each run of
the encoding program, the source file
has a correct check sum code, correct
sequence number code, and a date for
each line in the file.

Subsequent editing of the file may
create new lines, delete old ones, modify
characters, move lines, or copy (reuse)
existing lines. The combination of the
three elements of the line code permits
all of these transactions to be detected.

This work was done by Robert C.
Tausworthe of Caltech for NASA’s Jet
Propulsion Laboratory. For further in-
formation, Circle 23 on the TSP Request
Card.

NPO-16079

TO COMPILER OR
OTHERS USING PROGRAM

One Key Element in This Scheme for Software Development Control is check summing. If
the check sum for a given line in a source file is different from that of the previous version,

it is evident that a change has been made.
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Simplified Worst-Case Analysis of Complex Systems

Statisical method avoids
excessive computer time.

Lyndon B. Johnson Space Center, Houston, Texas

In nonlinear systems comprised of
many subcomponents, each subcompo-
nent has an ideal operating point and an
allowed tolerance for deviations around
that ideal. Part of the analysis of such a
system involves determining whether or
not the deviations could combine to drive
the system as a whole out of tolerance.
This might happen, for example, if all
deviations are near their maximum limits
and they add in phase.

Such an analysis requires a certain
amount of intuition on the part of the
designer and involves invoking probability
theory to determine the chances that at
any given instant the subcomponent devi-
ations will add up to an out-of-tolerance
‘condition. For a complex system, this
analysis can be quite difficult.

A new technique reduces the com-
plexity and expense of worst-case anal-
ysis of nonlinear systems having many
components. The technique involves a
simplified Monte Carlo simulation of the
system with randomly chosen parame-
ters and a comparison of the tolerance
extremes of several of worst-case situ-
ations found. The resulting combination
of tolerance extremes is then used in a
detailed analysis — one that makes use
of a full complex nonlinear model capable
of accurate simulations.

The technique has been used in an eval-
uation of a complex nonlinear system —
the quadruply-redundant actuator system
of the Space Shuttle — to prevent errone-
ous isolation of good channels. The com-
plexity of the system prevented an intui-
tive assignment of the polarities of the
worst-case combinations. Moreover, the
nonlinear behavior of the system pre-
cluded an analytical statistical approach.
A sufficient number of Monte Carlo runs
with a complex, high-accuracy model
would have been prohibitively expensive.
The new technique permitted the design
objective to be met with a simple and
cheap model for the Monte Carlo runs
and a few runs on the high-accuracy
model

The procedure is as follows:
*Calculate the probability functions for
the maximum tolerable, nominal, and
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minimum tolerable values of each oper-
ating parameter (for example, see
table).

*Run the required number of randomly
chosen cases on the Monte Carlo simu-
lation using the three-valued tolerance
distributions. The required number of
cases depends on the situation, but
good results were obtained for the
Space Shuttle actuator system with
1,000 cases.

*Among the simulations, choose the 5 to
10 with the lowest design margins.

*For each random parameter, compare
the tolerance polarities among the 5 or
10 worst cases to determine whether
that tolerance is in the same direction in
most cases. If so, that direction is con-
sidered the worst-case polarity.

*Set the worst-case parameters to the
worst-case polarity.

*Rerun the Monte Carlo simulation.
Parameters found to have the same tol-
erance polarity as the 5 or 10 worst
cases constitute a second generation of

worst-case parameters. The combina-
tion of first- and second-generation
parameters becomes a new generation
of worst-case parameters.

s After two or three generations of worst-
case parameters are found, those that
still appear randomly distributed are
probably not contributors to the worst-
case situation. These parameters can
be set to their nominal values. The
worst-case polarities found thus far are
considered to represent the worst-case
combination of tolerances.

sSubstitute the worst-case combination
into the complex design model for a
high-accuracy analysis.

If worst-case conditions for additional de-

sign requirements are needed, the proce-

dure is repeated for each requirement.
This work was done by Charles L.

Pond of Rockwell International Corp. for

Johnson Space Center. For further in-

formation, Circle 6 on the TSP Request

Card.

MSC-20232

Parameters and Tolerances representative of a multicomponent nonlinear system are
those for the Space Shuttle rudder-actuator system. The simplified Monte Carlo method
enables relatively quick identification of the likely worst-case combinations of individual
parameters.
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Compensating for Range Migration in Synthetic-Aperture Radar

A correlation algorithm
sharpens radar imagery.

NASA's Jet Propulsion Laboratory, Pasadena, California

An algorithm compensates for exces-
sive range migration in synthetic-aperture-
radar (SAR) imagery. Range migration is
not a serious problem in terrestrial and air-
borne radars, but can be significant in
satellites, where the orbital speed or the
rotation of the Earth causes perceptible
target movement between resolution
elements. Because vehicle speed poses a
similar problem with regard to sonar, the
algorithm may have terrestrial applications
in this field.

The first step in developing the algorithm
is to model the response of a point target.
This response takes the form of a two-
dimensional convolution in the azimuth and
range coordinates, weighted by the radar
amplitude and phase modulation and by
the azimuthal antenna pattern. The round-
trip path length is approximated to second
order in the azimuth coordinate.

It is assumed that the transmitted radar
pulse is a linear frequency-modulated pulse

of constant amplitude, so that range pulse
compression would yield an impulse
response of the familiar form (sin xyx. With
this and the other assumptions, the range-
correlated point-target response is dis-
persed along the azimuth axis to a degree
determined by the radar-beam width, and
along the range axis by the variation in the
range distance between the target and the
radar set.

The azimuthal correlation of the point-
target response is performed in the fre-
quency domain by fast Fourier transforms,

“which are relatively efficient in arithmetic

operations. The frequency-domain azi-
muthal response has a simple form that
enables the correction for the range migra-
tion to be made simultaneously and over a
wide area, thereby providing many picture
elements.

The SAR echo response of an extended
target of spatially varying reflectivity is
treated as a superposition of the responses

of many point targets. This is expressible

as a two-dimensional convolution. A recon-

structed target image is obtained by a cor-

relation algorithm as follows:

® A secondary range compression is per-
formed as a range correlation of the
range-correlated echo signal with a
weighting function that depends on the
bandwidth and on the Doppler quantities.

* An azimuth two-dimensional correlation
is performed by taking the inverse
Fourier transform of the composite spec-
trum obtained by extracting data along
the range-migration curve in the azimuth
spectral domain and then multiplying by
the ratio of the range-correlated point-
target response to the azimuthal antenna
pattern.

This work was done by Michael Y. Jin
and Chialin Wu of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 8 on the TSP Request Card.
NPO-15954

Residue-Measure Model-Reduction Technique
A dynamic model is simplified by eliminating

modes with small residues.

Lyndon B. Johnson Space Center, Houston, Texas

A new residue-measure criterion sim-
plifies mathematical models of feed-
back-control systems. Although original-
ly developed for flight control, this
approach can be applied to any flexible
structural system involving dominantly
linear dynamics.

The design and analysis of a control
system require high fidelity in plant
representation. When the plant is a flex-
ible structure, a model with a finite num-
ber of terms must be chosen to rep-
resent the infinite dimensionality of the
system. First, a representation of the
vibrational modes of the structure is
generated. Next, the series of modes
must be truncated in such a way that
the model is susceptible to numerical
analysis yet adequately predicts the
behavior of the system.
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The dynamics of many systems of
interest can be described by linear
second-order matrix equations. The size
of the matrices increases with each
additional oscillation mode included.
The computing time required to solve
the equations increases much faster
than linearly in the size of the matrices.
However, the effect of some modes on
system response is much less than that
of others. Thus at some point the inclu-
sion of additional modes of ever lesser
importance affects the cost of the analy-
sis far beyond their value in improving
the knowledge of system response.

The new residue-measure criterion is
based on identifying poles of the open-
loop system transfer function and rank-
ing their importance according to the
magnitudes of their residues. Some en-
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gineering judgment is required for this
task. The criterion is justified by the fact
that the residue is a direct measure of
the controllability and observability of
each mode. Phasing is not considered
directly. It is assumed that unless the
magnitude of a mode is large, it will not
significantly affect the gain and/or
phase of the complex open-loop system
and that a sufficient number of modes is
retained to ensure that, cumulatively,
the discarded modes have insignificant
residues.

The technigue was applied to the
Space Shuttle attitude-control system.

The freelfree modes of the vehicle were
generated using a Rayleigh-Ritz proce-
dure. A total of 31 mode frequencies and
their roll, yaw, and pitch residues were
calculated. Fifteen modes were selected
for the pitch-axis model. Since the lateral
axis involved both roll and yaw residues,
modes with large residues in both axes
were included first. Where only one axis
had a large residue and the physical
characteristics of the mode (for example,
wing motion or tail bending) suggested
that the mode might be important in the
axis with the smaller residue, it was
included in the lateral mode set.

Following this mode-selection proc-
ess, system-response tests were
performed. Sweep-frequency and step-
command excitations were applied to
the control surfaces while the Shuttle
was sitting in a building supported on its
tires. As shown in the figure, a com-
parison of the experimental and
calculated responses for the roll loop
showed fairly good agreement.

This work was done by David P. Gluch
of Honeywell Inc. for Johnson Space
Center. For further information, Cir-
cle 69 on the TSP Request Card.
MSC-20369

Encoding Scheme Reduces Hardware Requirements
A shift register is time-shared in a proposed error-correcting

code for tape-storage systems.

Lyndon B. Johnson Space Center, Houston, Texas

A proposed encoding/decoding sys-
tem would correct random burst errors
of up to 80 consecutive bits within a
block of 4,096 information bits. While
designed primarily to compensate for
data dropouts caused by oxide loss from
magnetic tape, the scheme could im-
prove the error-correcting capability of
any serial data stream subject to burst
errors.

The high error-correcting capability of
the system is due to the combination of
16-level interleaving with a Fire code of

270-bit (14-check-bit and 256-data-bit)
code words. Without interleaving, the
Fire code corrects burst errors ofupto 5
bits in each word. With interleaving, an
80-bit burst error is distributed over 16
code words in 5-bit errors per word.
Thus, the 80-bit error can be corrected.

The encoded data are transmitted in
blocks of 4,320 bits comprising 4,096 in-
formation bits plus 224 parity-check bits
for the Fire code. To prepare the data for
transmission, they are entered in a ran-
dom-access memory (RAM). Bits from

the input serial stream are placed in
RAM locations that are addressed by a
modified 13-bit up counter. Interleaving
is accomplished by addressing the
memory locations sequentially in the
input-bit order, modulo 16. The carry
logic of the counter is alterable under
switch control, so that interleaving and
deinterleaving are accomplished by the
same circuit.

The interleaved data in the RAM are
initially arranged in 16 code words of
256 information bits each and expanded
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Error-Correcting Code logic for blocks of 256-bit data words is implemented by a 14-stage time-shared shift register, two 4,096-bit RAM’s,
and logic gates. Encoding and decoding logic implement a generator polynomial that defines the error-correcting code, and error correc-
tion is based on an algorithm also implemented by the logic.
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during processing to 270 bits each with
the addition of 14 check bits to each
word. In the encoder logic a single 14-bit
time-shared shift register located in the
feedback loop of the RAM acts in place
of 16 shift registers that would ordinarily
be used if the scheme were to be imple-
mented with conventional logic circuitry.
As the interleaving and encoding pro-
gress, data and parity-check bits are
taken from the RAM, passed through the

shift register, and placed back in the
RAM in the proper Fire-code sequence
to form the 270-bit code words. Decod-
ing is performed by the same logic, and
error correction is performed by circuitry
that implements the error-correcting
algorithm.

The proposed system (see figure) re-
quires less hardware than a previous
design. Only two 4,320-bit RAM's are
needed. The logic circuit is adaptable to

other data-stream word formats by modi-
fying the logic to implement a generator
polynomial that defines the data-encod-
ing and error-correction algorithms.

This work was done by Harold
Sasnowitz of IBM Corp. for Johnson
Space Center. For further information,
Circle 36 on the TSP Request Card.
MSC-20044

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.

Vector Lyapunov
Functions for Stochastic
Interconnected Systems

A stability criterion is
developed for composite
systems.

Atheoretical paper presents a set of suffi-
cient conditions for asymptotic and expo-
nential stability with probability 1 for a class
of stochastic interconnected systems. The
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theory is applicable to complicated, large-
scale mechanical or electrical systems,
and, for several design problems, it reduces
the computational difficulty by relating the
stability criteria to the fundamental struc-
tural features of the system.

First, subsystem Lyapunov functions are
used to construct a vector Lyapunov func-
tion for the composite system.

Then a system of linear or nonlinear sto-
chastic differential inequalities satisfied by
the vector Lyapunov function is formed,
depending upon the isolated-subsystem
models, the interconnecting structure, and
a constant parameter vector, the optima
selection of which widens the domain of
systems to which the method is applied.

A linear comparison system is obtained
by replacing the inequalities with equalities.
It is shown that for a class of stochastic in-
terconnected subsystems, the stability of
the linear comparison system is sufficient to
assure the asymptotic or exponential stabili-
ty of the stochastic interconnected system
with probability 1.

The new stability criterion has been ap-
plied to an experimental pointing and track-
ing system with one degree of freedom. The
system consists of an optical tracker and
gyroscope mounted on a platform driven by
a brushless dc torgue motor, which in turnis
mounted on an air-bearing rotating table. A
nonlinear five-dimensional system of equa-
tions provides a simplified model of the
motor, the air-bearing table, the gyroscope,
and their interconnections.

This work was done by Dhemetrios
Boussalis of Caltech for NASA’s Jet Pro-
pulsion Laboratory. o obtain a copy of the
paper, “Vector Lyapunov Functions for a
Class of Stochastic Interconnected Sys-
tems,” Circle 13 on the TSP Request Card.
NPO-16170
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EMR RADIATION-HARD SENSORS

WILL GUIDE US TO OUR BEST LOOK EVER

AT JUPITER.

The Jovian radiation belts can wreak havoc with traditional
photoelectronic sensors. The high-energy electron flux—more
than 10° e/cm?/sec — can cause false signals and a reduction in
detector efficiency, problems unacceptable in NASA's most
important mission to Jupiter yet.

So a team of scientists and engineers at EMR and JPL
designed a radiation-hard photomultiplier tube especially for the
Galileo Star Tracker.

The resuit? A lightweight, five-inch-long PMT with a special
radiation-resistant window and ceramic body. Continuous
exposure to a cobalt 60 Jupiter simulation environment proves
the new tube to be 40 times less sensitive to radiation-induced
noise than conventional glass-envelope PMTs.*

The same tube is available now, here on earth, for military
or industrial assignments from EMR, the world's leader in the
application of technology to tough environmental problems of
photoelectronic sensors.

*M.M. Birnbaum, R.L. Bunker, J. Roderick, K. Stephenson; Development of

Radlation Hard Photomultiplier Tube; AIAA Guidance and Control Conference,
August 20-22, 1984. AIAA-84-1852

For more information call or write:

EMR PHOTOELECTRIC

P.O. Box 44, Princeton, NJ 08542 ¢ 609-799-1000

Circle Reader Action No. 25

EMR MODEL 730N-01-12, a radia-
tion-hard photomultiplier tube, will
stabilize the Galileo spacecraft
when it orbits Jupiter. The ceramic-
envelope tube — with its thin,
small-diameter glass window and
special electron-focusing design
— minimizes fluorescence and
Cerenkov emissions caused by
high-energy electron and proton
emissions
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AUTOMATIC CONTROL
Back-pressure regulator
for large gas flows

page 131 MSC-20536

BACKUPS

Double light-emitting
diode
page 49
BACTERIA
Coculture production of
butinol by clostridium
bacteria

GSC-12832

page 113 NPO-16203
BAFFLES

Telescope with reflecting
baffle

page 74 ARC-11502
BALANCING

Microprocessor-controlled
laser balancing system
page 118 LEW-13294
BALL BEARINGS

Further tests of 38 ball-
bearing greases

page 111 MFS-27043
BATTERY CHARGERS
Flux coupling for
wheelchair battery

chargers
page 43 NPO-16269
BEAMS (SUPPORTS)

Deployable M-braced
truss
page 123
BEARINGS
Air bearing for small
planar vibrations

page 132 MFS-26003

LAR-13081

BIOCONVERSION
Coculture production of
butinol by clostridium
bacteria
page 113
BOLTS
Fastening parts having
mismatched thermal
coefficients
page 137
BONDING
Bonded and bolted
graphite/polyimide
composite joints

page 150 LAR-13090
BOOSTER RECOVERY
Rocket-booster towing
simulation

page 125 KSC-11289

BOUNDARY LAYER
CONTROL

Performance improvement
for nonaxisymmetric

nozzles
page 138 LAR-13036

BRACKETS
Universal cable brackets
page 149 MFS-26001

BRAKING
Mechanical mixer for
rudder/braking wedge
page 141 MSC-20759
BRIGHTNESS
DISCRIMINATION

Finding bright-spot
coordinates in television
images
page 65 MFS-25999
BUFFER STORAGE

FIFO buffer for
asynchronous data
streams

page 67 MSC-20403
BUTYRIC ACID

Coculture production of
butinol by clostridium
bacteria
page 113

NPO-16203

LAR-13009

NPO-16203

C

CANOPIES

Aircraft canopy lock

page 114 FRC-11065
CAVITY RESONATORS
Superconducting-cavity
accelerometer

page 120 GSC-12797
CERAMIC COATINGS
Ceramic coatings for
engine parts

page 94 NPO-16228
CERAMICS

Improving emittance of
high-temperature
insulating tile

page 108 MSC-20714

CHARGE COUPLED
DEVICES

Hybrid fiber-optic/CCD
chip

page 38 NPO-16030
CHARGE EFFICIENCY
Battery-charge-state
model

page 87 NPO-16158
CHIPS

Designing test chips for
custom integrated circuits
page 64 NPO-15988
CIRCUIT PROTECTION
Protective cover for IC
packages
page 46
CLAMPS
Universal cable brackets
page 149 MFS-26001

Wide-grasp latching

mechanism
page 141 MFS-28002

CLEANLINESS

Copyboard quickly makes
clean printing plates

page 152 ARC-11365

CLOCKS

Satellite time- and
frequency-transfer system
page 68 MFS-28010
Fast clock recovery for

digital communications
page 53 NPO-16083

NPO-15537

Synchronization for
optical PPM signals

page 68 NPO-16256
CLOuUDS

Measuring clouds with
microwaves and infrared
page 75 NPO -16265
Estimates of latent heat
in clouds

page 85 MFS-25977

CMOS

Dynamic-RAM data-

storage unit

page 62 LEW-14017

FIFO buffer for

asynchronous data

streams

page 67 MSC-20403

CODING

Algorithms for software

development

page 154 NPO-16079

COLOR PHOTOGRAPHY

Vision screening by color

photography

page 112 MFS-25800

COLUMNS

Inflatable column

structure

page 116 NPO-16216

COMBUSTION

CHAMBERS

Low-loss fuel and oxidizer

injector

page 127 MFS-25989
. COMPOSITE MATERIALS

Resin characterization in
cured composite
materials

page 103 LAR-13172

Strength of graphite/metal
composite lap joints
page 110 MFS-27030

COMPUTER PROGRAMS
Algorithms for software
development

page 154 NPO-16079

CONCENTRATORS
Out-of-focus alinement of
solar concentrators

page 75 NPO-15563
CONTAINERLESS MELTS
Hybrid contactless
heating and levitation
page 144 NPO-15657
CONTROL EQUIPMENT
Power-factor controllers:
How safe?
page 57
COOLERS
Long-life cryogenic cooler
page 140 GSC-12697
COORDINATES

Finding bright-spot
coordinates in television

MFS-27016

images

page 65 MFS-25999
COUPLINGS

Flux coupling for
wheelchair battery
chargers

page 43 NPO-16269
CRYOGENIC COOLING
Long-life cryogenic cooler
page 140 GSC-12697

CRYOGENIC EQUIPMENT
Foam insulation for
cryogenic flowlines

page 96 MSC-20552

CRYSTAL GROWTH
Preparation and
characterization of
HgyCd1.xTe

page 110 MFS-27037
Efficient process for
making polycrystalline

silicon
page 104 NPO-16121

Variable-temperature-
gradient device for
solidification research
page 73 MFS-26008

CUSHIONS
Air bearing for small
planar vibrations

page 132 MFS-26003
CUTTERS

Cutthrough warning
circuit

page 142 MFS-19900
Cutting guide for fibrous
sheets

page 151 MSC-20798

CYANIDES
Solar-assisted oxidation
of toxic cyanide

page 106 LAR-13171

D

DAMPERS (VALVES)
Quasi-porous plug with
vortex chamber

page 133 NPO-16076
DATA BUSSES
Synchronizing data-bus
messages

page 66 MSC-20640
DATA STORAGE
Dynamic-RAM data-
storage unit

page 62 LEW-14017
DECODING

Telephone instrument for
the deaf

page 48 KSC-11303
DECOMPRESSION
SICKNESS

Effect of hydration on
nitrogen washout in
humans

page 113
DEGRADATION
Environmental
degradation of solar
reflectors
page 88
DETECTION
Sensitivities of soap
solutions in leak detection

MSC-20686

NPO-16053

page 143 MFS-19864
DIFFERENTIAL THERMAL
ANALYSIS

Preparation and
characterization of
HgyCdq.xTe

page 1110 MFS-27037
DIGITAL
COMMUNICATION

Fast clock recovery for
digital communications

page 53 NPO-16083
DIGITAL DATA

FIFO buffer for
asynchronous data
streams

page 67 MSC-20403
Storing data and video on
one tape

page 59 MSC-20705
DIODES

Fast-recovery high-voltage
power diode
page 49 LEW-14036

Damping relaxation
oscillations in laser

ELECTRIC COILS
Recovering energy from
relays

page 47 NPO-16268

ELECTRIC CURRENT
Digital high-current
monitor

page 39 LAR-13072

ELECTRIC DISCHARGES
Flushing ring for EDM
page 131 MFS-19876

ELECTRIC EQUIPMENT
Power-factor controllers:
How safe?

page 57 MFS-27016

ELECTRIC POWER
PLANTS

Photovoltaics in Japan
page 57 NPO-16330
ELECTRIC RELAYS
Recovering energy from
relays

page 47 NPO-16268

ELECTROCHEMICAL
CELLS

Thermally-rechargeable
electrochemical cell

page 78 NPO-16273
ELECTRON
MICROSCOPES

Measuring recombination
velocities in solar cells

page 36 NPO-16243
ELECTRONIC PACKAGING
Protective cover for IC
packages

page 46 NPO-15537
ELECTROSTATIC
SHIELDING

High-voltage isolation
transformer

page 52 GSC-12817
EMITTANCE

Improving emittance of
high-temperature
insulating tile

page 108 MSC-20714
ENCODING

Encoding scheme reduces
hardware requirements

page 157 MSC-20044
ENERGY CONVERSION
EFFICIENCY

Hinged-blade, vertical-
shaft windmill

page 134 MFS-25980

Solar cells with multiple
small junctions
page 55
ENGINE PARTS
Ceramic coatings for
engine parts
page 94

EPOXY RESINS
Increasing fire safety of

NPO-16126

NPO -16228

diodes epoxies
page 45 NPO-15980 p‘ZSe 94 ARC-11506
DISCRIMINATORS ERECTION
gggnn"\%n;:dm;‘a ray'; o - C——

i system for antenna masts
page 82 NPO-16245 p;ge 139 LAR-13115
DISPLAY DEVICES ERROR ANALYSIS
Digital high-current Complementary-logic fault
monitor detector
page 39 LAR13072  page 51 NPO 15410
High-visibility data displa:
page ry y MFS-Ig‘Jz.Z: ggg%g CORRECTING
DISTILLATION Encoding scheme reduces

Purifying aluminum by
vacuum distillation
page 96 NPO-16114

DROPS (LIQUIDS)
Calibrating-droplet
generator for pressurized
testing vessel
page 119
DUCTS

Foam insulation for
cryogenic flowlines

page 96 MSC-20552
DYNAMIC MODELS
Residue-measure model-
reduction technique

page 156 MSC-20369

E

ELECTRIC BRIDGES

Tiltmeter indicates sense
of slope
page 40

MFS-25992

NPO-16153

hardware requirements
page 157 MSC-20044
ESTERS
Ethynyl-terminated ester
oligomers and polymers
page 107 LAR-13118
EXPLOSIVES

Predicting effects of
impacts on confined
explosives

page 111 NPO-16258
EYE EXAMINATIONS
Vision screening by color

photography
page 112 MFS-25800

F

FABRICATION
Precise fabrication of
electromagnetic-levitation

coils
page 146 MFS-25986
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FASTENERS

Aircraft canopy lock

page 114 FRC-11065
Fastening parts having
mismatched thermal

coefficients

page 137 LAR-13009
FAULT TOLERANCE
Complementary-logic fault
detector

page 51 NPO-15410
FERMENTATION

Coculture production of
butinol by clostridium
bacteria

page 113 NPO-16203
FIBER OPTICS

Hybrid fiber-optic/CCD
chip

page 38 NPO-16030
FIBERS

Making stronger twine
with matched strands

page 148 MSC-20444
FIBROUS MATERIALS
Cutting guide for fibrous
sheets

page 151 MSC-20798
FILLETS

High-performance filleting
and channel sealants

page 95 ARC-11408
FINGERS

Wide-grasp latching
mechanism

page 141 MFS-28002
FIRE PROOFING

Increasing fire safety of
epoxies

page 94 ARC-11506
FLAME RETARDANTS
Rubberized, brominated
epoxies

page 109
FLASH LAMPS
Altering flashlamp output
for realistic solar

ARC-11427

simulation
page 82 NPO-16167
FLIGHT CONDITIONS

Remotely piloted aircraft
for research

page 143 ARC-11498
FLIGHT INSTRUMENTS
Aircraft control-position
indicator

page 54 LAR-12984
FLOW VISUALIZATION
Continuous laminar-
smoke generator

page 116 LAR-13014
FLUID BOUNDARIES
Spill-detector-and-shutoff

device
page 129 MSC-20206
FLUID PRESSURE

Contact heat exchanger
page 117 MSC-20419
FLUIDIZED BED
PROCESSORS

High-purity silicon seeds
for fluidized bed silane
pyrolysis
page 90
FLUSHING
Flushing ring for EDM

NPO 16287

page 131 MFS-19876
FOLDING STRUCTURES
Hinged-blade, vertical-
shaft windmill

page 134 MFS-25980
FRAMES

Deployable M-braced
truss

page 123 LAR-13081
FREQUENCY
MODULATION

Damping relaxation
oscillations in laser

diodes

page 45 NPO-15980
FUEL CELLS

Methanol fuel cell

page 79 NPO-15823
FUEL INJECTION

Low-loss fuel and oxidizer
injector

page 127 MFS-25989
FURNACES

High-temperature Hall-
effect apparatus
page 69 NPO-16279

G

GAMMA RAYS

Protective package for a
gamma-ray detector

page 72 NPO-16019

Segmented detector for
cosmic gamma rays
page 82 NPO-16245

GAS FLOW

Simulating pressure
effects of high-flow
volumes

page 126 MFS-19909

Back-pressure regulator
for large gas flows

page 131 MSC-20536
GLASS

Reversing glass
wettability

page 100 MFS-26006
GLOBAL POSITIONING
SYSTEM
Doubly-differenced
measurements for orbit
determinations

page 71 NPO-16111
GRAPHITE-EPOXY
COMPOSITES

Rubberized, brominated
epoxies

page 109 ARC-11427
GRAPHITE-POLYIMIDE
COMPOSITES

Bonded and bolted
graphite/polyimide
composite joints

page 150 LAR-13090
GRAZING INCIDENCE
Nearly anastigmatic X-ray
telescope

page 77 MFS-25984
GREASES

Further tests of 38 ball-
bearing greases

page 111 MFS-27043

H

HALL EFFECT
High-temperature Hall-
effect apparatus

page 69 NPO-16279
HEAT

Estimates of latent heat
in clouds

page 85 MFS-25977
HEAT EXCHANGERS
Contact heat exchanger
page 117 MSC-20419
Reciprocating magnetic
refrigerator

page 130 NPO-16257

HEATING EQUIPMENT
Ditferential temperature
control of electrical

heaters
page 123 LAR-13047
HIGH TEMPERATURE

High-temperature Hall-
effect apparatus

page 69 NPO-16279
HIGH VOLTAGES
Fast-recovery high-voitage
power diode

page 49 LEW-14036
HOLDERS

Ultrahigh-vacuum sample-
transfer system

page 86 LAR-12993
Manipulator for heating
and cooling in ultrahigh
vacuum

page 80 LAR-13040
Spring-loaded transducer
holder

page 122 LAR-13048

Cutting guide for fibrous
sheets

page 151 MSC-20798
HORN ANTENNAS
Dual-mode horn antenna
for millimeter wavelengths
page 42 NPO-16297
HYBRID CIRCUITS

Hybrid fiber-optic/CCD
chip
page 38 NPO-16030
HYDRATION

Effect of hydration on
nitrogen washout in

humans
page 113 MSC-20686
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HYDROGEN PRODUCTION
Methanol fuel cell
page 79 NPQO-15823

IMAGERY
SAW-modulated image
device
page 44 LAR-12633
Imaging spectrometer for
geophysical surveys
NPO-16072
IMAGING TECHNIQUES
Finding bright-spot
coordinates in television
images
page 65 MFS-25999
Wide-angle, wide-band
camera for remote
imaging
page 81
IMIDES
Synthesizing metal
phthalocyanine imide
polymers

page 105 ARC-11413
IMPACT PRESSURES
Predicting effects of
impacts on confined

NPO-15799

explosives

page 111 NPO 16258
IMPACT RESISTANCE
Rubberized, brominated
epoxies

page 109 ARC-11427
IMPEDANCE

Lowering ammeter input
impedance
page 55
INDUCTORS
Precise fabrication of
electromagnetic-levitation

NPO-16067

coils
page 146 MFS-25986
INDUSTRIAL WASTES

Solar-assisted oxidation
of toxic cyanide

page 106 LAR-13171
INFRARED DETECTORS
Preparation and
characterization of
HgyCdq.4Te

page 110 MFS-27037
INFRARED IMAGERY
Infrared linear imaging
array

page 56 NPO-15805
INFRARED RADIATION
Measuring clouds with
microwaves and infrared
page 75 NPO-16265
INTEGRATED CIRCUITS
Protective cover for IC
packages

page 46 NPO-15537
Designing test chips for
custom integrated circuits
page 64 1
INTERPROCESSOR
COMMUNICATION
Synchronizing data-bus
messages

page 66 MSC-20640
INTERROGATION
Self-identifying reflecting
targets
page 65 NPO-16106
ISOLATORS

High-voltage isolation

transformer
page 52 GSC-12817

JOINTS (JUNCTIONS)
Bonded and bolted
graphite/polyimide
composite joints
page 150 LAR-13090

L

LAMINAR FLOW
Continuous laminar-
smoke generator

page 116 LAR-13014
LAMINATES
Photovoltaic-panel
laminator

page 145 NPO-16092

LAMINATING
Perforating thin metal
sheets
page 146
LAP JOINTS
Strength of graphite/metal
composite lap joints

page 110 MFS-27030

ARC-11280

LASERS

Shielding against intense
laser beams

page 97 NPO-16166
Laser-assisted analysis of
aerosol particles

page 86 NPO-15308
Microprocessor-controlled
laser balancing system
page 118 LEW-13294
Calibrating-droplet
generator for pressurized

testing vessel

page 119 MFS-25992
LATCHES

Aircraft canopy lock

page 114 FRC-11065
Wide-grasp latching
mechanism

page 141 MFS-28002
LEAD ACID BATTERIES
Battery-charge-state
model

page 87 NPO-16158
LEAKAGE

Sensitivities of soap
solutions in leak detection
page 143 MFS-19864
LEVITATION

Precise fabrication of
electromagnetic-levitation
coils

page 146 MFS-25986
Hybrid contactless
heating and levitation
page 144 NPO 15657
LIAPUNOV FUNCTIONS
Vector Lyapunov
functions for stochastic
interconnected system
page 158 NPO-16170
LIGHT EMITTING DIODES
Double light-emitting
diode
page 49 GSC-12832
LINEAR EQUATIONS
Residue-measure model-
reduction technique

page 156 MSC-20369
LINKAGES

Continuously variable
transmission

page 128 LAR-12844
LIQUID
CHROMATOGRAPHY
Spill-detector-and-shutof!
device
page 129 MSC-20206
LOGIC CIRCUITS
Complementary-logic fault

detector
NPO-15410

page 51
M

MACHINE TOOLS

Flushing ring for EDM
page 131 MFS-19876
MAGNETIC STORAGE
Recovering energy from
relays
page 47 NPO-16268
MAGNETIC TAPES
Encoding scheme reduces
hardware requirements
page 157 MSC-20044
MANIPULATORS
Ultrahigh-vacuum samplie-
transfer system

page 86 LAR-12993
Manipulator for heating
and cooling in ultrahigh
vacuum

page 80 LAR-13040
MASS SPECTROSCOPY
Laser-assisted analysis of
aerosol particles

page 86 NPO-15308
MATHEMATICAL MODELS
Battery-charge-state
model

page 87 NPO-16158

MECHANICAL DRIVES
Mechanical mixer for

rudder/braking wedge
page 141 MSC-20759
Continuously variable
transmission

page 128 LAR-12844
MECHANICAL
PROPERTIES

Resin characterization in
cured composite
materials

page 103 LAR-13172

Strength of graphite/metal
composite lap joints

page 110 MFS-27030
MELTS (CRYSTAL
GROWTH)

Meit stirring by horizontal
crucible vibration

page 98 MFS-26005
MERCURY CADMIUM
TELLURIDES

Preparation and
characterization of

HgyCdy.xTe
page 110 MFS-27037
METAL COATINGS

Spray application of
rapidly solidified metals
page 150 GSC-12880

METAL CUTTING
Cutthrough warning
circuit
page 142 MFS-19900
METAL SHEETS
Perforating thin metal
sheets

page 146 ARC-11280

METHYL ALCOHOLS
Methanol fuel cell
page 79 NPO-15823

MICROCIRCUITS
Infrared linear imaging
array

page 56 NPO-15805
MICROELECTRONICS
Designing test chips for
custom integrated circuits
page 64 NPO-15988

MICROPROCESSORS
Redundant asynchronous
microprocessor system
page 63 ARC-11348

Microprocessor-controlled
laser balancing system
page 118 LEW-13294
MICROWAVE ANTENNAS
Improved thick dichroic
reflector for microwave
feeds
page 39 NPO -13506
Dual-mode horn antenna
for millimeter wavelengths
page 42 NPO 16297
MICROWAVE RADIATION
Measuring clouds with
microwaves and infrared
page 75 NPO-16265
MILLIMETER WAVES
Dual-mode horn antenna
for millimeter wavelengths

page 42 NPO-16297
MIRRORS

Telescope with reflecting
baffle

page 74 ARC-11502
MIXING

Melt stirring by horizontal
crucible vibration

page 98 MFS-26005
MONITORS

Digital high-current
monitor

page 39 LAR-13072
High-visibility data display
page 58 MFS-19925
MONTE CARLO METHOD

Simplified worst-case
analysis of complex
systems
page 155 MSC-20232
MOTION STIMULATORS
Rocket-booster towing
simulation

page 125 KSC-11289
MULTIPLEXING
Single-frequency
multitransmitter telemetry
page 70 LAR-13006

N

NITROGEN

Effect of hydration on
nitrogen washout in
humans
page 113 MSC-20686
NITROGEN POLYMERS
Synthesizing metal
phthalocyanine imide
polymers

page 105 ARC-11413
NOZZLE EFFICIENCY
Performance improvement
for nonaxisymmetric
nozzles

page 138 LAR-13036
NUMERICAL CONTROL
Redundant asynchronous
microprocessor system
page 63 ARC-11348
High-speed computer-
controlled switch-matrix
system

page 60 LEW-14050

o)

OPERATIONAL
AMPLIFIERS

Lowering ammeter input
impedance

page 55 NPO-16067
OPTICAL EQUIPMENT
Wide-angle, wide-band
camera for remote
imaging

page 81 NPO-15799
OPTICAL FILTERS

Altering flashlamp output
for realistic solar
simulation

page 82 NPO-16167
OPTICAL WAVEGUIDES
Hybrid fiber-optic/CCD
chip

page 38
OSCILLATIONS
Damping relaxation
oscillations in laser
diodes
page 45
OXIDIZERS
Low-loss fuel and oxidizer

injector
page 127 MFS-25989
PAINTS
Static-suppressing optical

paint
page 107

PARTICLES

Laser-assisted analysis of
aerosol particles

page 86 NPO-15308

PERFLUORO
COMPOUNDS

Further tests of 38 ball-
bearing greases

page 111 MFS-27043
PERFORATING

Perforating thin metal
sheets
page 146 ARC-11280
PERFORMANCE TESTS
Remotely piloted aircraft
for research

page 143 ARC-11498
PHASE SHIFT CIRCUITS
Signal processor for
multirate PSK signals
page 43 MSC-20195
PHOTOCHEMICAL
REACTIONS

Nonyellowing
polycarbonate for outdoor
use

page 99 NPO -15836
PHOTOVOLTAIC CELLS
Spectrophotovoltaic
power generation

page 78 MFS-27027
Photovoltaic-panei
laminator

page 145 NPO-16092
Photovoltaics in Japan
page 57 NPO-16330

NPO-16030

NPO-15980

NPO-15992

161




PHTHALOCYANIN
Synthesizing metal
phthalocyanine imide
polymers
page 105
Thermosetting
phthalocyanine polymers
page 91 ARC-11511
PIPES (TUBES)

Contact heat exchanger
page 117 MSC-20419
Foam insulation for
cryogenic flowlines

page 96 MSC-20552
PLASTICS

Nonyellowing
polycarbonate for outdoor
use
page 99 NPO-15836
PLUGS

Quasi-porous plug with
vortex chamber

page 133 NPO-16076
POLYCARBONATES
Nonyellowing
polycarbonate for outdoor

ARC-11413

use
page 99 NPO-15836
POLYCRYSTALS

Efficient process for
making polycrystalline
silicon
page 104 NPO-16121
POLYESTERS
Ethynyl-terminated ester
oligomers and polymers
page 107 LAR-13118

POLYMERIC FILMS
Silicone coating on
polyimide sheet

page 98 GSC-12913
POLYMERIZATION
Thermosetting
phthalocyanine polymers
page 91 ARC-11511

POSITION INDICATORS
Aircraft control-position
indicator
page 54
POSITIONING
Manipulator for heating
and cooling in ultrahigh
vacuum

page 80 LAR-13040
POWER CONDITIONING
Power-factor controllers:
How safe?
page 57
POWER LINES
Universal cable brackets
page 149 MFS-26001

PRESSURE
Simulating pressure
effects of high-flow
volumes
page 126
PRINTING
Copyboard quickly makes
clean printing plates

page 152 ARC-11365

PROPELLERS

Wingtip vortex-augmented
turbopusher-propeller
thrust

page 119 LAR-13019

PROTECTIVE COATINGS
Silicone coating on
polyimide sheet

LAR-12984

MFS-27016

MFS-19909

page 98 GSC-12913
Ceramic coatings for
engine parts

page 94 NPO-16228
PULSE POSITION
MODULATION
Synchronization for
optical PPM signals

page 68 NPO-16256
PUMPS

Simulating pressure
effects of high-flow
volumes

page 126
PURIFICATION
Purifying aluminum by
vacuum distillation

page 96 NPO-16114

MFS-19909
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R

RADIATION DETECTORS
Protective package for a
gamma-ray detector

page 72 NPO-16019
Segmented detector for
cosmic gamma rays

page 82 NPO-16245
RADIATION PROTECTION
Protective package for a
gamma-ray detector

page 72 NPO-16019
RANDOM ACCESS
MEMORY

Dynamic-RAM data-
storage unit

page 62 LEW-14017

RANGE ERRORS
Compensating for range
migration in synthetic-
aperture radar
page 156
RAWINSONDES
Estimates of latent heat
in clouds
page 85
RECHARGING
Thermally-rechargeable
electrochemical cell

page 78 NPO-16273

RECIPROCATION
Reciprocating magnetic
refrigerator
page 130
RECOVERABLE
LAUNCH VEHICLES
Rocket-booster towing
simulation
page 125

REDUNDANT
COMPONENTS

Redundant asynchronous
microprocessor system
page 63 ARC-11348
REFLECTORS

Improved thick dichroic
reflector for microwave
feeds

page 39 NPO-13506
Self-identifying reflecting
targets

page 65 NPO-16106
REFRIGERATORS
Reciprocating magnetic
refrigerator
page 130
REGULATORS
Back-pressure regulator
for large gas flows

page 131 MSC-20536

REMOTE CONTROL
Remotely-controlled
docking system

page 121 MSC-18969

Remotely piloted aircraft
for research
page 143
RESIDUES
Residue-measure model-
reduction technique

page 156 MSC-20369

RESIN MATRIX
COMPOSITES

Resin characterization in
cured composite
materials

page 103
RESOLUTION
SAW-modulated image
device

page 44
RESONANT
FREQUENCIES
Resistive fine tuning of
resonant circuit
page 47
RETAINING
Screw-retaining Allen
wrench

page 148

RLC CIRCUITS
Resistive fine tuning of
resonant circuit
page 47
RUDDERS
Mechanical mixer for
rudder/braking wedge

page 141 MSC-20759
SAFETY

Predicting effects of
impacts on confined

explosives
page 111 NPO-16258

NPO-15954

MFS-25977

NPO-16257

KSC-11289

NPO-16257

ARC-11498

LAR-13172

LAR-12633

NPO-16276

NPO-16275

NPO-16276

SAMPLES
Ultrahigh-vacuum sample-
transfer system
page 86
SCANNERS
Inspecting hollow parts
with a CAT scanner

page 115 MFS-19916
SCHMIDT CAMERAS
Wide-angle, wide-band

LAR-12993

camera for remote
imaging

page 81 NPO-15799
SCREWS

Screw-retaining Allen
wrench
page 148
SEALERS
High-performance filleting
and channel sealants
page 95 ARC-1108
SELF ALIGNMENT
Remotely-controlled
docking system

page 121 MSC-18969
SEMICONDUCTOR
JUNCTIONS

Solar cells with multiple
small junctions

page 55 NPO-16126
SEMICONDUCTORS
(MATERIALS)

High-purity silicon seeds

NPO-16275

for fluidized bed silane
pyrolysis

page 90 NPO-16287
SHAKING

Multishaker modal testing
page 124 MFS-27052
SHIELDING

Shielding against intense
laser beams
page 97
SHUTDOWNS
Spill-detector-and-shutoff
device
page 129 MSC-20206
SIGNAL PROCESSING
Signal processor for
multirate PSK signals
page 43 MSC-20195
SILICON

Efficient process for
making polycrystalline
silicon
page 104 NPO-16121
High-purity silicon seeds

NPO-16166
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GRADIENTS
Variable-temperature-
gradient device for
solidification research
page 73 FS-26008
THERMAL EXPANSION
Fastening parts having
mismatched thermal
coefficients

page 137 LAR-13009
THERMAL INSULATION
Foam insulation for
cryogenic flowlines

page 96 MSC-20552
Improving emittance of
high-temperature
insulating tile

page 108 MSC-20714
THERMAL STABILITY
Ethynylterminated ester
oligomers and polymers
page 107 LAR-13118
THERMOCOUPLES
Differential temperature
control of electrical

heaters

page 123 LAR-13047
THERMOSETTING RESINS
Thermosetting
phthalocyanine polymers
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THRUST

Wingtip vortex-augmented
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thrust
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Performance improvement
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with matched strands
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ULTRAPURE METALS
Purifying aluminum by
vacuum distillation

page 96 NPO-16114

ULTRASONIC SCANNERS
Spring-loaded transducer

holder
page 122 LAR-13048
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VACUUM PUMPS
Copyboard quickly makes
clean printing plates

page 152 ARC-11365

VALVES

Quasi-porous plug with
vortex chamber

page 133 NPO-16076
VECTOR ANALYSIS

Vector Lyapunov
functions for stochastic
interconnected system
page 158 NPO-16170

VELOCITY

Measuring recombination
velocities in solar cells
page 36 NPO-16243

VIBRATION

Melt stirring by horizontal
crucible vibration

page 98 MFS-26005
VIBRATION DAMPING

Air bearing for small
planar vibrations

page 132 MFS-26003
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VIBRATION TESTS
Multishaker modal testing

page 124 MFS-27052
VIDEO DATA

Low-cost teleconference
system

page 61 NPO-16057

VIDEO EQUIPMENT
Storing data and video on
one tape

page 59 MSC-20705
VISION

Vision screening by color
photography

page 112 MFS-25800
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CHARACTERISTICS
Fast-recovery high-voltage
power diode
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Wingtip vortex-augmented
turbopusher-propeller
thrust

page 119 LAR-13019
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WARNING SYSTEMS
Cutthrough warning
circuit

page 142 MFS-19900
WATERPROOFING
Waterproofing agents for
silica tiles

page 109 MSC-20364

WAVEGUIDES

Improved thick dichroic
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feeds

page 39 NPO-13506

WEATHERING
Environmental
degradation of solar
reflectors

page 88 NPO-16053
WETTABILITY

Reversing glass
wettability

page 100 MFS-26006
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Flux coupling for
wheelchair battery
chargers

page 43 NPO-16269
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Continuous laminar-
smoke generator

page 116 LAR-13014
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(WINDPOWERED
MACHINES)
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WRENCHES
Screw-retaining Allen
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X

X RAY TELESCOPES
Nearly anastigmatic X-ray
telescope

page 77 MFS-25984
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Letiers

A new feature of NASA Tech Briefs is a
letters column. The editors would like it to
be a wide exchange of ideas among our
readers. To start the column we are prin-
ting a few of the thousands of requests
NASA has received in the last several
months. To make it easy we added addi-
tional feedback cards in this issue. Use
them for comments or to add information
to a colleague’s request for aid. While we
can only print a small number, we will
endeavor to select letters for the column
that are varied and of wide interest.

ION THRUSTERS
| am seeking information on ion propul-

sion technology; specifically “ion thrust-
ers” in the 1000-2000 ev energy range. |
understand NASA has done this work with
Case Western Reserve University.

Archie Woodworth

Program Manager

Travenol Labs

Round Lake, IL

The following publications are available
from American Institute of Aeronautics
(AlAA), Technical Information Service, 555
W. 57th St., New York, NY 10019:
A83-12511, Qualification Test Results of
IAPS 8 cm lon Thrusters; A83-12503, RFI
and ECH Plasma Generator Development
For lon Thrusters; A82-15438, Measuring
The Spacecraft and Environmental Inter-
actions of the 8-cm Mercury lon Thrusters
on the P80-1 Mission.

The following documents are available
from the National Technical Information
Service (NTIS), 5285 Port Royal Road,
Springfield, VA 22161:

N84-18322, Sputtering Phenomena in lon
Thrusters; N84-10180, Development of Ad-
vanced Inert-Gas lon Thrusters; N83-28072,
High Frequency Plasma Generators for lon
Thrusters; N83- 25779, Endurance Test of a
30-CM-Diameter Engineering Model lon
Thruster. Task 12: Investigation of Thin-Fill
Erosion Monitors for ION Thrusters; N83-
22318, Design, Fabrication, and Testing of
Porous Tungsten Vaporizers for Mercury
lon Thrusters; N83-14159, Analysis and
Design of lon Thrusters for Large Space
Systems; N82-12133, Retrofit and Accep-
tance Test of 30-cm lon Thrusters.

Write to AIAA and NTIS directly to inquire
about costs and mailing arrangements. For
extensive literature search services in your
area of interest, you may wish to contact the
NASA Industrial Applications Center near-
est you. These Centers offer computerized
access to a comprehensive collection of
scientific and technical documents produc-
ed by NASA, by other government agencies,
and by corporate and academic research
organizations around the world. Each Cen-
ter also has a professional staff that can
help you evaluate your information needs
and assist you with solutions to specific
technical problems.

HEAVY METAL REMOVAL
Would like to see items concerning
removal of heavy metals from waste
streams.
Victor J. Obrig
Foundry Technical Director
American International
Manufacturing Corp.
Fort Worth, TX

NTIS (see above) has the following:
N84-17323, Pilot System for the Purification
of Rinse Water and for the Recuperation of
Metals in Electroplating Companies. Pilot

System Metal Recovery from Waste Water,
N79-17747, Process for Purification of
Waste Water Produced by a Kraft Process
Pulp and Paper Mill; N78-234310, Applica-
tion of Activated Coal for the Purification of
a Multiple Component Chemical Waste
Water, N74-33858, Waste-Product Pollution
of Bodies of Water and Waste Water Puri-
fication; N74- 21733, On Waste Product
Loading of Waters and Waste Water Puri-
fication.

POWER-FACTOR CONTROLLERS
The TSP'’s regarding motor power-factor

controllers allowed us to evaluate several
vendors of these devices. Also, the TSP’s
helped us to establish that PFC’s were a
valid energy saving device. We have pur-
chased and installed several, representing
considerable savings on over-rated motors.

Tom Miller

Senior Engineer

Allied Bendix Aerospace

Fort Lauderdale, FL

Not only does NASA Tech Briefs appreci-
ate your comments, but we are sure the De-
partment of Energy echoes our sentiments.

PHOTOGRAPHIC & IMAGING
TECHNOLOGY
I would like to see articles presented on

the following: photographic & imaging
technology re: optics, film, chemistry. Also
more attention devoted to television signal
distribution, video switching & control, TV
cameras, scan-conversion techniques, etc.
Please send index on this if available.
Thanks,

Anthony R. Kaseta

Engineering Staff

Crosspoint Latch Corporation

Clark, NJ

continued on page 167
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would seem unlikely that models
for American automobiles are

still made of wood. Yet, by and
large, this is the case: based on
computer-generated designer
specifications, models are hand-
made of laminated Cativo wood.

This time-consuming process is
currently being revolutionized with
the aid of a material develaped by
Ren Plastics, a subsidiary of CIBA-
GEIGY Corporation, East Lansing,
Michigan. Ren devised the material
in response to Space Shuttle prime
contractor Rockwell International’s
need for a model material with
which to test their numerically-
controlled (NC) machines—digitally
instructed precision cutting
machines programmed to fashion
the 30,000 individual heat-shield
tiles which cover the shuttle.

Rockwell’s selection of a
polyurethane foam material had
been overruled by both NASA and
OSHA, who cited the foam’s poten-
tial combustibility, and the cost of
using the actual tile material—a
special form of silica—for testing
the NC programs was prohibitive.
Suggestions from twenty-seven
companies for use of existing
materials proved unacceptable, and
out of that field Ren alone agreed to
undertake the necessary research

I n this age of the computer, it

ccomplished

and development to create a new
master model material which would
meet both safety and design
specifications.

The successful material—
technically known as the TDT-177-51
Ren Shape™ epoxy model block,
and more familiarly as the “space
block” —exceeded even Rockwell’s
expectations by allowing further
refining of NC programs, thereby

enhancing the machines’ productivity.

After its initial success, the Ren
Shape, which consists of a newly
formulated epoxy resin filled with
minute glass globules, began attrac-
ting the attention of companies in a
number of industries where the high
costs of materials and labor in-
herent in traditional modeling pro-
cesses were under scrutiny.

In response, Ren developed and
marketed the Ren Shape line of
master materials—epoxy blocks and
boards which can be sawed, sand-
ed, carved or machined for use in
commercial applications.

A variety of industries are current-
ly using the Ren Shape line in their
precision modeling processes,
among them the foundry, toy,
vacuum-forming, aerospace and
automotive industries.

Visioneering, a Fraser, Michigan
company which produces master
models for both U.S. and European

NASA and new technology go
hand-in-hand. As its projects become
increasingly sophisticated, so do
its demands for technological
innovation. Often, systems,
methods and devices pioneered
for NASA are re-applied in the
private sector, obviating duplicate
research and fostering productivity.
The “space block,” developed for
the Space Shuttle program, is one ex-
ample of NASA technology finding
re-application in private industry.

automobile companies, and a
number of U.S. aerospace com-
panies, currently uses the Ren
Shape line in place of wood,
urethane and other traditional
modeling materials. Visioneering
has determined that Ren Shape
boards take 10 percent less time to
machine and finish than wood, and
the company is pleased with the
material’s dimensional stability.
(Unlike wood, the epoxy resin does
not “grow” when subjected to ex-
treme temperature or humidity.)

Visioneering's clients, particularly
European automobile manufacturers
who use their models for up to ten
years, are pleased with the new
modeling material, and American
manufacturers, who typically
replace their models annually, are
exploring the use of epoxy modeling
materials in their efforts to
streamline production processes.

Now that the time-honored prac-
tice of making models out of wood
has met its technological match, it's
probably safe to say that Ren
Plastics has created the shape of
things to come.

At left, a Visioneering engineer checks
tolerances for an autohood model
made from Ren epoxy resin model
material. The new material was original-
ly developed for modelling Space Shut-
tie thermal tiles. Above, Visioneering’s
numerically-controlled Duplex Milling
Machine cuts model parts from Ren
Shape boards. The Ren Shape line is at-
tracting private sector interest as a
replacement for traditional modeling
materials used in automobile,
aerospace and foundry industries.
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This document was prepared under the sponsorship of the National
Aeronautics and Space Administration. NASA Tech Briefs is
published quarterly and is free to engineers in U.S. industry and
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
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Further information on innovations—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
completing a TSP Request Card, found at the back of this
volume. Further information 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.

Patent Licenses—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.

Other Technology Utilization Services—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 pages 28-30. In addition, an extensive
library of computer programs is available through COSMIC, the
Technology Utilization Program’s outlet for NASA-developed
software.

Applications Program—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 profesionals 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.

Reader Feedback—We hope you find the information in NASA 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.

Advertising Reader Service—Reader Action Card (RAC): For further
information on the advertisers, please circle the RAC number on
the separate Reader Action Card in this issue.

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.

This document was prepared under the sponsorship of the National Aeronautics and Space Administration. Neither Associated
Business Publications, Inc., nor anyone acting on behalf of Associated Business Publications, Inc., nor the United States Govern-
ment nor any person acting on behalf of the United States Government assumes any liability resulting from the use of the informa-
tion contained in this document, or warrants that such use will be free from privately owned rights. The U. S. Government does
not endorse any commercial product, process, or activity identified in this publication.
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Letters continued from page 164

Enclosed are indexes for NASA Tech Briefs 1976-1980. If, after
looking through the indexes, you wish to order individual Tech
Briefs or additional supporting information, you may do so.
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would like to receive a subscription to this publication.
W. M. Kelly
Principal Design Engineer
Boeing Aerospace Co.
Seattle, WA
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development wishing a personal copy of NASA Tech Briefs can
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cribes portable, battery powered units capable of speeds
up to 50,000 rpm, remote reading up to 100 feet away, and
ao-powered units for continuous measurement of speeds
t050,000 rpm. Pioneer Stroboscopes can be usedto study
machine behavior or used as an electronic tachometer.
Tachometers and stroboscores are available with digital
oranalog readout. Complete line of Pioneeraccessories is
also described.

Send for your free copy today!

?IONEER

ELECTRIC & RESEARCH CORPORATION
743 Circle Avenue e Forest Park, lllinois 60130 7 Phone 312/771-8242
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Honeywell, Martin Marietta and Orbital
to create a new privately financec

Commercial Space
In the early 19607,
Honeywell pioneered Ring
Laser Gyro technology. Now we
are working together with Orbital
Sciences Corporation and Martin
Marietta to pioneer the opening of
space as a commercial frontier.
Orbital Sciences Corporation
(OSC) recognized that something could be done
to reduce the high cost of space transportation.
So they developed a vehicle with Martin Marietta

for the purpose of low cost, highly reliable
commercial space transportation.

Reliability

OSC, as the entrepreneurial firm responsible
for making this project a success, needed team
members who would be able to perform to the
extreme demands of technical challenge, fixed cost
and on-time delivery with a system that worked
the first time. And every time.

That’s why OSC and Martin Marietta came
to Honeywell. We have demonstrated 25 years of




sciences Corporation are working together
ommerclal space vehicle.

reliable high performance on virtually every major Teamwork
American space program. From Project Mercury to If you would like to know more about

the Space Shuttle, Honey-  our work with Orbital Sciences Corporation and
well reliability has been a Martin Marietta or how we could work with you,

| part of over 740 flightsinto  contact: Larry N. Sggi?(l)‘nt, Space and Strategic

space. The selection of Avionics Division, U.S. Highway 19 South,
oneywell’s Ring Laser Clearwater, Florida 33546. Phone 813/539-5502.

Gyro technology was Together, we can find the answers.
| based on its :'?w cost, ex-

— ceptional performance

capabilities, and its highly reliable operation in Hon eywe |
over 1500 Laser Inertial Navigation Systems (LINS). PSP
Above photo used with permission of Orbital Sciences Corporation ©1984 Orbital Sciences Corporation
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THE WORLD NEEDS A PLACE LIKE NO PLACE
ON EARTH-NASA SPACE STATION.

A manned space station will offer now, and new ones a space station =~ manned space station. And already
governments, industries and people can help create. we're developing the pharmaceu-
opportunities that cannot be A manned space station will help tical technologies and the produc-
matched on Earth. promote understanding. It will offer tion factories that will find their full

It will make possible technology  the people of the world an oppor- potential in the space station
advances held back by Earth’s tunity to unite in peaceful enterprise. environment.
limitations. The space environment  And a manned space station At McDonnell Douglas, our capa-
offers a weightless, vibrationless, will help America maintain its bilities are focused on making a
moistureless, soundless vacuum in momentum in space science and space station a reality by the next
and with which to work; an obstruc- exploration. decade—and we offer exciting op-
tion-free perspective for scanning  An experienced team. portunities to companies and the
our planet and a host of other out- We have teamed with Honeywell, men and women in them who want
of-this-world advantages. IBM and RCA for a major segment  to help.

A manned space station makes of a NASA contract for definition Because the world needs a place
good business sense. A space station and preliminary design of the like no place on Earth.
can revolutionize medicine, metal-
lurgy, communications, energy /\/
generation, meteorology and ' \ - MCDONNELL
dozens of other sciences and \ & F 7IDOUGILAS /\(/

technologies—ones that exist

©1984, McDonnell Douglas Corporation
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