


Artificial intelligence and robotics: giving machines the ability to sense,

reason and act.

Much as it may burt to
think so, many things
might be done better by
independently functioning
machines than by humans.
Certain tasks may require
superhuman precision or
speed, or need to be done
where humans can't go.
Martin Marietta is
creating systems that
combine the ability to sense,
reason and take action —to
function autonomously
and intelligently. And we
are exploring ways to put
them to work on a variety

of tasks.

Traveling robotic
servicer arm
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Do-ck_ing and refueling for
Orbital Transfer Vebicles

In space: ]

better ways to - <3
do servicing. Orbital Maneuvering
NASAs manned space , Vehicle

station and orbiting
satellites will require the use
of many robotic devices
driven by artificial
intelligence.

Inspection and
repair module

Satellite



Analytical intelligence

programming -\ ;

Autonomous robots

Al faster manufacturing
Faa and inspections.

Sensor and

HIE—» With creative intelligence tool
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stemming from software
that we are developing,
autonomous robots can Tool station
quickly and efficiently
perform batch
manufacturing and

_ precision inspections, even
choose their own tools.

TV camera o RN

Binary image —
deciding road properties Laser scanner
Drawing “tiles,"
centerline —
A moege = recovery of depth
Omn the road:
autqnomous = ot
navigation. R A direction and con
AILIR g : on TV image . Autonomous
Artificial intelligence e Land Vebicle
systems that use advanced L) s e
sensory perception Al o g o
technologies are being L5 __—%

developed and demonstrated
in the Autonomous Land
Vebicle. Already able to
follow roads, this mobile
test bed will eventually be
able to plan its route, avoid
qbstacles and even thread i MGt Carpoeation

its way across country. 6801 Rockledge Drive, Bethesda, Maryland 20817, USA




Making sure

“We provide the

engineering and management
assistance required for successful
space operations. With 6,000
employees worldwide, we comprise

a large experience base for aerospace
engineering and operations, from system
concept and design through integration,
test, launch, and mission support.’’

Harry Clark
Space Operations Manager

The Space Transportation System must!
Vitro Aerospace Systems Engineering

This Vitro experience accounts for much of our
success in helping NASA meet the complex de-
mands of the space transportation system and
space station.

The Vitro staff has the experience, knowledge,
skill, and familiarity with space systems hardware,
software, management, and operations to pro-
vide effective overall program integration. Their
aerospace engineering, management, and
operations experience includes commercial and
government space launch vehicles, payloads,
and launch and mission operations systems and
facilities.

In addition to expertise in aerospace engi-
neering, management, and operations, Vitro has
developed a comprehensive array of supporting
technical skills. These include software develop-
ment, maintenance and maintainability plan-
ning, information management, and logistic-
support,

Vitro meets mission requirements on time and
within budget. We stand ready to meet your aero-
space needs with our experience, teamwork, flex-
ibility, and rapid response. . .to continue a tradi-
tion of engineering excellence.

ar
Turning Today'’s
l m Technologies
Into Tomorrow’s Systems
CORPORATION

14000 Georgia Avenue, Silver Spring, Maryland 20910
For information call our Marketing Manager, (301) 231-1300
A Unit of the Penn Central Federal Systems Company
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AT&T Bell Laboratories
scientists have generated a beam
from a diode laser with a frequency
spectrum 1,000,000 times narrower than
that of today’s most advanced
commercial semiconductor lasers.

Part of a record-breaking coherent
hght\k ave system, th1< laser ‘peels

S away’ a tremendous
number of unwanted
frequencies that can
clutter up a beam—to
create a lightwave so
pure, its frequency
variance is limited to
1 part in 40 billion. The
equivalent of one drop
of ink in a million-gallon, Olympic-size
swimming pool.

Purity Has Its Rewards
The new narrow-spectrum laser is the
key element in a coherent lightwave
communications system that increases
the information-carrying capacity of
an optical fiber, as well as the distance
over which an unboosted laser beam
can be received.

Increased capacity comes from
dramatically increasing the number
of individual laser beams that
can be sent through a fiber’s best
transmission window.

Each laser in a coherent
system produces an exceptionally
stable, pure wavelength—allowing
thousands of non-interfering
wavelengths to travel side-by-side on
a fiber. (Only a handful of beams can
be combined using today’s commercial
semiconductor lasers.)

Dial ‘M’ For Movie

In the future, the capacity of coherent
transmission could allow us to send
10 million conversations—or 10 thousand
digital TV channels—simultaneously,
on a single fiber.

Or, using the full capacity of a
fiber, a coherent system could dump
a movie like ‘Gone with the Wind’ into
a home memory unit in one second flat.
Or deliver Beethoven’s ‘5th’ in less
than a 50th of a second.

Making A Little Go A Longer Way
Increasing capacity is important in an
age of rapidly expanding information

Adropin
40,000,000,000

needs. But so is reducing costs—in this
case, by nearly doubling the distance
an unboosted signal can be received.

A newly developed AT&T coherent
lightwave receiver contains its own
narrow-spectrum laser. The beam
from this laser reinforces the transmitted

al as it detects it—a technique only
possible with two such pure beams.

Using this receiver, AT&T has
achieved a laboratory transmission
record of nearly 100 miles at a data rate
of 1 billion pulses per second.

We Don’t Keep The Future Waiting
Coherent lightwave transmission is
just one of the ways AT&T is working
toward the high-capacity, high-speed
integrated networks of the future.

Meanwhile, we're bringing
tomorrow closer with leddmg-e(lge
lightwave systems we'’re building today.

AT&T this year introduced a
commercial lightwave system—the
F'T Series G—designed to operate at up
to 1.7 billion bits per second, a rate that
permits the transmission of 24 thousand
simultaneous calls on a single pair
of fibers.

And by 1988, we'll have installed
the first transatlantic and transpacific
lightwave systems to Europe and the
Far East—systems capable of transmitting
40 thousand simultaneous conversations
on two pairs of fibers.

Clearly, whether on land or
underseas, AT&T is lighting the way in
lightwave. And peeling the laser beam
is part of it.
© 1986 AT&T Technologies, Inc.
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ENHANCE YOUR

PRODUCT
RELIABILITY!

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

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

* HEAVY TRUCKING &
TRANSPORTATION
* PRINTING EQUIPMENT

¢ AUTOMATION &
PACKAGING
MACHINERY

¢ AIRCRAFT—

AEROSPACE

* OFF-HIGHWAY SPECIALLY
CONSTRUCTION DESIGNED
EQUIPMENT LINKAGES

* FARM MACHINERY
AND EQUIPMENT

* RACING CARS OF ALL
TYPES

* AND MANY MORE. ..

Let Aurora Bearing apply its
manufacturing, application,
and design expertise to your
needs. Call or write today for
technical assistance, price
and delivery on your rod end
and special linkage applica-
tions.

WRITE FOR
CURRENT

CATALOG aQ CQ b

TELEX: 280079 AUR BRGS
THE MOTION-TRANSFER SPECIALISTS

¢ -¥  AURORA BEARING COMPANY
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1ne chaiienge
of transferring

FAIRCHILD CONTROL SYSTEMS DEVELOPED THE
STANDARDIZED SPACECRAFT REFUELING COUPLING

Until now, the useful life of a
spacecraft has been limited by
the quantity of propellant and
other consumables on board at
launch. At Fairchild -today,
that’s being changed. The first
steps toward indefinite space-
craft utility are being taken
through the development of the
Standardized Refueling Coup-
ling. Under the auspices of the
NASA Johnson Space Center,
Fairchild is working to make
spacecraft serviceability a real-
ity. The Standardized Refueling

Coupling will allow payloads

like TRW’'s Gamma Ray Observ-
atory to be resupplied with
hydrazine in orbit. Designed to
be safe for manual servicing,
the Standardized Refueling
Coupling is easily adapted to

automated operation. If your
involves serviceable

future
spacecraft, contact Fairchild

Control Systems Company to
learn how the Standardized

Refueling Coupling can make
the future happen.

FAIRCHILD

CONTROL SYSTEMS COMPANY

Fairchild Control Systems Company

1800 Rosecrans Avenue
Manhattan Beach, California 90266

Tel: (213) 643-9222
Telex: 910-325-6216




Skylab 1973 &

Apollo 1967
RCA was there. RCA was there.

Semniee ¥ e® T arm '

RCA has the track record.

Tracks on the path to Space Station. e Qutstanding ability to integrate ¢ Qutstanding ability to work produc-
Since 1964, RCA has been there —a communications and tracking tively with NASA colleagues.

key factor in every NASA manned systems. « Outstanding ability to perform under
space project. « Outstanding ability to deliver on pressure — RCA systems have
Along the way, we've left some large forecasts — costs as well as never failed in flight.

footprints of our own: schedules. As part of the McDonnell Douglas

team, we look forward to a major role



Columbia 1981

RCA was there. M

Apollo Soyuz 1975 N
RCA was there. i S

in Space Station development.

Twenty-two years of on-the-job
training; tested professionals at all
levels; seasoned managers who have
demonstrated again and again they
can control programs so that fore-
casts indeed become reality . . . that's

Pl

RCA. Or, in other words, hardware that

works well with other hardware; peo-

ple who work well with other people. “c "

It's a persuasive track record that

makes RCA a logical choice to help Aerospace and Defense

achieve the next logical step. Communication and

Information Systems

Circle Reader Action No. 393



Once Upon A Time In
A Land Far Away. ..

t's dollars to doughnuts that if
Gutenberg had invented the printing
press a couple of centuries earlier,
there'd have been a Palos Post or a
Barcelona Times editorial questioning
Queen Isabella’s sanity. | can see it now

Is This Trip Necessary?

BARCELONA, April 30, 1492—Racked
with a deficit left over from the Crusades,
plus the heavy burden the recently com-
pleted Moorish wars have placed upon the
treasury, our Good Queen Isabella has
seen fit to underwrite the peregrinations of
an itinerant Genoan boat bum who can't
even get the support of his own
government.

Why? To find a new route to the Indies

a place we can reach perfectly well by

land! First, he's an odds-on favorite to fall off
the edge of the earth. Second, even if he
doesn't fall off, it doesn’t mean we're going
to discover any new routes. Third, there are
far more pressing projects. We've got an In-
quisition to fund. Our fight with the Moors
won't be finished until every last one has
been converted.

Moreover, national defense is para-
mount. Our enemies hound our flanks

and one of them will probably capture

Columbus's entire expedition anyway.

We would be better off increasing our
subsidy of the Flat Earth Society and leav-
ing the trailblazing to the Dutch, or any other
nation foolish enough to pursue it. If The
Throne feels it must pursue the matter, it
should send unmanned craft on such a
dangerous expedition.

Not Again!

PALOS, March 15, 1493—Crepuscular
Chris is back, with the Santa Maria wreck-
ed and the Nina badly damaged. Just as we
predicted, no benefits. His new route to the
Indies ends up in an uncivilized area of the
boondocks which is inhabited by naked
savages to whom the wheel is big news.
Their mechanical ability is exceeded only
by their artistic expression, which seems to
consist of painting their bodies with mud
before eating each other. And they smell
just as good as you'd expect.

And he has the gall to want 17 more
ships to go on another expedition? Colum-
bus's ventures are a hole in the water into
which our Good Queen is determined to
throw money. It is high time Ferdinand
brought her to her senses and determined
a sensible policy for Spanish exploration.
The monarchy should assign the Navy a

goal that justifies risking lives at sea.
Resuming the old policy is not the way to
learn from the Nina and Santa Maria
disasters. The loss of these ships is the right
occasion to free the Navy from its aimless-
ness and at long last give its engineers
another project worthy of its skill. . .an
Armada, for example.

Columbus
Mismanagement
Mounts Into Millions

SANTANDER, January 12, 1499—
Columbus, his contractors, and staff (some
of whom are his family) have wasted
millions of Spanish doubloons on the Indian
expeditions, despite warning after warning
from Empire courtiers that these losses
were occurring through bad management.
Not only was the entire first settlement
wiped out by Indians, but the current
Hispaniola settlement seethes with discon-
tent because of poor food, poor living con-
ditions, and inept native labor that produces
far less gold than Columbus had promised.
It is obvious that his vainglorious project will
never be commercially viable.

Experts inside and outside the Empire
say such faulty administration procedures
have severely hurt the Spanish exploration
program. The Admiral of the Mosquitos
has brought the Empire only the discovery
of lands of vanity and delusion which have
been the ruin of many a Spanish gentle-
man. It is at least heartening to know that
Bobadillais investigating the whole mess
and has sent Cornucopia Chris and his
brothers back to Spain in chains for a full
accounting.

e o o
The news media’s job is to jump quick-

ly on the news and report it. Disaster and
blame sell a lot more papers and television

time than the technological breakthroughs
that enhance our daily lives, though the lat-
ter outnumber the former exponentially. We
can't change that, but we can remind the
media and our elected representatives of
the benefits we all have derived and will
continue to derive from the space explora-
tion process.

We estimate that we have received
about 8,000 feedback cards since we
privatized Tech Briefs. I've read almost all
of them, and they are a spur and a delight.
Your positive reinforcement makes us all
proud, and your suggestions spur us to im-
prove what you have overwhelmingly af-
firmed is already an excellent product. In all
the thousands of comments | have read, |
don't remember a dozen that were really
negative. Many of you have said that what
we're doing should be more widely known.
We're trying to make sure that happens;
we've increased circulation over 50% in
the past 18 months, and we're growing
every day.*

The news media and Congress have
been eager enough to point out everything
that's wrong with NASA. Your comments
show that you know well the work NASA
has done and continues to do right. Keep
the comments coming to us, but more im-
portantly, share them with your local media
and your elected representatives. Your
input is important. [J

gk

/-I) ) -l
T hic \Clnane

-~

* Look for a bonus this year. . .an extra
issue. NTB's Computer Preview '87 will
look at NASA's software and hardware
at headquarters, at each of the field
centers, and at COSMIC

NASA Tech Briefs, July/August 1986



General

This series of advertisements is presented in the
interest of providing information that may help you do
your job for the U.S. Government better and more
economically.

Today, with budget-cutting a common objective, we
would like to highlight a few of the newer breakthroughs
in 3M’s line of more than 40,000 products that might be
especially effective in helping you realize significant
savings in your operations.

Moreover, the Federal Systems Department/3M
stands ready to help you expedite procurement.

A silver lining

A special 3M silver film has been developed with a
capacity for 95% specular reflectivity — the highest
reflectivity of any material currently available.

This “silver lining” is the secret of Silver/ux™ Fluores-
cent Reflectors, which can be installed easily in existing
fluorescent fixtures. Because of their remarkable reflec-
tivity they allow optimum lighting with as few as half the
normal number of fluorescent lamps.

With the cost of office lighting running 40% to 60% of
the average office energy budget, half the number of
lamps, half the ballasts, and half the energy consumption
mean big savings.

In addition, where air conditioning accounts for signif-
icant energy usage, the reduced lighting wattage with
Silverlux Fluorescent Reflectors means less heat and
correspondingly lower air conditioning requirements.

Storage savings

3M optical media make possible economies on a scale
unimaginable only a few years ago.

For example, a 1.2 gigabyte 3M Optical Disk stores as
much information as thousands of five-and-a-quarter-
inch floppy disks. That’s 1,200,000,000 bytes.

This high packing density means not only big savings
in storage space, but also even bigger savings in retrieval
time, since time spent searching out and inserting disks is
cut by factors in the hundreds and thousands.

3M has developed several types of optical disk for
industrial audio, video, and data storage and retrieval.
Read-Only Discs (3M “CD-ROM™ or new 3IM
“OROM?” for high-performance computer applications)
are for mass replication of large data bases and software
packages. Write-Once Optical Disks are user-recordable,

Fourth of a se?es

and provide for storage of permanent documents such as
medical, military, and law-enforcement records.

And among our latest breakthroughs, 3M Erasable
Optical Disks use a laser to read, write, erase, and write
again.

These versatile disks store large amounts of data, and
also let you change and update information quickly,
easily, and economically.

3M engineers will be pleased to work with you directly
to develop any special application you may envision for
the exciting new technology of the optical disk.

Cut costs two ways

Surprising as it may seem, one 3M product can cut
both your heating and your air conditioning bills.

Through a patented 3M technology, Scorchtint™ Plus
Window Film cuts heat loss through windows by 20% to
48%, and also rejects 60% to 77% of the sun’s intense
heat — before it even enters your building.

On average, for every 100 square feet of sun-lit glass
covered with Scorchtint Plus Window Film you can save
one ton of air conditioning.

And your people feel cooler in summer, warmer in
winter (even next to windows), and are protected from
glare — factors likely to significantly improve their
productivity.

Durable and attractive, Scotchtint Plus Window Film
is available in a variety of densities and colors.
(Contract number: GS-00F-79368)

Conclusion

3M is a pioneer and world leader in a wide range of
disciplines and technologies.

From photographic film to magnetic tape to optical
media.

And expert in the fields of precision coatings, optics,
polymer chemistry, and adhesives.

If you need to reduce costs and improve productivity,
3M may have a solution for you.

For more information just call 800-328-1684 toll free
(or 800-792-1072 in Minnesota). Descriptive literature
will be mailed to you without cost or obligation. Or if
you wish, a 3M representative will call you for an
appointment at your convenience.

Just call 800-328-1684
(In Minnesota 800-792-1072)
Silverlux, 3M, and Scotchiint are registered trademarks of 3M.

3M hears you. . .

Federal Systems Department/3M
1101 Fifteenth Street, N.W.
Washington, D.C. 20005

Circle Reader Action No. 422
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An aerial view of Kennedy Space Center shows the 525-t. tall
Vehicle Assembly Building. Adjacent to it on the left is the
Launch Control Center. The Orbiter Processing Facility is on
the right and the three-mile long shuttle landing strip is in
the background. At extreme left, a Mobile Launch Platform
rests atop a crawler-transporter. Above right: The orbiter
Columbia undergoes modification.

Space Center:

Gateway to the
Last Frontier

n the Orbiter Processing Facility at Kennedy Space

Center, teams of technicians move briskly up and

down stairs and across walkways. A PA system
crackles in the background, and overhead the orbiter
Columbia rests in the high bay, her sweeping dimensions
obscured by support structures and equipment housings.
Minus her main engines, nose cone, elevons and
assorted other components, Columbia looks strangely
vulnerable—not at all the paragon of 20th-century
aerospace technology. For an instant one glimpses the
irreducible simplicity of the flying machine, an image
quickly swept away by the awesome sophistication of the
totality. Up close, the shuttle is a technological proof that
the whole is greater than the sum of its parts.

The atmosphere in the Orbiter Processing Facility is
charged. Technicians, some of them clad in lint-free caps,
coveralls and booties—"bunny suits"” in the vernacular
—attend to the maintenance and modification needs of
the premiere orbiter. Columbia's wings are being re-
inforced and strengthened, “beefed up” so that the next
time she flies, she'll be capable of carrying heavier pay-
loads. Her delicate electronic systems are inspected and
tested, again in preparation for her next spaceflight.

It's a far cry from business as usual, but it's business
nonetheless at the John F. Kennedy Space Center. The
next shuttle launch may be at least a year away, but

there's work to be done and schedules to be met just
the same.

13



Kennedy

Establishing Capabilities

Launching space vehicles has been the
focus of activity on Cape Canaveral for
over 35 years. Beginning with captured
German V-2 rockets in the early 1950s, the
launch litany progresses through
Redstone, Thor, Atlas, Scout, Centaur,
Jupiter, Delta, Titan and Saturn rockets,
culminating with the space shuttle.

Nearly every expansion in launch capa-
bility has been accompanied by a new
launch pad or some other form of facilities
expansion. NASA's Launch Operations
Center, which was formally established at
the Cape in 1960, has grown up quickly.
Originally a field office of the Marshall
Space Flight Center, the Launch Opera-
tions Center was tasked with handling
NASA affairs at the Cape. It was given full
NASA field center status in 1962, and
renamed for the late John F. Kennedy in
1963. With the advent of the Apollo
program, expansion at Kennedy Space
Center gained momentum. Facilities
multiplied fivefold, expanding inland off the
Cape proper to adjacent Merritt Island.

Today, Kennedy Space Center covers
88,000 acres on the east coast of central

Florida. Complex 39, the centerpiece of
the Apollo-era expansion, includes a
number of new facilities, among them the
mammoth Vehicle Assembly Building
(VAB), which is visible from a distance of
several miles and reportedly encom-
passes the largest enclosed space in the
world. The 525-ft.-tall VAB was designed
to accommodate the long and lean Saturn/
Apollo vehicle, and today it is used to mate
the shuttle orbiter with its 15-story external
fuel tank and solid rocket boosters.
Other Complex 39 facilities include
three mobile launcher platforms, upon
which the shuttle systems are assembled
before being moved to the launch pads,
39A and 39B. Both pads were built for
Apollo launches, and their fixed service
structures and other ground support equip-

ment were modified for the shuttle program.

The job of moving the assembled shut-
tle system to the pad for launch is accom-
plished by crawler-transporters roughly
the size of baseball diamonds. The
crawler-transporters are powered by two
diesel engines and move forward on four
double sets of Caterpillar-like metal belts.
Each tread of the metal belts weighs a ton,
and fully loaded with the shuttle, the
crawler-transporter weighs a whopping
3%2-million tons.

Needless to say, it's not a quick sprint
from the VAB to the launchpad. The trip
takes nearly all day and progresses at the
rate of one-half mph. Computer-controlled
hydraulics keep the crawler's surface, and
the shuttle system, level during the three-
mile march to the pad. >
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TestingN
The MTS 810: Versatile Test
Automation Beyond a PC

The New MicroProfiler” Provides
Added Flexibility to Material Testing

Automation. The new MTS 810 mate-
rial testing system now offers a new
automation package called Micro-
Console™ PLUS. This desk-top
controller comes with special software
packages—the result of 20 years of
material-testing experience. The test
control and data acquisition capabilities
are several steps beyond a commer-
cial PC.

The software is MTS System’s special
version of BASIC. The language is inter-
active and friendly, to give you versatility
and flexibility. MicroConsole PLUS
hardware includes a powerful micro-
computer with 512 Kbytes memory,
Winchester plus floppy disc drives,
printer and more. You can get applica-
tion software from fracture mechanics
through tensile testing and more. Send
for details.

NEW VERSATILITY. The 810's new
MicroProfiler digital waveform gener-
ator adds versatility and flexibility to
testing. This microprocessor-based unit
generates and stores an array of test
profiles (56 Kbytesi RAM storage), blocks
(up to 90) and stores nine test pro-
%ams WITHOUT THE NEED FOR A

OMPUTER and with very high
resolution.

The MicroProfiler™ is the clear dark
area in this photo of the M TS 458.20
MicroConsole™
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MTS 810
Load
Frame

Now it's easier to perform tests like
tension, compression, bend, fatigue
and fracture. Easy operation—
pushbutton selection of 3 modes—
programmed, direct and remote. An 18
bit digital-to-analog converter gives you
high resolution. And you can select 1 of
9 rates at the touch of a button from a
remote location.

The unigue performance of the MTS
MicroProfiler allows you to perform
material tests which cannot be done
with an ordinary function generator.
Easy installation — nearly immediately
operable. Send for more details.
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MTS

Force

Strain

Force

MicroProfiler” Waveform Examples
Figure 1. Block Cycle
Block - ropeal Test for Flight
Tire Simulation.
_ Hold Perod
-
H1
Rl R2
Figure 2. Strain Cycle
Creep Typical of
Power Generation
Test Applications.
Time
H2 R3
H /a2 Figure 3. Waveform
Used for Civil Engi-
. neering Structure/
Tis Materials.

Free Extensometer
Catalog describes broad
test capabilities

This 24-page catalog details the variety
of tests which MTS Extensometers can
help you perform, such as fracture,
bend, fatigue and tension/compres-
sion. New products also are described,
such as: clip-on gage for testing in
hostile environments; averagmg axial
and biaxial-axial
extensometers; axial-
torsional extenso-
meters and more.
Send now for this
information-filled
catalog.
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Rock, soil, ice, concrete

test capabilities in free
brochure

If you do Geolechnical testing, this
informative source book can answer
questions about test systems and spe-
cialized equipment: triaxial cells,
in-vessel instrumentation, pore fluid
subsystems and more. Read how these
systems and MTS automation can
control stress and strain of your geo-
mechanic specimen, take data and
control environments in a triaxial cell.
Circle Reader Service #

MTS SYSTEMS CORPORATION
BOX 24012, MINNEAPOLIS, MINNESOTA 55424

TELEPHONE 812-837-4000 TELEX 29-0521

FAX B812-837-4515

MTS SYSTEM ENPE




Kennedy

Applying Technology

Beyond the rockets, launchpads, build-
ings and ground support hardware, a
wealth of related technology has grown up
around the launch activities at the Cape.
While much of it was developed to meet
the specific requirements of assembling,
integrating, testing and launching space-
craft, the technology spans a broad range
of disciplines, from inorganic coatings that
preserve launch structures to program-
ming languages and expert systems.

Computer systems and software devel-
opment is one area where NASA deserves
and in fact receives a good deal of credit.
During the '70s, NASA and its contractors
advanced a new generation of fail-safe
software for the shuttle's on-board com-
puter system. At Kennedy Space Center,
advances in networking capability and in

A KSC technician in-

spects the thermal tiles on Discovery’s wing.
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software development combined to form
the Launch Processing System, an elabo-
rate computer universe that automatical-
ly performs the bulk of shuttle checkout
and launch functions.

Kennedy Space Center's innovative
Common Data Buffer System was devel-
oped to provide the communication inter-
faces necessary to maximize the parallel
processing capabilities of some of the
system’'s newer computers. The flexible
data buffer system allows many different
brands and varieties of computers to in-
teract in an efficient and error-free manner,
greatly enhancing the speed with which
shuttle checkout, testing and launch
operations take place.

Another computer systems develop-
ment tied to the shuttle erais GOAL, one
of the first near-English programming lan-
guages. GOAL was developed to avoid
the translation problems that can arise be-
tween the engineers who develop shuttle
checkout and test procedures, the pro-
grammers who encode them, and the
technicians who perform the actual opera-

tions. Using GOAL, engineers were able
to write their own procedures into the soft-
ware, and from there they could be follow-
ed through directly by technicians.

The computer systems development
that took place at Kennedy Space Center
throughout the '70s and early '80s was
designed to provide specific responses to
the equally specific questions posed by
the implementation of the new space
transportation system. Questions such as
how do you process and control the shut-
tle? how do you integrate the largest
distributed computer system in the world?
and how do you circumvent the translation
problems between systems engineers
and technicians were addressed through
applied technology development projects.

In the '80s, technology applications proj-
ects continue to command a great deal of
attention and effort at Kennedy Space
Center. The focus is on the development of
technology-intensive (as opposed to man-
power-intensive) methods for assembling,
servicing, testing and launching the space
shuttle. The ultimate goal of these projects
is to reduce to number of ground opera-
tions man-hours per space shuttle flight by
50%, at the same time reducing shuttle
turnaround time substantially.

Expanding the
Technical Base

Kennedy Space Center's Robotics Appli-
cations Development Laboratory is con-
ducting studies to determine where the im-
plementation of robotic systems could
reduce the number of man-hours needed to
assemble, service and test the shuttle prior
to launch. Different time-critical, hazardous
and repetitive labor-intensive operations
that could potentially be handled partially or
completely by automated robotic systems
have been identified, and these are current-
ly being evaluated by laboratory personnel.
Time-critical applications include the
assembly of the space vehicle and the ex-
ternal tank, and the installation and integra-
tion of payloads. The application of robotic
systems to hazardous tasks focuses on the
loading and unloading of the hypergolic and
cryogenic propellants that fuel the shuttle.
A number of repetitive tasks, such as spot
welding, that could eventually be perform-
ed by robots are being studied as well.

Kennedy's Robotics Applications Devel-
opment Laboratory is currently equipped
with an electrically driven, ASEA robot
composed of a six-axes arm with inter-
changeable end-effectors or “hands.” Itis
controlled by a user-friendly computer brain
that allows it to carry out its functions
autonomously, rather than being tele-
operated by a person. The prototype robot
will supply the baseline data upon which
more complex tasks and integrated
“smart” robotic systems can be developed.
It is expected that both the space station
and the next generation space transporta-
tion system will rely heavily on robotics and
other automated systems, so beyond its
immediate applications orientation, the

Robotics Application Development Labora- »
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When you come to Panasonic*
for your industrial video require-
ments you're getting more than
the world’s largest selection

of video components and
accessories. You're also getting
the quality and reliability that
has long been a trademark

of Panasonic

Production

For sophisticated productions
Panasonic has just what you
need. Including a wide variety
of single-tube and three-tube
cameras as well as special-
effects generators and /2" and
%" editing systems

For documentation, there

MASIC
wWiNDOW

coos

GSOOK85AGS0047

THE ONLY NUMBER YOU NEED TO KNOW
FOR ALL YOUR INDUSTRIAL VIDEO NEEDS.

are a variety of lightweight
cameras and portable VHS
recorders and camcorders
All with features to make
documentation simple and
fast. Like One-Touch Record-
ing, Automatic White Balance
and Auto-Focus

Distribution

For your video networks
Panasonic offers a multitude

of VHS recorders and players.

There are even video decks
and monitors combined in

a single unit. And of course
you can find a large selection
of both black and white and
color monitors

Industrial Company
A roles LU LS R
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Surveillance

For your security and surveil-
lance operations Panasonic
offers a wide choice of CCTV
components. Choose from
Vidicon and Newvicon*
cameras in both color and
black and white. There are
small and ultra-durable solid-
state color and black and
white cameras, time-lapse
VCRs and, of course, monitors
in virtually every size and
every configuration

By now it should be clear:
there's only one name you need
to know in industrial video
Panasonic

For more information and your copy of the Authorized Communications Schedule Price List contact your local
Panasonic Industrial Video dealer or call (703) 486-5533 (FTS: (202) 486-5533) or write to Government
Marketing Dept., Panasonic AVSG, Suite 901, 1215 Jefferson Davis Highway, Arlington, VA 22202-4302




Technicians at KSC’s Orbiter Processing Facility install Spacelab in the shuttle cargo bay.

tory is coordinating intercenter work on
these future projects.

Artificial intelligence, particularly
knowledge-based expert systems, is an-
other technology Kennedy Space Center is
developing in the interest of streamlining
and improving assembly, servicing, test
and launch operations. Activities in this
area focus on control and monitor expert
systems and information management ex-
pert systems.

Development of the LOX expert system
for controlling, monitoring and real-time
diagnostics of KSC's liquid oxygen loading
system began in 1983. The LOX system
was to have gone on-line in the firing room
in November 1986, but owing to the current
shuttle stand-down, this date has been
postponed.

In the meantime, other expert systems
are being developed, using IBM AT's
and Symbolics computers. KATE, the
knowledge-based automatic test equip-
ment project, uses LES (the on-line launch-
pad environment expert system) as a base-
line for its automated hardware testing and
control system. KATE is capable of a varie-
ty of functions, including multiple command
control, multiple failure diagnosis and adap-
tive learning through reading and observa-
tion. The system is designed to identify
18
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failed test system components, determine
alternate solutions that will allow the test
to proceed, and restore the process by
commanding the activation of redundant
components.

EMPRESS, the expert mission planning
and replanning scheduling system, is
designed to capture the expertise of those
individuals who plan, construct and main-
tain shuttle mission schedules. EMPRESS
is a subset of a larger planning system in
that it deals specifically with payloads
manifested to fly on the shuttle. EMPRESS
defines the time, resource and task require-
ments associated with particular payloads,
and determines how particular payloads fit
into the overall scheme of mission planning.

The near-term goals of Kennedy Space
Center's artificial intelligence, expert
systems, and robotics development and
applications programs involve upgrading
the shuttle processing systems and soft-
ware that have, in the space of a decade,
become antiquated. The long-term goal is
to create the ultimate paperless manage-
ment system for the space shuttle. Multiple,
interactive expert systems will perform
checkout, test and launch procedures of
vehicles that have been assembled, fueled
and serviced in part by robots.

The proposed space station poses

another set of unique questions to Kennedy
Space Center. What is the appropriate pro-
gramming language for user interface?
How can artificial intelligence and expert
systems be applied to streamline space
station assembly, checkout, test and opera-
tional procedures? What roles can best be
performed by robots and other automated
systems?

Again, Kennedy Space Center's exper-
tise in developing and applying innovative
technology will be called upon to answer
the unique and task-specific questions that
arise at the edge of the last frontier.

Finally, though, there is no question
regarding what will be Kennedy Space
Center's most pressing task in the months
ahead. Restoring the space shuttle pro-
gram to safe and regular operational
capacity is a national priority, and Ken-
nedy'’s role in this process will be vital. All
things considered, the people at Kennedy
Space Center are optimistic. The somber
aura that descended in the wake of the
Challenger accident has begun to dis-
sipate, and while a subdued and sober
quality is still very much in the air, the
atmosphere there is charged with the com-
bination of determination, perseverance
and vision that makes spaceflight possible
in the first place. [J
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Straight Talk vs. Sales Talk '

T T R W T e

Before someone sells you a lab
quality wideband instrumenta-
tion recorder, wed like you to ask
a simple question—What about
tomorrow?

Is the machine that’s fine for
today’s task flexible enough for
next month’s project? Ne'xt year’s?

i

|
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What about reliability and
calibration?

Not to mention a close
look at the bottom line—
including the value of your time.

So, when you're shopping for
a wideband instrumentation
recorder, look for today and
tomorrow.

See who really measures up.

AHeadTo Head ,
ComparisoRe*, ===

Then look at Racal’s Storehorse.
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from machine to machine. You
get flat frequency response and
correct phase performance on
every replay.

With Storehorse they come
built in. That gives you remote
access to all deck functions and
signal channel parameters.

Racal
ADVAN CED Honeywell 101 Sabre 9
Calibration, ly Automa Manual Cali-  Manual Cali-
MONITORING AND Equalizati - \bration and bration and
tion and Replay /Equalization  Equalization
METERING Equalization ¢ with Internal ~ with Internal
- - Ry Verification Verification
An onboard Video Display  pe pan Panar Transtion. Taditonal  Tradional
i i ice, Approach with Approach wit
Umt S.aves yous tlme fOI‘ Tape Twist and Ta%% Twist a:ld Ta%i Twist and
more important things than Stretch Stretch Stretch
hand holding your instru- Remote E4BB&RSZIA\EEE 488 0r  IEEE 488
i it di Access to ,With  or L
mentathn. Because IF dlsplays bt oir imited Single Option
automatic problem diagnostics. Signal Channel _pelectionof ~ Only
rameters Functions
Size Upto42 Record/ Additional Additional
Reproduce Chassis Chassis
Channelsin One  Required Required

Portable Housing

-

OF WIDEBAND INSTRUMENTATION

RECORDERS

The VDU also lets you easily mon

itor signal, machine and tape status.

And you can even make non-stand-
ard adjustments quickly and easily.

BE PUSHY, CALIBRATE
AND EQUALIZE 42
CHANNELS IN 6
MINUTES

No other recorder in Store-
horse’s class lets you automatically
calibrate and equalize up to 42
channels. (In fact, most require
you add an extra cabinet to even
get 42 channels.)

Every signal channel adjust-
ment—from bias and record cur-
rents to replay equalization, is

What does that mean to you?

Well, first of all, you save an
incredible amount of time. And
what would you rather do—set
up tests, or run them?

What’s more, automatic equal-
ization guarantees optimal record
and replay characteristics—even

fully automatic. To IRIG Standards.

[EEE 488 AND RS232
INTERFACES

Sure the others can handle IEEE
488 and RS232, after you add the
extra-cost
interfaces.

VDU constantly
monitors record-
ing and machine
parameters.

Calibrate and
equalize 42
channels in
6 minutes.

/3210 120
inches/second,
210 42 tracks.

Automatic lock-
out and positive
cabinet pressure
all but eliminates
dust contami-
nation.
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ROADWORTHY

Best of all, the lab quality, auto-
matic flexibility of Storehorse is por-
table. With 28 channels or more, it
comes in a cabinet just about half
the size of the other guys.

[f you've got a use for up to
42 automatically calibrated and
equalized channels, with nearly
unlimited interface
capability, all in a por-
el table package, call
Shirley at Racal.

And find out why
only Storehorse
measures up.

RACAL

Racal Recorders Inc.

4 Goodyear Street,
Irvine, CA 92714 USA
Tel: (714) 380 0900
Outside Calif. Toll Free:
(800) 847 1226
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New Product
ldeas

New Product Ideas are just
a few of the many innovations
described in this issue of NASA
Tech Briefs and having promising
commercial applications. Each is
discussed further on the referenced
page in the appropriate section in
this issue. If you are interested in
developing a product from these or
other NASA innovations, you can
receive further technical information
by requesting the TSP referenced
at the end of the full-length article
or by writing the Technology
Utilization Office of the sponsoring
NASA center (see page 29). NASA's
patent-licensing program to en-
courage commercial development
is described on page 29.
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Retractable Sun Shade

A mechanism that unfurls a blanket to
form an arched canopy, developed for
Space Shuttle missions, can be adopted
to the shading of greenhouses, swim-
ming pools, and boats. A window-shade
type spring roller contains a tough,
opaque polyimide blanket, which is
taken up by a rotating cylindrical frame
and held over the area to be shaded (see
figure). When the roller motion is re-
versed, the blanket is drawn by its return
spring back into the spring roller.
Powered manually or by an electric
motor, the drive roller can be stopped at
any point to provide partial shade in-
stead of full shade.

(See page 94.)

Filter Bed of Packed
Spheres

A proposed filter would be constructed
from densely packed spheres restrained
by screens (see figure). Hollow gas-filled
plastic or metal spheres would normally
be used. These can be manufactured
within a 10-percent diameter tolerance.
Normally, all the spheres in a filter would
be of the same nominal diameter. The di-
mensions and surface coatings of the
spheres would be selected to provide the
desired physical and chemical properties.
Such a filter could be used as a sieve to
pass only particles smaller than a given
size or to retain particles larger than that
size. In the case of cells or other biological
materials, the new filter may be preferable
to older screen-type filters, which can
damage the cells or other filtrate particles.
(See page 140).
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‘ e Screens
|

\

|

i

|

Hydraulic Shutdown

Monitor

A simple modification enables a com-
mercial electronic load controller to be
used in an electromechanical system for
load monitoring and overload shutdown. A
four-pole, double-throw switch is added to
the front panel of the controller to disable
the tracking-error and endpoint-error cir-
cuitry yet still retain the overload-detection
capability. In the “disable’’ position, the ad-
ded switch overrides functions of the con-
troller that would prevent automatic shut-
down on overload during friction tests (see
figure). In the “‘operate’ position, the
switch allows the controller to operateiniits
normal fashion. Previously, it was neces-
sary to use adjustable-voltage-level detec-
tion equipment connected with cables to
the hydraulic ““dump’’ or shutdown cir-
cuitry in the controller.
(See page 30).

Tailorable Infrared Sensing
Devices

A proposed infrared sensing device
using a Ge,Si, _,/Si strained-layer super-
lattice may offer enhanced detection sen-
sitivity and could be tailored for a specific
cutoff wavelength over the range from 2.7
to about 50 um. The device (see figure) in-
cludes a large number of alternating thin
layers of Ge,Si, , and Si deposited on a sili-
con substrate by molecular-beam epitaxy.
When an electric field is applied across the
stack, it acts as a detector for infrared
photons. Such a structure could find a wide
range of applications in robotics, space ex-
ploration, and terrestrial surveillance.
(See page 36).

Infrared
Radiation

Thin Si

l t/ Contact Layer
Ge, Si; _,/Si
Superlattice

p-Type Silicon
Substrate
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THINK MORE LIKE A MAN

Grumman Data Systems’ expertise in artificial
intelligence is presenting the defense commu-
nity with some interesting alternatives.

In our Laboratory for Machine Intelligence
and Correlation, we're developing Al expertise
to meet the demands of tomorrow’s tech-
nology—today. We're pursuing leading edge
R & D efforts in expert systems, natural language
processing, correlation and fusion and

CUSTOM SOLUTIONS

for Managing Information

automatic programming.

The knowledge we've gained, especially our
experience with decision-making expert sys-
tems, has proven invaluable in developing suc-
cessful C’I systems, and in other applications.

If your project involves artificial intelligence,
talk to Grumman Data Systems. For more infor-
mation, contact Wesley R. Stout, Director,
Technical Services at (516) 682-8500.

Grumman Data Systems

GRUMMAN *

® A registerad trademark of Grumman Corporation
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Semiconductor Laser
With Two-Dimensional
Beam Steering

The proposed modification of a
monolithic semiconductor injection
laser capable of one-dimensional elec-
tronic beam steering should enable the
deflection of its beam in a second di-
rection. Such a laser chip could pro-
vide beam pointing or raster scanning
for applications in optical communica-
tions, data processing, image scan-
ning, and optical ranging. Two-dimen-
sional electronic steering of the beam
would be achieved by adding electrode
(contact) 3 to a laser (see figure) that
was previously capable of one-dimen-
sional beam steering. The laser beam
would come out of the page in the z
direction from the p-type base region.
(See page 37).

Cleaning of Liquid N,O,

A technique developed for cleaning
of liquid N,O, may be adaptable to the
cleaning of a variety of industrial fluids,
including fuels. Metal nitrate impurities
are precipitated from N,O, by cooling
the N,O, in a heat exchanger and then
passing it through a hydraulic pump.
The precipitate is then removed by a
fine membrane filter (see figure). This
process, used in filling the facility
storage tank, is repeated several times
by the recirculation of the stored N,O,
to remove as much of the nitrates as
possible. This system typically lowers
the iron content in liquid N,O, from as
high as 5.0 parts per million to about
2.0 or fewer parts per million.

(See page 103).

Interferometer for
Observing Compressible
Flow

A new optical interferometer (see
figure) enables the instantaneous visuali-
zation of compressible fluid flows. Be-
cause it is relatively immune to vibration,
the unit is well suited to the observation of
flows over models in large wind tunnels.
By noting the relationships between fringe
shifts, refractive indices, and densities, an
experimenter can map the flow-field densi-
ty contours. The interferometer can give a
quantitative, time-resolved characteriza-
tion of the flow field and has been demon-
strated by producing images of the flow
around a candle, a propane torch, a heat-
ed cylinder, and an oscillating airfoil in a
wind tunnel.

(See page 60).
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data bases

and private industries

¢ Analyzes new product
potential

® Assesses patentability

Center (STAC)

STAC has untangled some tough technological jams.

For people like you—who are ready to take
your ideas from the drawing board to the
marketplace . . . STAC can tackle your
problems using worldwide resources.

STA

¢ Conducts information research utilizing 685 computer

¢ Locates experts in federal labs, NASA, universities

® Assists SBIR proposers

Call the experts at NASA-
Southern Technology Applications

at (800) 225-0308.
In Florida call 1-800-FL-HI-TEC.

NASA SOUTHERN
TECHNOLOGY
APPLICATIONS CENTER
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NO OTHER POSITIONING SYSTEMS
OFFER SO MUCH FOR SO LITTLE.

Simply the best: every system delivers 0.1 micron or 0.25
arc second resolution, at high speed, for 20% less money
than the competition.

What you see here is a four-axis UNIDEX™ XI
motion controller, coupled with a 200 Series
ACCUDEX® XZ6 stage. It is just one position-
ing system out of thousands from Aerotech.
Fourother UNIDEX models, for up to six axes of
motion, are available—along with five series of

.

In the United Kingdom: Aerotech Ltd., 19A Livingstone Road, Newbury, Berkshire, RG14 7PD @ (0635) 46313 ® TLX 847228

linear stages (travel up to 1 meter) and rotary
stages (diameters up to 305 millimeters),
accommodating payloads up to hundreds of
kilograms.

These systems and their components have
all been designed, engineered and manufac-
tured by Aerotech and are suitable for use in
any environment from clean rooms and small
labs to large, high throughput industrial sit-
uations. Yet these fine-resolution, high-
speed Aerotech positioning systems cost 20%
(or more) less than their slower, less precise
competitors.

Complete technical information is available.
Contact Aerotech, Inc., 101 Zeta Drive, Pitts-
burgh, PA 15238—phone 412-963-7470.

In Continental Europe: Aerotech GmbH, Neumeyerstrasse 90, 8500 Nuremberg 10 ® 0911-52 10 31 ® TLX 622474
Circle Reader Action No. 310
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Now VAX/VMS ™ Aptec also inter-
systems can faces to high-speed
handle high-per- peripherals such as
formance real- the Ibis 1400 disk
time data at 24 system with up to
Mbyte/sec |/O. 10 MB/sec data

The VAX can be transfer rates.

host to pOWerfUl, hlgh-Speed perlpherals — Aptec frees the VAX for other tasks and
and get up to 24 MB/sec throughput. Result frees you from frustrating host holdups.
exceptionally fast and productive systems Our extensive software supports powerful lan-
that easily meet realtime data acquisition guages such as FORTRAN, STAPLE and

and processing needs. Microcode; and familiar tools, including soft-
Only the Aptec I/O Computer makes this ware drivers for array processors, A/D con-

possible. By offloading VAX /O tasks,
it extends system capa-
bilities and performance,
while assuring optimal
use of peripherals
Modular and expand-
able, Aptec provides a

verters, disk and tape storage
devices; all within a
FILES-11™ environment

Find out how Aptec
runs VAX to the max
—into new dimen-
sions of realtime pro-
cessing. Call toll-free:
1-800-552-7832. OEM
arrangements are avail-
able. Aptec is a par-
ticipant in Digital Equip-
ment Corporation’s
Cooperative
Marketing Program

cost-effective path to

multiple array processor

with virtually no /0O degrada-

tion on even the biggest

systems

VAX is Aptec’s 32-bit

bus structure. With a 24 S ;

MB/sec aggregate bandwidth, Aptec Computer Systems

. Portland, OR = SvysTEVS

munication between peripherals Tm UP 97228-6750 —

and Aptec mass memo (503) 626-9000
Y G

~even multiple VAX systems,

Key to offloading the

it handles 1/0 by direct com- P.O. Box 6750 = APTEC
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The Most Accurate 20MHz

Logic Analyzer Available

For Only $1,495.

[ T T

Only with the Logic-20
Only from BitWise Designs

The true criterion of a logic
analyzer's accuracy is not its sample
speed, but its set-up time — that
period of time prior to the clock edge
in which it cannot accurately
sample data.

With a set-up time of only 2 ns.,
the Logic-20 from BitWise Designs
blows away its nearest 20 MHz
competitors — which are totally
unreliable for a monstrous 25 ns.
before the clock edge.

The Logic-20 is a single IBM PC
(or compatible) expansion card,
offering 16 channels of 20 MHz
sampling with less than one ns.
channel-to-channel skew. Optionally, for
those with unusually fast sampling
speed applications, the Doubler™ pod
is available that allows 40 MHz
sampling over eight channels.

And because the Logic-20 is an
add on to your personal computer,
you can have it right on your

desktop when you need it. You can
interrupt development at any time
to use your PC to write 2 memo or
document your progress, and then
go right back to where you left off.
All in your office, all right at your
desk.

Need to know more about logic
analyzer accuracy or the Logic-20?

DESIGNS, INC.

Logic That Makes Sense

1223 PEOPLES AVE.
TROY - NY - 12180
518 - 274 - 0755

New Alloy for Glass-to-
Metal Seals

A new alloy — composed of about 60
percent iron, 40 percent nickel, and traces
of six other elements — has a low coeffi-
cient of thermal expansion, 1.9 X
08B =1 [3:4 > 10-8°C)-1].
Because the coefficient is close to that of
KG-33 (or equivalent) glass, the alloy can
be used in glass-to-metal seals without in-
troducing excessive residual stresses. In
addition, the alloy has potential for other
applications in which low thermal expan-
sion is important; for example, mechanical
measuring devices and precise sliding
parts that must function over wide tem-
perature ranges. The alloy was developed
as a replacement for Kovar (or equivalent)
Fe/ NiCo alloy in a ferrule-and-tube assem-
bly (see figure).

(See page 100).

Liquid Scavenger for
Separator/Pump

Apump for hydrogen has been modified
to remove moisture that condenses in the
impeller stage and shunt it back to the
earlier centrifugal separator stage for
removal. Normally, the separator stage
removes water droplets from an incoming
mixture of hydrogen gas, water droplets,
and water vapor. In the unmodified pump,
however, additional condensation some-
times occurs in the pump stage. The mois-
ture-removal problem was solved by ad-
ding a shallow circumferential groove and
a small exit hole to the impeller chamber
(see figure). The circumferential groove
leads to an exit hole near the high-pressure
outlet. As the impeller disk (not shown)
rotates, it flings water droplets that have
condensed in the pump toward the groove.
Aerodynamic drag drives the water around
the groove to the exit hole. (See page 92).

IBM and IBM PC are trademarks of International Business Machines Corporation.
Logic-20 is a trademark of BitWise Designs, Inc.
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Centrally-Rupturing Squib-
Closure Disks

An improved squib rupture disk
would insure that the squib explosion is
directed toward the center of a com-
bustion chamber. This can obviate the
use of oversize squib units that can
cause undesirably large impulses. In
the new design (see figure), the center
of the rupture disk contains a cruci-
form indentation in which the thickness
is reduced to about 0.5 mil (0.013 mm).
This reduces the strength of the center
of the rupture disk in the same manner
as that of the pull tabs on beverage
cans; therefore, the disk will fail predic-
tably in the center, causing a predict-
able flow of combustion products
toward the center of the combustion
chamber. (See page 93).

Omnivector Probe
Measures Airflow

A probe (called an omnivector
anemometer) has a fixed-position sen-
sing element capable of simultaneous-
ly measuring steady and unsteady ve-
locity head and flow direction of a
moving fluid over a complete 360-de-
gree angle in two-dimensional flow.
The sensing element of the omnivector
anemometer (see figure) is mounted on
the end of a support tube, which is nec-
essary for inserting the sensing ele-
ment into the flow field. The main ele-
ment of the anemometer is a drag body
consisting of a cylindrical tube upon
which are mounted eight miniature
strain gages near the base and elec-
trically connnected in the form of two
four-arm Wheatstone bridges.

(See page 84).

CROSS SECTION AA

Hydraulic-Leak Detector for
Hidden Joints

An indicator reveals leaks in hidden fit-
tings on hydraulic lines. It allows fast
inspection of joints without disassembly
and can be used in aerospace, petroleum,
chemical, nuclear, and other hydraulic ap-
plications where removing covers for in-
spection is impossible, difficult, or time-
consuming.

The indicator consists of a wick wrapped
at one end around the joint to be moni-
tored (see figure). The wick, made of
Keviar (or equivalent) aramid sleeving, ab-
sorbs hydraulic fluid leaking from the joint
and transmits it to the opposite end where
it is visible to an inspector. At the end of the
wick is a bulb filled with fibrous insulation
to make the fluid more evident as a dis-
coloration of the outside end of the wick.
(See page 102).

environments.

Features include:

® Shielded transmitter
® Four switchable inputs

attenuators
® Integral IEEE 488 interface

display
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B AVIN N

analogue fibre optic telemetry links
provide interference free transmission
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HOW YOU
GAN BENEFIT

FROM NASA'S
TEGHNOLOGY

UTILIZATION
SERVIGES

f you're a regular reader of TECH BRIEFS, then you're already making

use of one of the low- and no-cost services provided by NASA’s

Technology Utilization (TU) Network. But a TECH BRIEFS
subscription represents only a fraction of the technical information and
applications/engineering services offered by the TU Network as a whole.
In fact, when all of the components of NASA's Technology Utilization
Network are considered, TECH BRIEFS represents the proverbial tip of
the iceberg.

On the following pages, we've outlined NASA’s TU Network—named
the participants, described their services, and listed the individuals you
can contact for more information relating to your specific needs. We
encourage you to make use of the information, access, and applications
services offered by NASA's Technology Utilization Network. You can
save time and money by doing so.

HOW YOU CAN UTILIZE NASA’S
Industrial Applications Centers

A nationwide network offering a broad range of technical
services, including computerized access to over 100
million documents worldwide.

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

the nearest IAC. User fees are charged for IAC information services.

Aerospace Research Applications
Center (ARAC)

Indianapolis Center for Advanced Research
611 N. Capitol Avenue

Indianapolis, IN 46204

Dr. F. Timothy Janis, Director

(317) 262-5003

Kerr Industrial Applications Center
(KIAC)

Southeastern Oklahoma State University
Station A, Box 2584

Durant, OK 74701

Tom J. McRorey, Director

(405) 924-6822

NASA Industrial Applications Center
823 William Pitt Union

University of Pittsburgh

Pittsburgh, PA 15260

Paul A. McWilliams, Executive Director
(412) 624-5211

NASA/Southern Technology
Applications Center

State University System of Florida

307 Weil Hall

Gainesville, FL 32611

J. Ronald Thornton, Director

(904) 392-6760

NASA/UK Technology Applications
Center

University of Kentucky

109 Kinkead Hall

Lexington, KY 40506-0057

William R. Strong, Director

(606) 257-6322

If you represent a public sector organization

NERAC, Inc.

Mansfield Professional Park

Storrs, CT 06268

Daniel U. Wilde, President

(203) 429-3000

North Carolina Science and Technology
Research Center (NC/STRC)

Post Office Box 12235

Research Triangle Park, NC 27709

J. Graves Vann, Jr., Acting Director

(919) 549-0671

Technology Application Center (TAC)
University of New Mexico

Albuguerque, NM 87131

Stanley A. Morain, Director

(505) 277-3622

NASA Industrial Applications Center
(WESRAC)

University of Southern California

Research Annex

3716 South Hope Street

Room 200

Los Angeles, CA 90007

Radford G. King, Acting Director

(213) 743-6132

(800) 642-2872 (CA only)

(800) 872-7477 (toll-free US)

Technology Application Team

with a particular need, you can contact NASA's
Application Team for technology matching and
problem solving assistance. Staffed by profes-
sional engineers from a variety of disciplines,
the Application Team works with public sector
organizations to identify and solve critical pro-
blems with existing NASA technology
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A SHORTCUT TO SOFTWARE:

COSMIC®

An economical source of computer programs developed by NASA & other gov’t. agencies.

s oftware developed by the U.S. government may be
applicable to your needs. To tap this valuable resource,
contact COSMIC, NASA’s Computer Software Management
and Information Center. Approximately 1100 computer
programs and related documentation comprise the current
library. New and updated programs are announced regularly
in NASA Tech Briefs’ Computer Programs section, and
COSMIC publishes an annual software catalog.

More information about COSMIC'’s services can be

obtained by calling or writing:

COSMIC®

Computer Services Annex
University of Georgia
Athens, GA 30602

John A. Gibson, Director
(404) 542-3265

HOW YOU CAN ACCESS TECHNOLOGY TRANSFER SERVICES AT NASA FIELD CENTERS:

Technology Utilization Officers & Patent Counsels

Each NASA Field Center has designated a Technology Utilization Officer and a Patent
Counsel to facilitate technology transfer between NASA and the private sector.

I f you need further information about new technologies presented in NASA Tech Briefs, you should request the Technical
Support Package (TSP) that accompanies the brief. In the event that a TSP is not available, you can contact the Technology
Utilization Officer (TUO) at the NASA Field Center that sponsored the research. The TUO can arrange for expert assistance in
applying the technology by putting you in touch with the people who developed it.
If you want additional information about the patent status of a particular technology or are interested in licensing a NASA
invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Be sure to refer to the NASA
reference number at the end of the tech brief.

Ames Research Center
Technology Utilization Officer:
Laurance A. Milov

Mail Code 204-10

Moffett Field, CA 94035
(415) 694-5761

Patent Counsel:

Darrell G. Brekke

Mail Code 200-11

Moffett Field, CA 94035
(415) 694-5104

Goddard Space Flight Center
Technology Utilization Officer:
Donald S. Friedman

Mail Code 702-1

Greenbelt, MD 20771

(301) 286-6242

Patent Counsel:

John O. Tresansky

Mail Code 204

Greenbeit, MD 20771

(301) 286-7351

Lyndon B. Johnson Space
Center

Technology Utilization Officer:
William Chmylak

Mail Code AL32

Houston TX 77058

(713) 483-3809

Patent Counsel:

Marvin F. Matthews

Mail Code AL3

Houston, TX 77058

(713) 483-4871

John F. Kenedy Space Center
Acting Technology Utilization
Officer: Thomas M. Hammond
Mail Stop PT-TPO-A

Kennedy Space Center, FL 32899
(305) 867-3017

Patent Counsel:

James O. Harrell

Mail Code PT-PAT

Kennedy Space Center, FL 32899
(305) 867-2544

Langley Research Center
Technology Utilization Officer:
John Samos

Mail Stop 139A

Hampton, VA 23665

(804) 865-3281

Patent Counsel:

Howard J. Osborn

Mail Code 279

Hampton, VA 23665

(804) 865-3725

Lewis Research Center
Technology Utilization Officer:
Daniel G. Soltis

Mail Stop 7-3

21000 Brookpark Road
Cleveland, OH 44135

(216) 433-5567

Patent Counsel:

Gene E. Shook

Mail Code 60-2

21000 Brookpark Road
Cleveland, OH 44135

(216) 433-5753

Jet Propulsion Laboratory
Technology Utilization Manager:
Norman L. Chalfin

Mail Stop 201-110

4800 Oak Grove Drive

Pasadena, CA 91109

(818) 354-2240

NASA Resident Office~JPL
Technology Utilization Officer:
Gordon S. Chapman

Mail Stop 180-801

4800 Oak Grove Drive
Pasadena, CA 91109

(818) 354-4849

Patent Counsel:

Paul F. McCaul

Mail Code 180-801

4800 Oak Grove Drive
Pasadena, CA 91109

(818) 354-2734

George C. Marshall Space
Flight Center

Technology Utilization Officer:
Ismail Akbay

Code ATO1

Marshall Space Flight Center,

AL 35812

(205) 5442223

Patent Counsel:

Leon D. Wofford, Jr.

Mail Code CCO1

Marshall Space Flight Center,

AL 35812

(205) 5440014

National Space Technology
Laboratories

Technology Utilization Officer:
Robert M. Barlow

Code GA-10

NSTL Station, MS 39529

(601) 688-1929

NASA Headquarters
Technology Utilization Officer:
Leonard A. Ault

Code IU

Washington, DC 20546

(202) 453-1920

Assistant General Counsel for
Patent Matters: Robert F. Kempf
Code GP

Washington, DC 20546

(202) 453-2424

IF YOU HAVE A QUESTION. ..

NASA Scientific & Technical Information Facility

f you have a general or specific question about NASA's

Technology Utilization Network or its services and
documents, you can contact the STI facility for assistance.
The STI staff can answer your questions, supply docu-
ments and provide referrals to meet your needs. You can
use the feedback card in this issue to contact STI directly.
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Hydraulic Shutdown Monitor

Adding a switch allows inappropriate
control actions to be overridden.

Lyndon B. Johnson Space Center, Houston, Texas

A simple modification enables a com-
mercial electronic load controller to be
used in an electromechanical system for
load monitoring and overload shutdown.
A four-pole, double-throw switch is added
to the front panel of the controller to
disable the tracking-error and endpoint-

error circuitry yet still retain the overload-
detection capability. Previously, it was
necessary to use adjustable-voltage-level
detection equipment connected with ca-
bles to the hydraulic “dump” or shutdown
circuitry in the controller.

During a friction test, for example, the

Command Channel 3 o Error I
Signal
No
Connection
Buffer Summation Valve
Amplifier Amplifier Driver
Feedback
A Feedback
Amplifier
_4 @ -
Error o
Adjust Monitor
Amplifier
(Endpoint
7 Check)
Disable.
Tracking- Fault Operate
Error Detectors \ Pole 1
Detector (Two) 4 of Added
Yt > Switch
To
Hydraulic
\ Jacks
jt———————— |
=—s Microprocessor
Electronically-
Controlled
Pressure
Manifold High-Pressure
Stand Hydraulic
Supply
Light-Emitting
Erro Diode
ey DA Pole 2 To
perate of Added Microprocessor
Switch
Tracking-
Error ;
Detector Disable

In the “Disable” Position, the added switch overrides functions of the controller that would
prevent automatic shutdown on overload during friction tests. In the “operate” position, the
switch allows the controller to operate in its normal fashion.
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Now. See what you've always
needed to see with a portable
scope. (Above) Tek's new 2467
Transient Intensifying Oscillo-
scope, with its exclusive micro-
channel-plate CRT, highlights the
infrequent metastability of a flip-
flop output. (Below) The same
metastability is invisible on a con-
ventional high-speed scope.

Daimames,.,

Our new 350 MHz Transient
Intensifying Oscilloscope
reveals invisible signals that
escape detection by any
other portable instrument.
An approximate 100-fold
increase in visual writing
rate translates high-speed,
single-shot phenomena and
low-repetition-rate signals
into easily-seen displays—
in normal room light and at
sweep speeds as fast as
500 ps/div.

Discover marginal condi-
tions you don’t even know
exist. Now designers and
test engineers can quickly
identify circuit or system
faults caused by infrequent
metastability, asynchronous
noise, crosstalk or erratic
timing-margin violations —
even if they occur only once

To see the Tek 2467

inacﬁon,ortoordel;
your Tek Sales

mmmmm

1-m426-2200. In Oregon

call collect, (503) 627-9000.
To rent a Tek 2467 for a

trial evaluation, contact an

authorized Tektronix rental

company:

Continental Resources, Inc.

5800) 323-2401 Nationwide

312) 860-5991 lliinois

Electro Rent Corporation

(800) 423-2337 Nationwide

(800) 232-2173 California

General Electric Company

(800) GE-RENTS

GENSTAR Rental Electronics, Inc.

5800) 227-8409 Nationwide

800) 331-3440 California

McGrath RentCorp

(415) 568-8866

Telogy. Inc.

(800) T-E-L-O-G-Y-Inc.

U.S. Instrument Rentals, Inc.

in a million normal operations. (800) 824-2873

Not only can you shorten
time to market, you can
deliver more reliable new
products.

Copyright 1986, Tektronix, Inc. All rights reserved. #PMA-657

Tektronix
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specimen is stroked in the x direction
while it is subjected to a load in the y
direction. Data-acquisition equipment
records loads in the x and y directions, P,
and Py, respectively, and divides P, by Py
to determine the coefficient of friction. It
is necessary to monitor P, and shut down
the hydraulic pressure when P, exceeds
a predetermined value, thus preventing
damage to the specimen or to the test
equipment. The unmodified controller,
however, would perceive an increase in
P, as an “‘endpoint-check’ error or a
“tracking" error, and its logic circuits
would instruct the test machine to hold its
commanded load instead of shutting it
down.

The addition of the switch to the P,
channel of the controller disables the

endpoint-error and the tracking-error cir-
cuits (see figure). This allows the con-
troller to use its fault-detection circuits to
dump the hydraulics in case of a P,
overload while allowing tests to continue
on other channels with full endpoint and
tracking control.

Pole 1 of the switch puts the command
signal (which orders the load on the
specimen) on the endpoint-check line
(which monitors the load on the speci-
men) to the controller microprocessor.
Thus, when the microprocessor com-
pares the command signal with the end-
point-check signal, it finds agreement
between the two and does not generate
an endpoint-error signal.

Pole 2 of the switch grounds the base
of the tracking-error output transistor.

This prevents the tracking-error circuit
from causing a hold-to-load signal to be
sent to the test machine.

Pole 3 of the switch (not shown) turns
on an “errors disabled" indicator on the
front panel. Pole 4 (not shown) changes a
meter switch from the “monitor ouput”
line to the “‘command" line. Neither of
these two poles affects the controller
function: They are included for the
operator’s benefit only.

This work was done by Scott T.
Fleming and Douglas B. Harrington of
Rockwell International Corp. for Johnson
Space Center. For further information,
Circle 56 on the TSP Request Card.
MSC-20796

Controlling a Four-Quadrant Brushless Three-Phase dc Motor

The motor drives or brakes regeneratively
on command, in either direction.

Marshall Space Flight Center, Alabama

A control circuit (see figure) com-
mutates the windings of a brushless,

three-phase, permanent-magnet motor
operating from a dc power supply. With a
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single analog command voltage, the con-
troller makes the motor accelerate, drive
steadily, or brake regeneratively, in a
clockwise or counterclockwise direction.
The controller is well suited for use with
energy-storage flywheels, actuators for
aircraft-control surfaces, cranes, in-
dustrial robots, and other electrome-
chanical systems requiring bidirectional
control or sudden stopping and reversal.

Position sensors placed on the shaft
provide signals that indicate the position
of the rotating magnets with respect to
the stationary windings. These signals
are square waves that differ from each
other in phase by 120 °. The high interval
of each position signal determines when
the switching transistors of the cor-
responding winding are turned on.

At any given instant, winding current is
being conducted by only one pair of
diagonally-located switching transistors.
The transistor-pair configuration changes
every 60 electrical degrees of shaft rota-
tion. For example, when the shaft position
enters the first 60 ° (electrical) of winding
A while moving clockwise in the ac-
celerating motor mode, current is con-
ducted through Q,, windings Aand B, and
Qg. During the second 60°, Qg is turned
off, and the current path is through Q,,
windings A and C, and Qg

Resistors Ry, R,, and R, provide feed-
back voltages proportional to the winding
currents. These current-feedback signals
are alternately sampled during 120° in-
tervals, inverted as necessary, and com-
pared with the current-command signal

NASA Tech Briefs, July/August 1986



You'’ll find CTS hybrids

where precise
performance is an absolute...

4

Precise missile guidance.
State-of-the-art guidance
systems such as those on 9
the Navy “Harpoon” missile .
rely upon CTS hybrids for
extraordinary quality and
exacting performance.

Life saving stimulus fo
faltering hearts. L
CTS hybrids are an essel
high reliability component
of many of the more than
200,000 heart pacemakers
implanted annually in the U.S.

Hi-Re mo&s cess inspectio ic nand final QA Heart pacemakers from Cordis
have established an enviable verification. R S AE by el circukty
record of proven reliability for ~ With unmatched thick and thi,.ﬁg’#.‘;’:‘,’,?&??: pe?f(grfnogr?ceei;a{;\z

over 20 years. They withstand
the harshest environments,
typically exceeding MIL-STD
-883 and MIL-M-38510 stan-
dards. Additional tests are per-
formed, as required, to achieve
the degree of reliability needed
for specialized operating envi-
ronments. CTS is equipped to
meet your microcircuit needs—
from scientific engineering and
circuit design through volume
production, including total in-

thin film hybrid manufacturing
capability, CTS produces Hi-Rel
hybrids in volume quantities
with no sacrifice in reliability.
Write today for an 8-page
brochure detailing our capa-
bilities in Thick and Thin Film
Hybrid Technology. Contact:
CTS Corporation, 1201
Cumberland Avenue,
West Layfayette, IN 'e‘#:gm
47906.(317)463-2565.

CIRCLE NO. 350

CTS means Reliability

CTS CORPORATION « ELKHART, INDIANA

Custom Crystal Oscillator
with multiple integrated func-
tions. Phone: (815) 786-8411
CIRCLE NO. 351

DIP Attenuator Switchable
attenuator in standard

DIP package.

Phone: (317)463-2565
CIRCLE NO. 375

Series CCXO-140 Leadless
Chip Carrier crystal oscillator
for surface mounting.

Phone: (815) 786-8411
CIRCLE NO. 376

circuitry of their Gemini automatic DDD
pacer. Cordis scientists selected this CTS
Hi-Rel hybrid to meet their exacting needs.
Other critical, high volume medical appli-
cations include insulin shock detectors,
CAT scanners, heart and
blood pressure mon-
itors and neuro-
stimulators.

Crystal Oscillators High
stability and reliability.
Phone: (815) 786-8411
CIRCLE NO. 377
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With this Motor-Control Circuit, a three-phase permanent-magnet motor is made to accelerate or brake regeneratively in either direction by set-
ting the magnitude and polarity of the current-command voltage.

(regardless of its polarity) to obtain an in-
termediate negative-feedback current-
control signal. In the absolute-value
pulse-width modulator (PWM), the in-
termediate signal is compared with a
triangular wave of about 10 kHz. The
resulting PWM output is a train of pulses,
the durations of which are varied to turn
the switching transistors on and off at in-
tervals intended to produce the com-
manded current.
e The lower transistor in each pair (for
example, Q, for winding A) is turned on
during the 120 ° that begin 60 ° after the
cessation of the “‘on”’ period of the upper
transistor of that pair. In addition, the
lower transistor is turned off and on dur-
ing the 120 ° when the upper transistor is
being turned on and off, respectively.
The turn-on and turn-off times for each
transistor are determined according to
the current command and to the shaft po-
sition, direction of rotation, current, and
back-electromotive force of the motor, as
- measured by the position and current
- sensors. For example, a current-com-
mand signal of one polarity causes ac-
celeration or turning against a load in a
clockwise direction, or braking from
counterclockwise rotation, possibly

- 34

followed by reversal into clockwise rota-
tion. A current-command signal of the op-
posite polarity produces similar effects in
the opposite directions.

In acceleration, the appropriate tran-
sistor pairs are connected in the se-
quence of pulses as the circuit attempts
to maintain the commanded current from
the supply to the motor. In braking, the
motor acts as a generator, and the tran-
sistor pairs are connected in the pulse se-
quence as the circuit attempts to main-
tain the commanded current from the
motor as it feeds power back to the sup-
ply. As the braking motor slows toward a
stop, the back-electromotive force is no
longer sufficient to maintain the com-
manded current: At that point, the circuit
begins to feed current from the supply to
the motor to continue the braking by
maintaining the commanded current.
Eventually, the motor may stop and begin
to accelerate in the opposite direction.
Thereafter, the circuit continues to main-
tain the commanded current, with the dif-
ference that the pulse sequence moves
in the opposite direction among the wind-
ings, corresponding to the opposite mo-
tor rotation.

This work was done by Frank J. Nola of

Marshall Space Flight Center. For fur-
ther information, Circle 48 on the TSP Re-
quest Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Marshall Space Flight Center
[see page 29]. Refer to MFS-28080.
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ing of customers. That's why they rely on us. ANDUS.
Our thin film coatings combine the optical and mechan-
ical properties required in a variety of applications
including thermal blankets for satellites.

In fact, ANDUS film products are used by quality
conscious customers across a broad spectrum of
industries for a wide variety of specialized applications.
Applications calling for custom coatings on a wide
array of standard and exotic substrates are ANDUS's
speciality.

Using magnetron sputtering, ANDUS produces the
highest quality coatings available. What's more, our
continuous roll-to-roll manufacturing techniques result
in coatings which offer excellent adhesion and outstand-
ing electrical and optical properties. All of this adds up
to superior materials and lower costs for you.

CETO MATCH YOUR DEMANDS

Only ANDUS has the advanced techniques and mod-
ern facilities, coupled with years of experience, to pro-
vide custom coatings that allow you to manufacture
products that satisfy...or exceed...the most stringent
application requirements.
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evolving demands of thin film coatings for the aero-
space industry.
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Tailorable Infrared Sensing Devices

Proposed devices would consist of Ge,Siq _4/Si
strained-layer superlattices on silicon.
e o e e e s o I pous m et St e e el sl Seuice= s B p el

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A proposed infrared sensing device us-
ing a Ge,Si; . ,/Si strained-layer superlat-
tice may offer enhanced detection sensi-
tivity and could be tailored for a specific
cutoff wavelength over the range from
2.7 to about 50 um. Such a device could

_ be fabricated on a silicon substrate

. together with sophisticated very-large-
scale integrated circuitry, making it useful
~for a wide range of applications related to
robotics, space exploration, and terrestri-
al surveillance.

The device (see Figure 1) includes a
large number of alternating thin layers of
Ge,Si; ., and Si. Such a structure can be
grown using molecular-beam epitaxy; in
the future, such other growth techniques
as chemical vapor deposition might be
used.

Figure 2 illustrates the energy-band
diagram of a Ge,Si; . /Si superlattice with
a high concentration of dopant under an
electrical bias voltage. The energy gap of
Ge,Si; . x is lower than that of Si by an
amount AE(x), which depends on the ger-
manium content, x. As the superlattice
gets richer in germanium, its energy gap
decreases monotonically from that of sili-
con (1.1 eV) to that of germanium (0.66 eV).
Although the lowest value of AE(x) can be
zero (when x = 0), in practice the lowest
AE depends on the temperature and for a
practical device could be about 0.01 to
0.05 eV, depending on operating condi-
tions; thus the new device could operate
at wavelengths up to 50 um. Good-quality
Ge,Si; . «/Si superlattices with x < 0.5
grown by molecular-beam epitaxy
already have been demonstrated; and
theory indicates that in the future, high-
quality superlattices with the full range of
x (from O to 1) can be grown.

. The mechanism of the new device is
- similar to that of the silicide Schottky-
. barrier detector, with the silicide film being

replaced by the heavily-doped Ge,Si; .
semiconductor layer. A photon of energy
greater than AE(x) excites a hole from the
valence band of Ge,Si; . to that of Si. The
hole then drifts to the cathode under the
influence of the applied electric field.
Since the device has many charge-
separation barriers, its detection sensitivity
should be greatly enhanced. The device
could be operated in an avalanche mode,
under which the gain should be high and
the response time very short.

This work was done by Li-Jen Cheng of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 52
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-16607.

Infrared
Radiation
l l I | | Thin Si
I/ Contact Layer

Ge, Siq _x/Si
Superlattice

Figure 1. Alternating Layers of Ge,Si, . ,
and Si are deposited by molecular-beam
epitaxy. When an electric field is applied
across the stack, it acts as a detector for
infrared photons.

Energy

Fermi Level

E,

Position

Figure 2. The Energy Levels of the Ge, Si, ., /Si Superlattice are shown here with an applied
electric field. Photons of energy greater than AE(x) excite holes from the valence band of
Ge, Si; ., to the valence band of Si. The holes are then swept to the cathode by the electric

field.

Electrometer Amplifier With Overload Protection
Circuit features low noise, input offset, and high linearity.

Ames Research Center, Moffett Field, California

A prototype dc amplifier designed for
use with an ion detector has features that

3

are desirable in general laboratory and
field instrumentation. The circuit is as-

sembled from commercially available in-
tegrated circuits.
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The Input Preamplifier includes input-overload protection and a nulling circuit to subtract a dc offset from the output.

The critical part of the circuit is the pre-
amplifier (see figure), which is basically a
current amplifier. The current is fed to the
inverting input of operational amplifier A,.
The feedback loop keeps the input re-
sistance low, maintaining the input
voltage within millivolts of ground.

The preamplifier is protected from ex-
cessive input signals of either polarity by
the 2N5909 junction field-effect transistor
(JFET). While a pair of anti-parallel-
connected diodes might suffice in a less
sensitive application, the JFET is used
here because it is a low-leakage, low-
capacitance unit. With the millivolt nor-
mal input levels, leakage through the
JFET is not significant.

Anulling circuit makes it possible to set
the preamplifier output voltage to zero at
a fixed low level (up to +108 A) of the in-

put current. (This level is called the stand-
ing current and corresponds to the zero-
signal level of the instrumentation.) The
opposing (offset) current is generated in
the 10°Q feedback resistor to buck the
standing current.

The offset current is set by thumbwheel-
switch control inputs to a digital-to-
analog converter (DAC). The DAC output
is subtracted in A, from the signal out-
put, and the difference signal at the out-
put of A, is the voltage that develops the
bucking current. This somewhat com-
plex nulling arrangement produces less
shot noise than would be produced by
simply feeding a bucking current directly
to the preamplifier input.

Different current ranges are reached
by feeding the preamplifier output to
low- and high-gain amplifier chains. To

reduce noise, each chain includes a
1.5-Hz corner active filter. The amplifier
operates with a linear output over the
range of =10V for input signals ranging
from +1073to +10°8 A. The total nnise
generated in the circut is equivalent to
an rms input-current variation of about
103 A.

This work was done by Fritz H.
Woeller of Ames Research Center and
R. M. Alexander of TRW, Inc. For further
information, Circle 44 on the TSP Re-
quest Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to Patent Counsel, Ames
Research Center [see page 29]. Refer to
ARC-11457.

Semiconductor Laser With Two-Dimensional Beam Steering
An added electrode provides steering in a second direction.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

The proposed modification of a mono-
lithic semiconductor injection laser cap-
able of one-dimensional electronic beam
steering should enable the deflection of
its beam in a second direction. Such a

NASA Tech Briefs, July/August 1986

laser chip could provide beam pointing or
raster scanning for applications in optical
communications, data processing, image
scanning, and optical ranging.

To deflect the laser beam in a given

plane, the charge density in the active
region that emits the light must have a
gradient in that plane along the direction
perpendicular to the emitted light. Deflec-
tion occurs because the charge gradient
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affects the waveguide properties of the
laser. The proposed laser geometry shown
in the figure should provide control of
such gradients in two perpendicular di-
rections.

Conceptually, the four-terminal device
is a combination of an npn transistor and
a laser fabricated in AlGaAs. (It could also
be fabricated in such other atomic sys-
tems as GaAsP.) As in the existing version
of this device, the beam is scanned in the
x-z plane by variation of the ratio or of the
magnitudes of |, and I, (or of V, — V,and
V, — V,). However, the addition of elec-
trode 3 to the transistor base region
should enable the control of the vertical
charge distribution, which affects the
beam axis in the y-z plane.

The amount of beam steering achiev-
able would be determined experimental-
ly. In the one-dimensional case, beams
have been steered by + 2beam widths in
the x-y plane. There is a tradeoff between
the amount of steering in the y-z plane
and the laser threshold current. For large
beam deflections, the active region must
be relatively thick (at least 1 um) and must
have an aluminum content similar to that
in the cladding layers.

This work was done by Joseph Katz of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 77 on the TSP Request Card.
NPO-16031
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Two-Dimensional Electronic Steering of the beam from a proposed semiconductor injection
laser would be achieved by adding electrode 3 to a laser that was previously capable of one-
dimensional beam steering. The laser beam would come out of the page in the z direction

from the p-type base region.

MOSFET Power Controller

High current and voltage are controlled remotely.

Lewis Research Center, Cleveland, Ohio

The availability of high-voltage
MOSFET’s that have low “on" resistance
is the enabling factor in developing im-
proved remote power controllers (RPC's).
To demonstrate the capabilities of these
devices, they were used to build an RPC
that would withstand 1,000 V and switch
25 Adc. One of the unique features of this
RPC (see figure) is that it uses two banks
of parallel-connected MOSFET’s in series
to provide the required voltage capability.
It also has an improved trip circuit.

To insure voltage sharing between the
switch banks, low-impedance, gate-drive
circuits were used that provided a con-
trolled range for turn on. They are individ-
ually trimmable to insure simultaneous
switching within a few nanoseconds dur-
ing both turn on and turn off. The control
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circuit for each switch bank and the over-
current trip circuit float independently
and are supplied power via transformer
T, from an inverter. Control of the floating
stages is by optocouplers.

At turn on, optocouplers OC4 are on,
clamping pin 2 of U4o, and pin 3 of U4q; to
the negative rail. This keeps Q4; turned
off and Qypoa.p conducting. Therefore,
power switch Q444 is Open. After a de-
lay of 25 ms, OC; is turned off, pin 2 of
Usgp is driven high, and Qqgoa.p releases
the gate circuit of Qyo4a.. Pin 3 of Uqg;
goes high, generating a controlled ramp
to turn Qqg4ay ON. The rate of rise of the
ramp is controlled by Cyq. Turn off re-
verses this process. Qopap is turned on
as described above, turning off the 10
parallel MOSFET’s, Qqg4a.. This can be

done in one-half us. Normal overcurrent
tripping with an inverse time delay uses
operational amplifiers Uzgza, Uspag, and
associated components.

CRgq3 is @ 1.22-V precision voltage ref-
erence that provides a bias current that
subtracts the load-current signal from
Rsy and Ragg at the noninverting input of
pin 2 of Vag3a. For normal load current,
the Raps bias current exceeds the Rggg
load-current signal, and the output volt-
age of Vapaa, pin 1 will be at a low level. At
high values of load current, Cs5, will be
charged through resistor Rag3. The ca-
pacitor integrates the input current above
1.2 per unit, and the voltage at pin 1 of
Usgaa continues to rise until the voltage at
pin 5 of Usgsg reaches 1.22 V. Thus, when
the output voltage of the integrator (pin 1

NASA Tech Briefs, July/August 1986
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of Us03a.0) exceeds 1.22 V, pin 7 of Uzysp
goes high, firing SCR3q4, and causing
conduction of OC5;. An amplifier not
shown on the figure boosts the OC5 signal
and turns on OC4. R3g3 is included in the
integrating circuit to lower the trip time at
higher currents, since the integrating cur-
rent causes a voltage drop in Rags. Thus
the voltage on pin 1 of Usgza could rise
rapidly since some of the voltage would
appear across Rzgpz. Rags is chosen to
give instant tripping if the current ex-
ceeds three per unit.

A second, faster acting circuit is used
for fault protection. It responds only to
steep current fronts by sensing a high

these rapidly changing currents, which
allow Vg, to appear across R3zjgand R34
in series. Since these resistors are equal,
one-half of Vg appears at Usg,. The
polarity of this voltage is negative, and
since it is applied to the inverting input of
Usp2, Will be driven positive and fire
SCR3p4, which turns on OCjs. Since
response to small changes is not desired,
a positive voltage is established at pin 3 of
U302 by CR303, Rgog, and R310. This pOSi-
tive reference voltage must be overcome
by the negative Vg voltage to drive pin 3
of Uspy negative. Because this positive
reference voltage is controlled on pin 3 of
Uspo, the circuit can be made to respond

age proportionally to the load current.
This enables a smaller change in current
to trip the circuit when the steady-state
current is near full load.

This work was done by J. T. Mitchell
and K. Jones of Westinghouse Electric
Corp. for Lewis Research Center. Fur-
ther information may be found in NASA
CR-168041[N83-21236/NSP], “Kilovolt dc
Solid State Remote Power Controller De-
velopment.”

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

di/dt developed across the shunt. Cag3 to transient currents of any magnitude. fee by calling (800) 336-4700.
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The Remote Power Controller includes two series-connected banks of parallel-connected MOSFET’s to withstand high current and

voltage.
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Fast Remote Kilovolt-Power Controller
High power is turned off rapidly in case of overload.

Lewis Research Center, Cleveland, Ohio

A remote power controller (RPC) has
been developed with a power-handling
capability of 25 A at 1,000 Vdc. The RPC
has a programmable characteristic that
can trip open to clear a fault within 3 us. In
addition to load switching, overload pro-
tection, and status indication, the RPC
possesses the following advantages:

* No contact bounce or wear and no arc-
ing;

* Precise open and close times;

* Controlled current transients;

* Consistent, repeatable overload pro-
tection over the temperature range;
and

* Immunity to high vibration and shock.
The figure shows a fast-acting base-

drive circuit and a fast-acting overcur-

rent-protection circuit. There is also a

power converter feeding T, and logic cir-

cuits that command the RPC on and off.

These are of conventional design.

The fast-acting base-drive circuit oper-
ates as follows: During normal operation,
Cy06 becomes charged because of the
few volts dropped across CRyq1, CRy43,
and Ryy4. For a fast turnoff, SCR; is fired,
which allows Cyg to discharge through
SCR5, Ry16, and Ry5. This applies a re-
verse potential across Qqg; and Qyg2
emitter/base junctions, which clears the
junction of carriers for a fast turnoff.

The three diodes are included in series
with Ry14 to obtain a minimum voltage of
three diode drops, to work against the
drop of SCR, and have sufficient voltage
left to clear the carriérs in Q491 and Qqo.

In the fast-acting overcurrent-protec-
tion circuit, Z49; and Z4op are connected
in a normal inverting threshold/integrator
trip circuit. Diode CR4g is a 1.22-V pre-
cise reference which, along with Ry1gand
Ry12, sets the threshold. At this threshold
Z401 responds and causes output pin 6 to
go high, in turn charging capacitor Cygs
through R4qg. When the voltage at pin 6 of
Z,o is greater than the CR4g reference
voltage, the Z,,, comparator output at pin
2 becomes positive, firing SCR4 through
CRygs. This sequence causes a “slow”
trip response from the base-drive circuit,
since C,og must discharge through CRgg
in addition to SCR;. The result is less re-
verse voltage across the emitter/base
junctions of Qo1 and Qygo.

Pin 6 or Z4o; can reach the reference
voltage of 1.22 V by allowing Cyg5 to
charge to 1.22 V (integrating the current),
resulting in an inverse current/time rela-
tionship. If the load current reaches 3 per
unit (PU), a highly negative voltage tends
to be established at pin 2 of Z,q; its out-

put pin 6 would be driven suddenly
positive. The resulting voltage drop would
appear across Ryqg, since Cyg5 would be
a short circuit. This condition would allow
pin 6 to reach above 1.22 V without
“waiting” for capacitor Cyg5 to charge,
which could result in an “instant” tripping.

Resistor Rygg is chosen for this to oc-
cur at 3 PU. Circuits Z4q; and Zy, are rel-
atively slow; this instant tripping would
take several microseconds before the
output of Z;5, becomes positive. If this
occurs as the result of a short circuit, the
current could be well above 5 PU before
the tripping is initiated. No action would
begin until the current reaches 3 PU, and
in the few microseconds of response
time of Z44; and Zp, the current could be
much higher. Therefore, this circuit is not
adequate for short-circuit protection with-
out current limiting but is adequate for
light overloads.

The current-sensing shunt Ry7 gives a
50 mV drop at a 25 A (1 PU) load. This
voltage does not normally appear at pin 3
of Z4p3 because of capacitor Cyg3. How-
ever, with a rapidly rising current (e.g., a
steep front of current from a short cir-
cuit), Cyo3 appears as an effective short
circuit, and half of the negative shunt vol-
tage appears at pin 3 of Z;o3 (Rygg and
R4o7 are equal and divide the shunt
voltage).

Pin 3 of Z4g3 is normally held at +55mV.
Therefore, when a steep front of load cur-
rent reaches 2.2 per unit, the net voltage
at pin 3 of Z,g3 would be zero, since the
shunt voltage of — 110 mV is divided and
exactly neutralizes the + 55 mV at the in-
verting terminal. As the steep front in-
creased beyond 2.2 PU, the output of
Z4qp, a fast operating amplifier, would go
positive and fire SCR; and SCR,. This
would give a “fast” tripping action as
previously described. The tripping action
takes less than one microsecond. The re-
mainder of the circuit consists mainly of
power supply and logic.

This work was done by P. Hower of
Westinghouse Electric Corp. for Lewis
Research Center. Further information
may be found in NASA CR-168041
[N83-21236/NSP], “Kilovolt DC Solid
State Remote Power Controller Develop-
ment.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra
fee by calling (800) 336-4700. LEW-14111
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The Base-Drive and Overcurrent-Protection Circuits respond rapidly to overcurrent conditions.

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.

List of Preferred
Electronic Parts

Components that have
passed stringent
qualification tests

are tabulated

and described.

A preferred parts list tabulates elec-

- tronic, magnetic, and electromechanical

parts for electronic equipment in which re-
liability is @ major consideration. The list
44

presents parts that have qualified for ser-
vice in critical flight and ground-support
applications by NASA's Jet Propulsion
Laboratory.

Destructive and nondestructive qualifi-
cation testing confirmed that the parts are
capable of withstanding spacecraft envi-
ronments without excessive degradation
and have stable characteristics during
their operating lives. Testing also assessed
the effects of electrical, environmental,
and mechanical stresses in various levels
and time durations.

Each part on this list must undergo a de-
sign appraisal in which device construc-
tion and processing are examined. This ex-
amination provides guidance in the design
of screening tests. Approval of the manu-
facturers’ materials, processes, quality
control, and engineering and production
capabilities are also required for part ap-
proval.

Parts included in the list are capacitors,
diodes, filters, fuses, magnetic devices,
microcircuits, relays, resistors, switches,

and transistors. Each category of parts is
covered in a separate section. An intro-
duction to each section contains applica-
tion notes and brief descriptions of the ma-
jor types of the part. The section on diodes,
for example, describes the following types:
General-purpose rectifiers, power rectifi-
ers, signal or switching diodes, voltage
regulators, special-purpose diodes (micro-
wave, optical, and current-regulating), and
silicon-controlled rectifiers and switches.

This work was done by Robert E. Covey,
W. Richard Scott, Lawrence M. Hess,
George Steffy, and Frank R. Stott of
Caltech for NASA’s Jet Propulsion
Laboratory. Further information may be
found in NASA CR-176258 [X86-10015/
NSP], “JPL Preferred Parts List."

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

NPO-16028
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Due to the corrosive nature of the gases
used and the particulates generated,
plasma etching can impose harsh require-
ments on your vacuum system.

The presence of water vapor makes
these conditions even more severe.

To keep your vacuum system per-
forming to its capabilities, you must
prevent water vapor from entering the
system. If it does, you must remove it
quickly.

The following installation and opera-
tion procedures will help you keep your
system operating smoothly.

The right installation.

Install PVC exhaust piping instead of
galvanized or black iron pipe, and an oil
mist eliminator to reduce oil loss from
the pump.

The exhaust line should be installed
so it can easily be disassembled for

periodic cleaning and the vacuum mani-
fold must be leak-free.

The right operation.
Operate the vacuum system continuously
and make sure the vacuum pump is
gas ballasted during processing with a
nitrogen flow rate of 1 to 2 L/M.

Purge the reservoir with nitrogen
(in humid ambients it may be necessary
to increase the nitrogen flow). Do not
pump on the process chamber with the
vacuum system at blank-off pressure as
oil backstreaming may result. When
necessary to shut down the vacuum sys-
tem for over 8 hours, fill gas ballast with
nitrogen for at least 4 hours before
stopping.
The right maintenance.

Drain the exhaust oil mist eliminator
weekly. If oil is clean, it can be reused by

Circle Reader Action No. 425

returning to the pump. if it is “milky” or
cloudy, it should be decanted before
returning to pump reservoir. Cleaning inter-
val is determined by the amounts of
particulates accumulated.

Monitor differential pressure across
the oil filter. Replace element when filter
pressure shows a significant increase
above baseline pressure. Actual pressures
will be determined by your own process.

Open pump reservoir at 2-month
intervals to remove sediment from bottom
of the reservoir. And when the particulate
oil filter elements are used, replace
element when filter pressure as shown
on the gage is exceeded.

The right vacuum system.
Stokes is America's full-line vacuum
components manufacturer so we have
the right pumping package for your
application. So you don't have to over-
design or over-purchase.

If you have a processing design ques-
tion call or write: Stokes Division,
Pennwalt Corporation, 5500 Tabor Road,
Philadelphia, PA 19120. 215-831-5400.

Send for free

subscription to 7 Ty

Vac-Tech News. e e, EWE
Keep up with the .:'
latest developments

and advanced tech- —

nology taking place

in the vacuum industry.
Just call or write and
we'll see that you receive
each issue.
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Pilot-Tone System for Mobile Communications
The degrading effects of multipath

fading would be reduced.

NASA's Jet Propulsion Laboratory, Pasadena, California

In a proposed mobile communication
system called the tone-calibrated tech-
nique, a pilot tone provides a phase- and
amplitude-calibration reference to
enable the coherent demodulation of the
signal at the receiver despite fading. The
signal received by or from a mobile ter-
minal is severely and rapidly faded due to
the motion of the terminal and the prop-
agation of the signal along multiple paths.
This fading introduces random amplitude
modulation and phase modulation with a
bandwidth of twice the Doppler frequen-
cy shift.

Under these conditions, it is difficult to
extract the carrier from the faded side-
bands for use in demodulation. However,

if a pilot tone is transmitted along with the
rest of the signal, it undergoes the same
fading, maintaining the same amplitude
and phase relationship with the rest of the
signal at the receiver that it had at the
transmitter. Thus, it can serve as the car-
rier reference for demodulation.

The tone-calibrated technique is in-
tended for use with phase-modulated
data or telephony systems using Man-
chester digital pulse-code modulation.
Because this kind of modulation has no
spectral component at zero frequency,
there is a null at the carrier frequency in the
middle of the spectrum occupied by the
transmitted signal; that is, the transmitted
signal is all sidebands and no carrier. The

Pilot
Radio-Frequency
High- Output
Manchester Pass
Coder Bd 2 mal
1
cos wpt
Data Spectrum
Source split + | Shaping
sin wot
Manchester Ll High-Pass
Coder Filter

Figure 1. In the Transmitter, a Manchester digital pulse code is first high-pass filtered,
then used to modulate a carrier. A pilot tone is inserted at the transmitter to provide a
fade-compensating calibration tone at the receiver.

Calibration
Band-Pass Tone _ | Calibration
Filter ct) Subsystem
Input
(Signal +
Pilot Tone) Band-Pass Notch
™| Fiter [ sy | Flter

Figure 2. In the Receiver, the faded pilot tone is extracted for use in the coherent demodu-
lation of the signal. The faded pilot divided by its amplitude squared is mixed with the
faded signal to recover unfaded Manchester pulses.
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pilot tone is conveniently inserted at the
null frequency and consists of nothing
more than a low-power replica of the nor-
mally absent carrier.

The low spectral density of the modula-
tion at and near zero frequency makes it
possible to suppress the low-frequency
components with little adverse effect on
the transmission of data. Taking advan-
tage of this, the modulation is fed through
a filter (see Figure 1) that passes frequen-
cies above twice the expected Doppler
shift. The central null in the transmitted
signal is thereby broadened to provide

more spectral room for the insertion of
the pilot tone. At the receiver, this
facilitates the acquisition of the carrier in-
formation without interference from the
sidebands.

In one branch of the receiver (see
Figure 2), the input signal plus pilot tone is
notch-filtered to extract the signal. In
another branch, the same input is band-
pass filtered to strip off the signal and ob-
tain the faded pilot tone. The calibration
subsystem divides the faded pilot tone by
its estimated amplitude squared, yielding
the calibration tone. This calibration tone

is mixed with the signal to recover a fade-
compensated version of the original mod-
ulating signal.

This work was done by Faramaz
Davarian of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 25 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 de-
velopment should be addressed to the
Patent Counsel, NASA Resident Office —
JPL [see page 29]. Refer to NPO-16414.

Reduced-Bandwidth Coding for Mobile Communication

Fade-resistant mobile systems would use
power and spectrum more efficiently.

- NASA'’s Jet Propulsion Laboratory, Pasadena, California

Balanced coding, an efficient, new
~ digital-coding technique, would reduce
the bandwidth and power requirements
of mobile communications that use
satellite repeaters. The coding tech-
nique, intended for a residual-carrier
transmission system, would alleviate
the fading and spectrum crowding that
hamper mobile communications.

The proposed transmission system
employs the tone-calibrated technigue
(TCT). A residual carrier is used in this
technique to reduce fading-induced ef-
. fects and coherently demodulate the
- received signal. The TCT is potentially
- efficient in its use of power and of the
frequency spectrum.
i However, the success of the TCT in

reaching its power and bandwidth objec-
tives depends on the way in which the
baseband signal is encoded. Because
the residual carrier power should not be
larger than the minimum power neces-

~sary for effective reception, the received

- tone (the “tone” being the residual car-
rier) must be free from data-induced in-
- terference (self-interference). Therefore,

the code should be one that results in a
null in the modulation spectrum near
~ zero frequency. Because multipath
- fading causes the tone to spread in fre-

- quency by as much as twice the Doppler

frequency, the code must ensure low
power density up to the maximum ex-
~pected Doppler shift. On the other hand,
~ overbroadening should be avoided
because it results in gross expansion of
the transmission band.

The balanced code gives the requisite
low-power band around zero frequency
without overbroadening the transmitted
signal spectrum. A balanced code con-

48
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The Portion of the Total Power contained within the frequency band from zero to the
indicated frequency is plotted for four codes. While the Manchester code has the
lowest spectral power density near zero, the balanced code results in less bandwidth

expansion at the overall signal.

tains an equal number of ones and zeros
in a word. This characteristic guarantees
a spectral null at dc regardless of the
code length. The code is constructed by
mapping every group of M source sym-
bols into a greater number, N, of channel
symbols, N being the number of symbols
in a word.

Of the known codes, the Manchester
code (N = 2) gives the lowest spectral
density near zero frequency (see figure)
but also results in a doubling of the signal
bandwidth. For example, for a channel
with @ maximum Doppler rate of 78 Hz,
the Manchester code is the one of

choice for a source rate of 1,200 bits per
second. The balanced code with N = 6
multiplies the bandwidth by 1%2 and
outperforms the Manchester code at
rates beyond 2,400 bits per second.
Although balanced coding adds a small
amount of delay to the modulator and re-
quires a slighty more complicated
receiver, these are minor disadvantages.
This work was done by Faramaz
Davarian of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further infor-
mation, Circle 26 on the TSP Request
Card.
NPO-16447
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Frame-Synchronization-Assisting Module
The main processor is relieved of preliminary

computational tasks.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

An auxiliary data processor does com-
putations related to the synchronization
of frames of telemetry data, thereby re-
lieving the main processor of this task.
The auxiliary processor, called a frame-
synchronization-assisting module (FSAM)
sorts through large amounts of data to
determine whether they are valid and, if
so, how they are configured.

The FSAM searches any data passed
to it for four possible types of frame-
synchronizing codes. These include the
following:

1. True forward (normal bit polarity and
order);

2. Complement forward (inverted bit
polarity);

3. True reverse (normal bit polarity,
reverse bit order); and

4. Complement reverse (inverted bit
polarity and order).

The FSAM reports back to the main
processor with a 17-word result block.
The first 16 words contain relative bit
locations of the detected codes, with
mode and error information. The 17th
word indicates the number (up to eight) of
codes that were detected, thereby en-
abling the user to go directly toword 17 to
determine whether a valid correlation has
occurred, without having to peruse the
first 16 words.

In principle, any number of data may
be passed to the FSAM. In practice, the
number is determined partly by the user’s
confidence in finding the desired codes in
a data block and partly by the limitations
of the interface/host processor. In the
present design, a block contains 4K
words.

As shown in the figure, all interface
and data signals between the FSAM and

the main processor pass through the
direct-memory-access (DMA) module,
which lies directly on the computer bus.
The DMA module acts as an interface for
all DMA functions and programmed in-
put/output communication with the bus.

Operation begins when the command-
word register is loaded under pro-
grammed input/output. The command
word specifies the type of code, the
number of bits in the code, and the
allowable errors. Any combination of the
four code modes may be selected to con-
duct a code search. Next, the actual im-
age in memory of the desired code is
passed under programmed input/output
in two words.

After the three words are loaded, the
FSAM automatically sets up to look at in-
coming data and signals the user via the
interface that it is ready to accept data.

Direct-Access Lines
0 Through 15

TheF

rame-Synchronization-
module. It examines data in the computer memory to find frame-synchronizing codes.
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Module is connected to the main processor of a computer through a direct-memory-access (interface)
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The data are then passed to the FSAM
until the desired number of words has
been counted by the word counter in the
DMA module. At this point, the module
sends a signal that turns off the code-
detection function of the FSAM. Under in-

terrupt control, the FSAM indicates, to
the user's program, that it is ready to
pass the 17-word result block. This com-
pletes one cycle, and the FSAM is ready
for the next three command words.

This work was done by Carl DeSilveira

of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 33 on the TSP Request Card.
NPO-16564

Motor Servoloop With Optical Shaft Encoder

Position and rate feedback signals are

derived from a single transducer.

Ames Research Center, Moffett Field, California

A motor control circuit derives shaft-
angle and rotation-rate signals from an op-
tical detector. The hybrid digital and analog
circuit requires only a few components
and has no moving parts.

A simplified block diagram is shown in
the figure. The encoder includes an optical
detector that emits pulses on linesAand B
at intervals of 0.72° (500 pulses per com-
plete revolution). The pulses occur when
holes on the encoder disk pass by as the
shaft turns. The relative phases of Aand B
depend upon the sense of rotation: If the
shaft rotates clockwise, pulse A occurs be-
fore pulse B. The opposite is true for coun-

terclockwise rotation.

The pulses are fed to an up/down coun-
ter, which counts them up or down when
the rotation is clockwise or counterclock-
wise, respectively. The output of the coun-
ter is fed to a digital-to-analog converter.
The converter output is a voltage propor-
tional to the shaft rotation from the angle at
which the counter was last reset.

The encoder pulses are also fed to a
fixed-pulse-width one shot, thereby pro-
ducing a pulse train with a frequency pro-
portional to the motor speed. After low-
pass filtering, the pulse train becomes a dc
voltage proportional to the motor speed.

The analog position and speed signals
are fed to an error amplifier along with the
position-command voltage. The amplifier
output is an error signal that drives the
motor in the direction that reduces the er-
ror.

This work was done by Steven P.
Marascalco of Sperry Rand Corp. for
Ames Research Center. For further infor-
mation, Circle 11on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Ames
Research Center [see page 29]. Refer to
ARC-11582.
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The Servoloop generates digital and analog shaft-position and analog shaft-speed signals from the output of an incremental optical en-
coder. These signals are used in the feedback control of the motor.
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Digital Pseudonoise Generator
Numbers would be generated to

satisfy a probability distribution.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

An architecture has been developed
for a noise generator based on a pseudo-
random number sequence. The concept
involves no additions or multiplications;
rather, the outputs of a set of feedback
shift registers would be combined, bit-by-
bit, in accordance with the desired prob-
ability distribution. The digital, pseu-
dorandom number output could be fed to
a digital-to-analog converter to generate
a pseudonoise signal suitable for testing
broadband amplifiers.

The output number lies between 0 and
1 and is generated in binary form with N
bits. Each less significant bit depends
partly on the more significant bits accord-
ing to conditional probabilities for zeros
and ones that satisfy the probability dis-
tribution. A binary feedback shift register
associated with each bit generates a se-
quence of zeros and ones. The registers
are initialized from values stored in a
read-only memory to be linearly indepen-
dent and appreciably different: This
guarantees the quasistatistical inde-
pendence of the N sequences.

The N shift registers are grouped into

three sections (see figure). The exact sec-
tion includes units that generate the N/3
(or other arbitrarily designated number)
most significant bits. Each unit contains a
shift-register generator of a uniform ran-
dom sequence, a logic network, data
lines from a random-access memory,
and an address line to the memory. The
last few stages of each feedback shift
register feed into a logic array to get the
right proportion of zeros and ones for the
specified probability distribution.

In the interpolation section, each unit
includes three shift registers for averag-
ing pairs of distributions to obtain approxi-
mations of the middle bits. The first N/3
bits, already generated exactly, address
the random-access memory through a
control that determines the two adjacent
conditional probabilities, which can be
linearly combined to yield bits (N/3) + 1
through N/2.

The extrapolation section generates
the N/2 least significant bits. It is similar to
the interpolation section, except that only
one parameter is needed in each unit.
The frequencies of the least significant

[

Exact Probabilities,
Bits 0 to N/3

Linear

Interpolation,
Bits N/3 + 1to N2

Extrapolation,
Bits Ni2 + 110 N

First Bit
-

Second Bit

(N S SR e R CURUCE R R R e R L S TR e T

n-th Bit

Output

The Pseudorandom Number Generator would generate N-bit binary numbers. Three groups
of feedback shift registers interconnected according to different schemes, would generate
three bit sequences to be combined into the N-bit number sequence. The delays at the out-
put end are necessary for the correlations of the less significant bits with the more signifi-

cant bits, upon which they partly depend.
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bits are shaped from the frequencies of
the earlier bits by what amounts, in effect,
to an extrapolation of the distribution
function.

Because the later bits depend on the
earlier ones, there must be delays be-
tween the first registers to align the out-
put bits in time. This is only an initial delay:
Once the system is in full operation, pseu-

dorandom numbers are produced rapid-
ly, one after another.

The system is to be constructed of com-
plementary metal-oxide semiconductor
circuitry. A conceptual system using
somewhat fewer than 40,000 transistors
would generate 25 x 108 random num-
bers per second, each containing 22 bits.
The error (that is, the deviation from a tru-

ly random sequence in the desired pro-
bazgility distribution) would be less than
o

This work was done by Arthur Knoebel
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 18 on the TSP Request Card.
NPO-16627

Compensating Function for Antenna Pointing

The mean-square errors of the antenna surface are reduced.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

= A compensating function helps to point

- a deformable antenna without inducing
excessive pointing oscillations or defor-
mations of the reflecting surface. When
- implemented on a computer in real time,
the function enables the calculation of
control signals in response to several
~sensor inputs: The function is devised so
that the signals control the torque ac-
. tuator of the antenna-pointing mecha-
nism in such a way as to reduce or
minimize the squares of the errors of the
. antenna surface over a long time.

The function was developed for an ax-
isymmetric dish antenna made of mesh
supported by ribs. The function is ob-

tained by minimizing a performance in-
dex, J, given by

J=0f [9,0%+ 0,02 +

Qs f f WZ2dA + ru?]dt

where t = time, © = the angle of rigid-
body-rotation error, © = rotational
speed, W = the displacement of the
mesh reflecting surface from the position
in which the rigid-body rotation and all
elastic deformations are zero, dA = the
increment of mesh area (the area integral
is taken over the entire mesh), and u =
the control torque.

025 000 025 050
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The Antenna Settles Down toward zero surface and pointing errors and zero control torque

~after the imposition of an initial rotation error. The compensating function for this case is

derived from a performance index that penalizes the mean-square surface error and the con-

trol torque but not the angular overshoot.
54

The weighting coefficients q;, a,, g,
and r are chosen according to the
amounts by which each error is to be
mathematically penalized or minimized in
the control function. The mean-square
surface error weighted by q, is the
primary term to be minimized, but the
minimization of the response time and of
the overshoot of the rigid-body angle are
also secondary objectives. The combina-
tion of weighting coefficients that best
achieves these objectives is found by
numerical experimentation with the
equations that describe a particular
system.

Once the weighting coefficients are
found, the compensating function, F, is
expressed by a matrix equation

F = KISI-A, + BK, + GC,I'G,

where the subscript n denotes an nth
order approximation, S = the Laplace-
transform complex-frequency variable, |
= the identity matrix, K = the control
gain, G = the estimator gain, A = the
antenna dynamical matrix, B = the con-
trol-input matrix, and C = the measure-
ment matrix.

Numerical simulations have been per-
formed for a compensating function
having three channels: Channel 1 is from
the hub-rotation sensor to the torque ac-
tuator. Channels 2 and 3 are from two rib-
tip displacement sensors to the torque
actuator; these channels have identical
transfer functions by virtue of the antenna
symmetry. The figure gives results from
one of the simulations, showing the re-
sponses of the rigid-body error angle, the
mean-square surface error, and the con-
trol torque as they evolve from an initial
rigid-body-rotation error.

This work was done by D. Lewis
Mingori and James S. Gibson of the
University of California, Los Angeles for
NASA’s Jet Propulsion Laboratory.
For further information, Circle 53 on the
TSP Request Card. NPO-16616
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resolution image data into a computer for analysis, manipulation,
display and storage. And they're backed by a team of specialists
that provides all the technical support you need for whatever
applications you have—worldwide.

Typical applications: Artificial Intelligence = Pattern
Recognition @ Remote Sensing = Earth Resource Analysis = Color
Infrared Imaging © Electron Microscopy = Astrophysics = CAD
input = Modeling (2D & 3D) = Circuit Design = Mapping; Radar,
Cartographic, Thematic, Utility, Topographic = Medical Imaging:
NMR, X-Ray, Ultrasound, PET, Autoradiography,
Tomography = Materials Testing: Surface Analysis,

Tensilometry.

If you'd like us to focus on your particular
application, please call us at (617) 275-5070. If
you'd like some literature, simply write to us at

Eikonix Corporation, 23 Crosby Drive,
Bedford, MA 01730, Telex: 951231.

Eikonix high
performance digital
imaging cameras
conver! stationary
pictures and objects
into digital form via a
linear sensor array. |
They offer precise |
analytical capabilities
and highly accorate
storage and retrieval
for more applications
than you can imagine.

lllustration of a
typical imaging system
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Visit us at Siggraph "86 Booth #1450
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Airborne Instrumentation Computer System

A modular microcomputer provides real-time
data processing and telemetry-interface functions.

Ames Research Center, Moffett Field, California

A programmable instrumentation sys-  lemetry to digital systems on test aircraft. strumentation computer system, also
tem links pulse-code-modulation (PCM)te-  The system, called AICS for airborne in-  analyzes flight-test data during a flight. A

E g

5Lines

8231
Arithmetic
6.144-MHz
Crystal D Processor
Oscillator =y Uﬂ"

Standard
Bus

NOTES: USART means universal synchronous/asynchronous receiver/transmitter
RAM means random-access memory +5v
EPROM means electrically programmable read-only memory
MSB means most significant byte
LSB means least significant byte

User Interface
Connector

ks The Single-Board Microcomputer in the AICS includes only commercially available VLSI circuits. In typical applications, the power con-
- sumption is less than 50 W.
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Red h
red horrill

Digital imaging reveals the reality
hidden outside our powers of perception:
The body beneath the skin, the worlds
beyond the stars, the strata below the sur-
face...or the face behind the make-up.

Now there is an affordable new image
processor for scientists, physicians, radiol-
ogists, geologists, designers and others
who must see more than the eye can see.
VisionLab from Comtal/3M.

VisionLab transforms an IBM AT or
XT* or compatible into a digital imaging
computer with the power of yesterday’s
mainframe or minicomputer-based systems.
From CAT scans to LANDSAT images,
VisionLab’s many interactive functions
enhance, process and analyze in real-
time or near real-time, to expand the powers
of perception.

And VisionLab does it all at a price that
makes it a very tough act to follow.

VisionLab is the latest in an all-
encompassing line of digital imaging
equipment from Comtal/3M. For vision-
ary design, product strength and tech-
nical support, call Comtal/3M, leaders
in digital imaging technology since the
dawn of the industry.

VisionLab

Comtal/3M
Pasadena, California (800) 832-2255

Expanding the Powers of Perception

*IBM AT and IBM XT are
registered trademarks of
International Business
Machines Corporation.



synthesized voice output is also available.

A block diagram of the single-board
AICS computer is shown in the figure. The
interface to the PCM telemetry system
uses two additional printed-circuit cards
(not shown). By virtue of its programmabili-
ty and its use of the STD bus with plug-in
cards, the AICS can be quickly adapted to
different projects.

The 114-by-165-mm, six-layer computer
board plugs into the STD-bus backplane
mounted in a 254-by-133-by-140-mm en-
closure. The backplane can accommo-
date six printed-circuit cards.

The computer includes an 8085A 8-bit
microprocessor and an 8231 arithmetic
processor with a 32-bit internal data path
for performing single- and double-preci-
sion floating-point arithmetic and scientific
calculations.

AICS software is prepared in assembly

- language on a minicomputer with a relo-
cating cross assembler having macro and

A system of finite arithmetic over
residue Fermat number systems en-
ables the calculation of the discrete
Fourier transform (DFT) of a series of
complex numbers with a reduced
number of multiplications. The com-
puter architectures based on this ap-
proach are suitable for the design of
very-large-scale integrated (VLSI) cir-
cuits for computing DFT’s. The general
approach may not be limited to DFT’s;
it may also be applicable to the
- decoding of error-correcting codes
- and to other transform calculations.

A complex integer can be represent-
ed by a pair of residues modulo a Fer-
mat number, F,, where F, = 22" +1.

The ring of residues of integers modulo

58

subroutine capability. A real-time hardware
emulator is used for program testing.

The AICS has been used on an F-15 air-
craft as an interface between two digital
electronic engine-control computersanda
PCM telemetry system. Because of the
flexibility of the AICS design, only software
maodifications and one additional line-
receiver card are required to adapt the
AICS from the F-15 application toone onan
F-111 aircraft with a complex, two-compu-
ter control system used to study a variable-
camber wing. The AICS has also been
used on an OV-1C Mohawk aircrafttotesta
stall-warning concept, a more complex ap-
plication that illustrates the potential power
of the system.

The interface to the PCM telemetry sys-
tem can provide up to 16-bit data words.
Since the PCM interface must provide a
data word on demand within 4 microsec-
onds, asynchronously with other AICS
processes, the PCM interface contains a

st L SRl -

VLSI Architectures for Computing DFT’s

Simplifications result from the use of
residue Fermat number systems.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

F, is designated as ZF,,- The set ZFn [il =
{a + blab € Z } contains FZ elements.
Over this set, addition is given by

(@+ib)+(c+id =
(a+ c),_-n +ib + d),:n
while multiplication is given by
(@ + ib)c + id) =
(ac — bd),:n + i(bc + ad)Fn
where the subscript F  denotes the
residue of a modulo F. An important

mapping in this system is specified by
$¢a + b—>[@ + D) . (@ — sb)Fn] = (@)

where a = (a + sb)e , @ = (@ — sb) ,
ands = +22"7".

separate 16-bit-word buffer memory with a
direct-memory-access controller. To send
16-bit words via a 10-bit-word telemetry
system, the interface sends a 10-bit word
followed by a 6-bit word for each DMA
access.

This work was done by Glenn A. Bever
of Ames Research Center. Further infor-
mation may be found in NASA TM-86036
[N84-20521/NSP], “The Development of an
Airborne Instrumentation Computer Sys-
tem for Flight Test."

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

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Ames
Research Center [see page 29]. Refer to
ARC-11602.

Advertising
in this
section
works hard
for you—
butit’s
easy to
arrange.

Simply
call
(212)
490-3999.
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A recently developed algorithm makes
it possible to compute the DFT using the
direct sum S¢_of two copies of residue
number systems ZF,,- A principal advan-
tage of this algorithm is that a complex
multiplication can be done by using
similar integer multiplications in two
parallel, independent residue channels.
Building on this idea, it has been found
that a complex-integer DFT can be com-
puted by multiplication modulo a Fermat
number in two parallel, independent
residue channels.

Such a multiplication over the direct
sum of two copies of ZFn can be used in
the implementation of a systolic array of
the DFT. A VLSI architecture has been
developed for computing the d-point DFT
over the direct sum Sy, of Z¢, i using

two copies of the finite ring ZFk 4 for all

j. The VLSI processor is composed of d
basic cells.

The figure shows an example of this
architecture for a four-point DFT in Z,,[i].
First, the integer complex-number se-
quence a, is converted from Z,,[i] into
(a, &) € S,; for 1 < i< 4 and sent to all
the cells simultaneously. Each register is
composed of two five-bit subregisters
containing (a,a). Initially, all registers are
set at zero. After the input data are

Input Data
agazaiag

(@3, ag) (3. ap) (a1, a4) (@p. ag)

NOTES:

w0 = 12(1,1)

non

ol = 1244, -4)
02w V=T, =)

o= 1u(=44)

PSRN ST DTTETA

Output Transform
AgA1A2A3

e B

-

This Systolic Array would be used to compute a 4-point DFT over the direct sum, S, of two
copies of Z;. This system is readily implemented in VLSI.

the DFT are contained in registers B,
through B,. The values computed in this
manner are shifted sequentially out of
register R, These values are then convert-
ed by the inverse mapping ¢ into A, =
a, + Ib, for 0 < k< 3. Finally, these A, are

entered, the components A, (in S;,) of retumed to the scale of the original com-

plex numbers by B! = 1for 1< k< 4.

This work was done by Trieu-Kie
Truong, Jaw John Chang, In-Shek Hsu,
Irving S. Reed, and Ding-Yai Pei of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 98 on the TSP Request Card.
NPO-16656

PULSED ENERGY MEASUREMENT

“unsurpassed for speed, sensitivity, & accuracy
... UV to Far IR, picojoule to joules”

Rj-7000 SERIES microprocessor based ENERGY METERS, available in single or dual
channel readout. Features scientific notation readout, autoranging, BCD output, EMI
rejection, and wide dynamic range. Direct readout of individual pulse energies with
repetition rates up to 40pps and pulse length from picoseconds to one millisecond. The
measurement range is from 10~* to 10 joules (pyroelectric), down to 10~ with the silicon
probe. A broad selection of probes are available to meet your requirements.

PROBE SPECIFICATIONS (with either readout)

MODEL TYPE AREA  RESOLUTION* MAX. SIGNAL SPECTRAL RESPONSE

Rip-734 Cavity 5.0cm? 1x10-* 1x10°W/em? +%% (0.4-3um); +%%, —4% (0.25-16 pm)
Rjp-735 Cavity 1.0cm? 1x10-7 1x10°W/em? +%% (0.4-3um); + %%, —4% (0.25-16 um)
Rjp-736 Hat 20.0cm? 1104 1x10°W/cm? +3% (0.4-1um); +3%, —9% (0.35-11 um)
Rjp-765 Silicon 1.0cm? 5x10-=  5W/cm? 0.3-1.1um (not fiat)

*Single event, 10X and 100X averaging available

For more information, contact:

. laser precision
1231 Hart Street, Utica, NY 13502 (315) 797-4449

measurements

Radiometric
Selection

The easy way to select the right
power meter, energy meter, radiom-
eter, or detector to fit your re-
quirements.

(UV to far IR, picowatt to kilowatt,
picojoule to joules)

-CIRCLE NO. 302
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Interferometer for Observing

Compressible Flow

Moving pictures show changing flow-field contours.

Ames Research Center, Moffett Field, California

A new optical interferometer enables
the instantaneous visualization of com-
pressible fluid flows. Because it is relatively
immune to vibration, the unit is well suited
to the observation of flows over models in
large wind tunnels. By noting the relation-
ships between fringe shifts, refractive in-
dices, and densities, an experimenter can
map the flow-field density contours. Since
the relationships among the density, pres-
sure, and velocity are fairly well under-
stood theoretically, the interferometer can
give a quantitative, time-resolved char-
acterization of the flow field.

The new interferometer (see figure)
combines elements of the schlieren and
point-diffraction interferometers. The light
source would ordinarily be a laser, but, with
sufficiently precise optics, an incoherent
source can sometimes be used. The light
beam is first spatially filtered, expanded by
lens 1, then collimated by spherical mirror
3 into a broad beam that crosses the ex-
perimental volume. The beam is then
focused by mirror 4 and recollimated intoa
narrower beam by lens 2.

The portion of the beam reflected by
beam splitter 1 is focused by lens 3, re-
collimated by lens 4, and passed on to
beam splitter 2. This portion contains the
diffraction imposed on the object beam by
the experiment. The part of the beam
transmitted by beam splitter 1 is focused

by lens 5, then passed through a pinhole to
remove the experimental diffraction pat-
tern and generate a spherical reference
beam.

The reference beam is collimated by
lens 6 and recombined with the reflected
part of the object beam at beam splitter 2.
Both the transmitted and reflected outputs
of beam splitter 2 can be used. The recom-
bined beams interfere on the image
planes, producing interference fringes that
can be observed directly and photo-
graphed while the experiment continues.

The interferometer has been demon-
strated by producing images of the flow
arounda candle, a propane torch, a heated
cylinder, and an oscillating airfoil in a wind
tunnel. Future developments will include
the refinement of the optics, the selection
of advanced recording media, and quan-
titative comparisons to holographic inter-
ferometry (which does not have real-time
capability, unlike the new technique).

This work was done by W. D. Bacnalo
and M. J. Houser of Aerometrics, Inc. for
Ames Research Center. For further in-
formation, Circle 43 on the TSP Request
Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Ames
Research Center [see page 29]. Refer to
ARC-11549.

TRANSMITTER Volume

Experimental

RECEIVER

]

M2
M3

—_——

NOTES:
L = Lens
M = Mirror
BS = Beam Splitter

i
|
|
|
|
Image
Planes

In the Improved Point-Diffraction Interferometer, the reference beam is generated by pin-
hole (point) diffraction at a place in the object beam outside the experimental volume. The
object under test is positioned so that its interior or its supporting stand (for which no
interferogram is normally required) lies in the shadows of turning mirrors 2 and 5.
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Ultrasonic Verification of Metal-Grain Size

The heat treatment of a sample of
known material can be measured.

Lewis Research Center, Cleveland, Ohio

Ultrasonic attenuation as a function of
frequency can be determined for a metal
sample having a known mean grain
diameter. It has been demonstrated at
the Lewis Research Center that once this
function is determined for one sample of
a material, it can be scaled to determine
the mean grain size of other samples of
the material. The results suggest that an
ultrasonic approach is viable for verifying
the effects of the heat treatments that
vary the grain size. Thus, an in situ, non-
destructive method is available for verify-
ing the degree and correctness of heat
treatment in metals-processing facilities.

Advanced techniques are used for the
ultrasonic interrogation of heat-treated
metals. It has been shown that the ratio
between the wavelength and mean grain di-
ameter is a significant factor in compar-

CALIBRATION CURVES FOR 99.99% COPPER

ing changes in microstructure. This ratio
can be used to determine a scale factor
between two polycrystalline materials
having different mean grain diameters.
These results are achieved by determin-
ing the attenuation as a function of fre-
quency without reference to any par-
ticular scattering mechanism. By this
approach, it is unnecessary to associate
a particular wavelength with the mean
grain diameter. This allows a generalized
formulation for scaling the mean-grain-
diameter variations among samples of
polycrystalline material that has under-
gone heat treatment.

Representative sets of experimentally-
based calibration curves are shown in the
figure. The heat treatment of an unknown
sample can be verified by comparing its
attenuation curve to the calibration set

for the material. Possible uses of this
technology include nondestructive ultra-
sonic verification of heat treatments and
other online inspection systems.

This work was done by Edward R.
Generazio of Lewis Research Center.
Further information may be found in
NASA TM-83788 [N84-32849/NSP], ““The
Role of the Reflection Coefficient in Preci-
sion Measurement of Ultrasonic Attenua-
tion."

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra
fee by calling (800) 336-4700.
LEW-14283

CALIBRATION CURVES FOR 99.5% NICKEL
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The Heat Treatment of a Sample can be verified by comparing its attenuation curve to the set of calibration curves for the sample material.

Solar-Powered Water Electrolyzer

Field trial provides data for
an economic assessment.

John F. Kennedy Space Center, Florida

An experimental solar-powered water
electrolyzer operates efficiently and with
the promise of favorable economics. The
electrolyzer produces hydrogen and oxy-
gen from water using solar photovoltaic
electricity directly, without conditioning.
The hydrogen could be used as an ener-
NASA Tech Briefs, July/August 1986

gy-storage medium to be burned when
needed to generate heat or electricity for
domestic use.

The system consists of a commercial
photovoltaic array with a 1-kW peak-
power rating and a scaled-down version
of a commercial electrolyzer. The elec-

trolysis module consists of 15 cells, each
having an effective diameter of 5.19 cm
and an allowable current density of 600
mA/cm2. The electrode area and the
number of cells, which determine the
current and the voltage demand, respec-
tively, were selected to match the peak
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The Photovoltaic Array and Electrolyzer were connected to instrumentation, then tested to determine performance under various operating

conditions.

power output of the solar array. An as-
bestos diaphragm separates the anode
= and the oxygen from the cathode and the
L hydrogen in each cell. Controls and
alarms use commercial ac power dis-
* tinct from the dc supplied by the
- photovoltaic cells.
The unit functions with an energy effi-
ciency (the ratio of energy in the hydro-
gen to that delivered by the solar cells) of
about 50 to 75 percent, the exact value
depending on the weather and the operat-
ng schedule. The overall system efficien-
cy is about 4 percent — a respectable
figure in view of the inherent inefficiency
of photovoltaic conversion.
The system (see figure) was tested for
3 months in Florida. From the data col-
lected during this trial, an economic
- analysis was made by extrapolating to a

4-kKW residential system. Such a system
is expected to produce 500 kWh per
month in Florida, on the average. Since
the average Florida residence uses
about 1,000 kWh per month, or double
the output of a 4-kW electrolyzer, this
size is appropriate for a basic module.

According to the analysis, the cost of
1 kWh of energy as hydrogen gas would
be 73 cents in 1983-84 and only 17 cents
in 1995. These costs include allowances
for the photovoltaic array, the electro-
lyzer, maintenance, electrolyte replace-
ment, electrolysis-module replacement,
property tax, insurance, and Federal in-
come tax credit. The electrolyzer cost for
1983-84 was based on a production rate
of 200 units per year and for 1995 on a
rate of 20,000 units per year.

The economics can be improved if a

Impurities would be detected nondestructively

during processing.

Ellipsometry has been proposed as a
. nondestructive method of detecting im-
- purities in films of amorphous silicon dur-
~ ing plasma deposition. Because ellipso-
~ metry can monitor only the surface layer
- it “sees,” it can monitor the deposition
conditions continuously throughout the
. process, alerting the operator to the need
~ to make adjustments and making it unne-
cessary to destroy samples in post-depo-
sition analysis. Such monitoring would
not disturb the deposition process appre-
ciably.

An ellipsometer — also called more
descriptively a spectral polarimeter —
~ measures the polarization of light of a
- specific wavelength reflected from the

. 62

NASA'’s Jet Propulsion Laboratory, Pasadena, California

surface under observation. The reflected
light is generally elliptically polarized. The
measured polarization components are
used to calculate the real and imaginary
parts of the index of refraction, which
represent dielectric permeability and ab-
sorption, respectively, of the surface
material at the given wavelength.

In the proposed system, the surface of
a growing amorphous-silicon film would
be monitored by an ellipsometer at a
wavelength or combination of wave-
lengths at which the impurity or impurities
of interest absorb light strongly. For ex-
ample, oxygen absorbs strongly in the in-
frared at a wavelength of about 9 um,
while silicon is nearly transparent at this

use can be found for the oxygen genera-
ted with the hydrogen and its value in-
cluded in the analysis. In addition, if the
hydrogen were used with a fuel cell during
cloudy periods and at night, the combined
heat from the electrolyzer and fuel cell
could provide all the hot water needed for
the household.

This work was done by Omar J.
Hancock, Jr., of the Florida Solar Energy
Center for Kennedy Space Center. For
further information, Circle 87 on the TSP
Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Kennedy Space Center [see page 29].
Refer to KSC-11297.

Ellipsometric Monitoring of Film Deposition

wavelength. This strong contrast be-
tween silicon and oxygen should permit
ellipsometric determinations of oxygen
content in the amorphous-silicon surface
layer.

A conventional ellipsometer has to be
modified in several ways before it is incor-
porated in the proposed system. The visible
light source (usually a laser) must be replac-
ed with a suitable infrared or other source for
the wavelengths of interest. The instrument
must be built into the plasma-deposition
chamber, with the light source on one side,
the detector on the other. All windows and
optical surfaces must be far enough from the
plasma to avoid film deposition.

Experiments have shown that the deposi-

NASA Tech Briefs, July/August 1986



tion plasma does not affect the polarization.
However, optical absorption by the plasma
reduces the strength of the reflected light,
and radiation from the plasma enters the

detector. To decouple the plasma radiation
from the reflected light, the light source could
be chopped and the detector synchronized
with the source.

This work was done by Donald B. Bickler
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Circle
2 on the TSP Request Card. NPO-16791

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.

Convection in a Solidifying
Binary Mixture

Temperature and concentration
profiles are calculated.

A paper discusses the theory of inter-
related problems of heat transfer and
material distribution in a solidifying binary
alloy. The study expands on earlier work by
including more realistic, mathematically
complicating physical effects and yet retains
a simple geometry and enough simplifying
assumptions to make the equations solva-
ble. The study will lead to improved under-
standing of metal and glass production,
material processing in low gravity, and other
important material processing problems.

The model of the system is a binary alloy
slab of infinite width and finite depth. Heat is
removed from the upper and lower slab sur-
faces by convection, with solidification star-
ting at the lower surface. The solidification
front moves up, releasing latent heat of solid-
ification at the interface. The solid and liquid
have different densities, causing a volume
change and motion of the upper surface dur-
ing freezing.

There is no mass flow across the upper
and lower surfaces. The model does, how-
ever, include mass diffusion within the liquid
and solid. Because the substance is an alloy,
the freezing temperature depends on the
composition at the interface, and the model
takes this effect into account.

Four governing equations are derived from
the standard expressions for time-dependent
thermal and mass transport. The first equa-
tion expresses the relationship among the li-
quid temperature and its spatial derivatives,
the liquid and solid densities, the interface
position, and the thermal diffusivity of the li-
quid. The second equation relates the solute
concentration and and its spatial derivatives
in the liquid to the densities, the interface
position, and the solute diffusivity in the li-
quid. The third and fourth equations are con-
ventional expressions for the temperature
and solute diffusion in the solid.

The interface conditions include two equa-
tions, based on the conservation of mass
and energy at the interface. The solid and Ii-
quid at the interface are assumed to be at the

NASA Tech Briefs, July/August 1986

concentration-dependent equilibrium
melting temperature. The thermal boundary
conditions at the upper and lower surfaces
are expressed by equating the conductive
heat fluxes within the adjacent alloy to the
convective heat fluxes outside.

Although the governing equations are
linear, the interface conditions are not. As a
consequence, the coupled equations are
nonlinear. One numerical solution method in-

volving a Runge-Kutta integrator fails at low
diffusion rates of solids. A second method in-
volves closed-form, analytical solutions and
reaches lower diffusion rates (though not as
low as desired).

This work was done by B. Antar and F.
Collins of the University of Tennessee for
Marshall Space Flight Center. For fur-
ther information, Circle 5 on the TSP Request
Card. MFS-27092

EG&G'S New
HFD Silicon Detector

» Speed: 16 ns rise time
* Gain: 5 x 104 V/IW

» Voltage: - 15V, +5V
» Temperature and

voltage stable

» |deal for laser rangefinders,
short link communications,
and analytical instruments.

Available from stock

Challenge of

but Beats the
Alternative on COST.

Meets the

SPEED
and

GAIN

J\ EG=:G ELECTRO-OPTICS

For further information, contact EG&G Electro-Optics
35 Congress Street, Salem, MA 01970. (617) 745-3200.
No. California (408) 735-1450. So. California (818) 344-3696.
Central States (312) 253-0335. Mid-Atlantic States (609) 452-7772.
utheastern States (904) 383-0758.
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Fire-Resistant Polyimides

Containing Phosphorus

The limiting oxygen index is increased.

Ames Research Center, Moffett Field, California

Polyimides having increased fire resist-
ance have been made by reacting 1{(di-
alkoxyphosphinyl)methyl]-2,4- and
-2,6-diminobenzenes (compound 1 iso-
mers) with such tetracarboxylic dianhy-
drides as pyromellitic dianhydride (PMDA)
and benzophenone tetracarboxylic dian-
hydride (BPTDA). Copolyimides have also
been synthesized from the reactions of
compound 1 and m-phenylenediamine
with the dianhydrides.

Compound 1 is made from the corre-
sponding (dialkoxyphosphinyl)methyl
benzenes by nitration followed by cata-
lytic hydrogenation. The 2,4 and 2,6
isomers are formed in relative amounts of
about 9 and 1, respectively. Separation of
the isomers is not necessary; the com-
pound 1 isomer mixture can be used as is

to make polyimides and copolyimides.

The reaction of the predominant 2,4
isomer with a comonomer and a tetracar-
boxylic dianhydride is shown in the figure.
The copolymer is formed in a two-step
polycondensation process. The first step
is carried out at 20 to 50 °C in a solvent of
dimethyl sulfoxide, N,N-dimethyl forma-
mide, or N,N-dimethyl acetamide. This
step produces a polyamic acid in a fast,
exothermic reaction.

The second step is cyclodehydration,
which can be done thermally or chemically.
In the thermal method, the solvent is first
removed at 75 °C, and the polymer is then
heated at 300 °C in a vacuum for 2 hours.
In the chemical method, the water of cy-
clization is azeotropically removed with
benzene or removed by stirring at room

H,N NH,
-
CH,P(O)OR),
HN NHCOy ,CO HN NHOCy_ ,CO —
Ar Ar
j@/HOOC/ \COOH Hooc” \COOH
CH,P(O)(OR), g
Step 2: Cyclodehydration
: oF Tl o o
) : c": &l
HN NSk < ( >Ar< '
NG TN c c
et ] i
CH.POYOR),  °

Notes: R = CH3CHj or CICH,CH,

A Copolyimide With a Group Containing Phosphorus is synthesized from a 1-[(dialkoxy-
phosphinyl)methyl}-2,4-diaminobenzene (top, left), m-phenylenediamine (top, right), and a
tetracarboxylic dianhydride (top, middle). The copolymer is more fire resistant than the
corresponding polyimide without phosphorus.
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temperature in acetic anhydride with pyri-
dine as a catalyst. The polymer thus pre-
cipitated is heated to 200 °C in a vacuum
for 2 hours to complete the cyclization
reaction.

Phosphorus-bearing polyimides and
copolyimides prepared in this way were
compared with the corresponding poly-
imides without phosphorus, prepared
from m-phenylenediamine and PMDA or
BPTDA. The glass-transition tempera-

tures were reduced by the incorporation
of the (dialkoxyphosphinyl)methy! groups.
The molecular weights and thermal sta-
bilities of the copolymers were found to
decrease with the increasing concentra-
tion of the moieties containing phospho-
rus. Howsver, the copolyimides contain-
ing phosphorus showed considerably
more resistance to fire as measured by
the limiting-oxygen-index test.

This work was done by John

Mikroyannidis of Ames Research Cen-
ter. For further information, Circle 28 on
the TSP Request Card.

This invention has been patented by
NASA (U.S. Patent No. 4,536,565). In-
quiries concerning nonexclusive or ex-
clusive license for its commercial de-
velopment should be addressed to the
Patent Counsel, Ames Research Center
[see page 29]. Refer to ARC-11522.

Sulfone/Ester Polymers Containing Pendent Ethynyl Groups
Two processes make these high-performance polymers resistant to

solvents, without compromising the mechanical characteristics.

Langley Research Center, Hampton, Virginia

A variety of polysulfones and polyes-
ters is commercially available for use in
such applications as adhesives, mold-
ings, membranes, and composite ma-

trices. The un-cross-linked torms of these
materials are tough and thermoformable
but sensitive to certain solvents, especially
under load. As a result, these materials

are unacceptable for use as resin ma-
trices in composite structures on commer-
cial and military aircraft, where resistance
to fluids and paint strippers is an essential

(®3P)2PdClp

NOTE: n is an integer of 1 or greater and x is an integer.

HC = C — Si(CH3)3

C = C — Si(CHa)3

Sulfone/Ester Polymers containing pendent ethynyl groups are prepared by a direct process (large arrow) or by a multistep process (small ar-

rows).
66
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requirement.

Two processes have been developed for preparing an im-
proved class of high-performance polymers. These polymers
show improved solvent resistance while retaining high tough-
ness, thermoformability, and mechanical performance.
Sulfone/ ester polymers containing pendent ethynyl groups
are prepared by a direct or a multistep process. The multistep
process involves the conversion of a pendent bromo group
to the ethynyl group, while the direct process involves
reacting hydroxy-terminated sulfone oligomers or polymers
with a stoichiometric amount of 5-(4-ethynylphenoxy)
isophthaloyl chloride. The two different processes are shown
in the figure.

The preferred direct route is depicted in the left portion of
the reaction equation and involves the reaction of hydroxy-
terminated sulfone oligomers, also referred to as arylene ether
sulfone oligomers, with 5-(4-ethynylphenoxy) isophthaloy!
chloride. The multistep route is shown in the right portion of
the equation and involves the reaction of hydroxyterminated
sulfone oligomers with 5-(4-bromophenoxy) isophthaloyl
chloride to form a sulfone/ester polymer containing pendent
bromo groups. The bromo groups are displaced by tri-
methylsilylacetylene using a palladium catalyst followed by
cleavage of the trimethylsilyl group to the ethynyl group with
a weak base.

The ethynyl-group content and, accordingly, the cross-link
density of the cured polymer may be readily controlled in both
processes. High ethynyl-group content provides high cross-
link density in the cured resin. The material properties of
toughness, stiffness, solvent resistance, and processability
are also controlled by ethynyl-group content. Polymers
containing high ethynyl-group content are generally more
difficult to process (less flow due to reactions of the ethynyl
groups) than those with lower ethynyl-group content and,
when cured, are not as tough as those with lower ethynyl-
group content (lower cross-link density). Conversely, cured
polymers with higher ethynyl-group content (higher cross-link
density) are stiffer (higher modulus) and have better solvent
resistance and higher use temperatures.

The synthesis of sulfone/ester polymers containing pen-
dent ethynyl groups can be readily controlled to adjust the
chemical composition for use in specific applications. As
prepared, the sulfone/ester polymers containing pendent
ethynyl groups are readily soluble in a variety of solvents.
Solutions can be used to cast films, form coatings, or im-
pregnate reinforcement materials to form adhesive tapes and
prepregs. The solvent can be removed, and when the
resultant polymer is heated in the range of 200 to 300°C, the
ethynyl groups react to provide branching and cross-linking.
The cured resin is insoluble, although swelling in certain
solvents, depending on the cross-link density, is observed.

The synthesis may also be used to place pendent ethyny|
groups onto a variety of polymers in addition to sulfone/
esters. Potential applications for the new sulfone/ester
polymers containing ethynyl groups include adhesives,
composite resin matrices, moldings, ultrafiltration mem-
branes, protective coatings, and such electrical insulators as
thin films for microelectronic circuitry.

This work was done by Paul M. Hergenrother and Brian J.
Jensen of Langley Research Center. For further informa-
tion, Circle 27 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 address-
ed to the Patent Counsel, Langley Research Center (see page
29). Refer to LAR-13316.
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Powder Extinguishants for Jet-Fuel Fires

Mixtures of alkali metal dawsonite and
metal halide show superior performance.

Ames Research Center,
Moffett Field, California

In tests of new dry powder fire extinguish-
ants, mixtures of potassium dawsonite
[KAI(OH),CO5] with either stannous iodide
(Snl,) or potassium iodide (KI) were found
most effective for extinguishing jet-fuel fires
on hot metal surfaces (up to 900 °C). These
mixtures performed more effectively than
either compound alone. This is particularly
striking since Kl was one of the most effec-
tive extinguishants known previously.

Alkali metal dawsonites can be prepared
as follows: Equimolar quantities of alumi-
num hydroxide and an alkali metal hydrogen
carbonate powder of particle size less than
90 um are thoroughly mixed and transferred
to an open-topped vessel made of alumi-
num or other metal that is chemically inert to
the ingredients. The vessel is placed in a

B, high-pressure reactor, which is then flushed

and pressurized to 120 to 360 psig (830 to
2,500 kPa) with CO, gas. The reactor is then
- quickly heated to 150 to 200 °C and held at
that temperature for 1 to 6 hours. After cool-
- ing and depressurization, the product is
- dried in a vacuum oven at 50 °C.
- Mechanical mixing of the dawsonite and
- iodide components is adequate for prepar-
- ing the extinguishant mixtures. The ingredi-
~ ents should be finely divided, about 250 to
350 mesh (about 62 um maximum particle
size). To ensure that the resultant mixture
will pour well, moisture should be driven off
from the iodide (either before or after mixing)
and the mixture kept in an airtight container.
- The mixture must be readily pourable so
~ that it will spread rapidly and evenly over the
burning surface.
The performance of single compounds
and two-component mixtures was evalu-
ated in two tests. In the static test, jet fuel
~ (type JP-4) dripped continuously into an
~electrically-heated stainless-steel trough.
~ Afteraflame developed and reached a fairly
~ steady state, the extinguishant powder was

- applied to the flame while the input of heat
and fuel continued. The time the flame took
to rekindle was taken as a measure of extin-
guishant effectiveness.

In the flow test, a fuel leak (such as might
occur in aircraft) was simulated by spraying
the fuel into a heated duct with air flowing
through it. Rekindling time was again taken

- asthe measure of effectiveness.

Static- and flow-test results are shown in
the table both for individual compounds and
for mixtures containing one aluminum com-

~ pound and one metal halide. At 900 °C the

Notes: Mixtures 6 to 11 were preheated.
*KD = potassium dawsonite, KA|(OH),COs.

Notes: Mixtures 2, 5, 9, and 11 were mechanical mixtures;
mixtures 3, 6, 10, 13, and 15 were preheated.
Fire Extinguishant Test Results show longer reignition delays at the higher test tempera-
tures when mixtures of an alkali dawsonite and a metal halide are used than when either
component is used alone. The percentage of iodine by weight in each mixture is shown in
parentheses.
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mixtures consistently outperformed their in-
dividual components. At lower tempera-
tures, both Kl alone and mixtures containing
Kl performed very well.

While these results are very promising,
further development work might be required
to develop practical systems using the new

mixtures. For example, the hygroscopic ten-
dencies of the iodides would have to be con-
sidered in designing storage for the mixtures.

This work was done by Robert L. Altman
of Ames Research Center and Ludwig A.
Mayer and Alan C. Ling of San Jose Univer-
sity. No further documentation is available.

This invention has been patented by
NASA (U.S. Patent No. 4,406,797). Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent Counsel,
Ames Research Center [see page 29] Refe
to ARC-11252. '

Process for Making Tris(N-methylamino) Methylsilane

This efficient process will aid the production of
silicon carbide/silicon nitride fibers.

Marshall Space Flight Center, Alabama

A process for making tris(N-methyla-
mino) methylisilane (TNMAMS) allows this
important precursor of silicon carbide/
silicon nitride (SixNyCZ) fibers to be pro-
duced on a large, economically accept-
able scale. Si,N,C, fibers are produced
by the thermal polymerization of
TNMAMS to polycarbosilizane resin,
which is then drawn and pyrolyzed.
These fibers are 10° times as electrically
resistive as carbon fibers while having
similar mechanical properties; conse-
quently, they are promising replacements
for carbon fibers in composite materials
in which high conductivity would pose a
hazard.

The new preparation of TNMAMS in-

volves the gradual addition, under dry
nitrogen, of x moles of dry methyitrichlor-
osilane to a solution of 10x moles of
methylamine in a dry, inert solvent (e.g.,
petroleum ether). (Water must be exclud-
ed because it engages in competing
chemical reactions.) During the addition,
the temperature is maintained at about
—30°C. The methyltrichlorosilane must
be added slowly to insure that the bypro-
duct hydrochloric acid reacts mainly with
the excess methylamine (rather than with
the product TNMAMS) to produce an in-
soluble salt.

When the addition is complete, the re-
action mixture is warmed to about 40 °C
and kept at that temperature for about 60

minutes. The byproduct salts are then re-
moved by filtration. Finally, the solvent is
removed by distillation, leaving the
TNMAMS, which is a clear liquid at room
temperature.

The synthesis was demonstrated in a
large-scale reaction starting with 1,150 g
(900 ml) of methyltrichlorosilane. After
distillation, 673 ml of TNMAMS remained,
the yield being 58.6 percent by weight.

This work was done by Johnny M.
Clemons, Benjamin G. Penn, and Frank
E. Ledbetter IIl of Marshall Space Flight
Center. For further information, Circle 54
on the TSP Request Card.

MFS-28143

Composite Lightning Rods for Aircratt

Sacrificial tips protect composite

parts of modern aircraft.

Langley Research Center, Hampton, Virginia

The problem of protecting aircraft from
electrostatic discharges and lightning
strikes has stimulated a variety of protec-
tive measures including both passive and
active dischargers. The problem be-
comes more severe as insulating compo-
sites replace more and more of the Fara-
day shield inherent in all-metal construc-
tion. Also, modern electronics and the
practice of entrusting vital flight functions
to computers creates a need for protec-
tion from electrical charges that can in-
duce disruptive currents in the electronic
circuits. The composite, lightweight
sacrificial tip with graphite was designed
especially to reduce lightning-strike
damage to composite parts of aircraft
and to dissipate the harmful electrical
energy.

Extensive damage is often caused by
lightning strikes on the relatively noncon-
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ductive composite structures now fre-
quently used for the wings, tails, fuselage,
or control surfaces on aircraft. This
damage often takes the form of delami-
nation and/or holes (complete burn-
through) in the structural surfaces. When
the sacrificial tip is installed in a position
protruding from the aft surface of an air-
craft part made of composite material,
the energy from a lightning strike on the
part is dissipated through the tip. These
tips are very inexpensive and'sacrificial
but may be usable for withstanding
numerous lightning strikes.

The device consists basically of a
slender composite rod fabricated from
highly- conductive unidirectional reinforc-
ing fibers in a matrix material. These rods
are strategically installed in the trailing
edges of such aircraft parts as wings,
tails, winglets, control surfaces, and the

rearward-most portion of the aft fuselage.
The rods faricated thus far were of unidi-
rectional graphite fibers in an epoxy ma-
trix, 5/16 in. (0.8 cm) in diameter and 52
in. (14 cm) long, tapered approximately
the last inch (2.5 cm) down to about 50
percent of the major diameter at the tip.
This device has already been installed
and used successfully on Langley Re-
search Center's F-106 aircraft.

This work was done by Charles F.
Bryan, Jr. of Langley Research Center.
No further documentation is available.

This invention is owned by NASA, and
a patent application has been filed. In-
quiries concerning nonexclusive or ex-
clusive license for its commercial de-
velopment should be addressed to the
Patent Counsel, Johnson Space Center
[see page 29]. Refer to LAR-13470.
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COSMIC: Transferring NASA Software

COSMIC, NASA’s Computer Software Management and Information Center,
is the one central office established to distribute software that is developed with
NASA funding. COSMIC's role as part of NASA’s Technology Utilization Network
is to ensure that NASA’s advanced software technology is made available to
industry, other government agencies, and academic institutions.

Because NASA's software development efforts are dynamic and ongoing, new
programs and updates to programs are added to COSMIC’s inventory on a
regular basis. Tech Briefs will continue to report information on new programs.
In addition, the 1986 edition of the COSMIC Software Catalog is available with
descriptions and ordering information for available software. Several new pro-
grams for control systems/robotics, expert systems, thermal analysis, turbo-
machinery design, structural analysis, and computer graphics are offered.

For additional information on any programs described in this issue of Tech
Briefs, circle the appropriate number on the TSP card at the back of the publi-
cation. If you don’t find a program in this issue that meets your needs, you can
call COSMIC directly at (404) 542-3265 and request a review of programs in your

area of interest. There is no charge for this information review.

COSMIC®

Computer Services Annex, University of Georgia, Athens, GA 30602; Phone (404) 542-3265

John A. Gibson, Director

Computer
Programs

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

Qﬂeclmnlc Sysiems

Computer Program for
Space-Shuttle Testing

The demand on the Space
Shuttle general-purpose
computers is reduced.

The Space Shuttle has a number of de-
vices which communicate with the gener-
al-purpose computers (GPC's) onboard.
Because of the small number of GPC's
available, using them to test Space Shut-
tle hardware and associated software is
both inconvenient and expensive. The
Simulation Testbed and the Scenario Pre-
processor (STB&SPP) system reduces the

need for use of GPC's in hardware and soft-
ware development and testing. The sys-
tem consists of a computer program, the
SPP, and a set of utility subroutines, the
STB, which incorporates the Interface
Simulator (ISIM).

STB&SPP provides a set of utility test
routines that may be linked with user-
supplied routines into a user-defined,
menu-driven test program for sending
GPC messages to adevice under test and
recording the response of the device. It
also provides a facility for sending scena-
rios of GPC messages to a device under
test, simulating in real time the timing and
updating of messages as normally per-
formed by the GPC. Finally, SBT&SPP pro-
vides a symbolic language, the Scenario
Language, for constructing scenarios and
translating them into an intermediate lan-
guage suitable for interpretation by the
GPC Interface Simulator.

The STB&SPP system is written in
FORTRAN V and Assembler for interac-
tive execution and has been imple-
mented on a Data General Eclipse C330
operating under RDOS with 32K words of
extended memory configured as a Shut-
tle avionics test system (SATS), including
a serial-world simulator/serial-word mod-
ulator (SWS/SWM). The STB&SPP system
was developed in 1983.

This program was written by Martin D.
Hyman, Gerald H. Fine, and Gerald J.
Hollombe of Abacus Programming Corp.
for Johnson Space Center. For further
information, Circle 118 on the TSP Re-
quest Card.

MSC-20779
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The high price of technical com-
puting has forced collea%?es of yours to
settle for compromises. Like supermini
time-sharing and supercomputer service
bureaus.

But now, for less than $100,000,
you can own an Alliant FX/1™ ~a fully
configured system that | + ustifies the desig-
nation supercomputer. The FX/1 runs
Berkeley 4.2 UNIX™ and includes a
vectorizing FORTRAN compiler that
allows you to quickly and easily port
standard FOR r\( rograms, mcludmg
those with VAX™/VMS™ extensions.

Our users report that the FX/1
betters the performance of a VAX 8600
by as much as 2:1. In applications as

IS THE SOLE RROPERTY

B

diverse as finite element analysis, fluid
dynamics and circuit simulation. In indus-
tries as varied as aerospace, quantum
chemi ics and radio astronom

SUY tghe % can be easily upgraded )'
to our FX/ 8" parallel processmg system—
with no loss of investment.

Unprecedented performance at a
price that meets realistic budgets: if this
combination makes you eager for more
information, call Product Manager David
Burns, tollfree, at 800-423-4523. InMA,
phone 617-263-9110.

Professor Thomas Jordan uses his FX/1 in
Geophysics Laboratory at MIT.

A ALLIANT

ComputerSystemsCorporation
© 1986 Aiant Computer Systems Corporation, 42 Nagog Park. Acton, MA 01720 FX/1 and FX/8 are trademarks of Allant Computer Systems Corporation. VAX and VMS are of Dignal E Corpor UNIX sa of ATAT BellL
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&' Mechanics

Nonlinear Supersonic Full
Potential Analysis

Accurate results are ob-
tained for complex
geometries.

The Supersonic Implicit Marching Pro-
gram (SIMP) applies a numerical method,
based on the conservative form of the full
potential equation, to the problem of
three-dimensional supersonic flows with
embedded subsonic regions. The conser-
vative formulation of the problem provides
the ability to capture shocks and to
assess accurately the impact of sweep,
thickness, and lift for conditions where
linear theory is unsatisfactory.

SIMP fills the need for a nonlinear
supersonic technique that produces ac-
curate results for complex geometries,
with efficient use of computational re-
sources as well as minimization of the re-
quired level of user sophistication. Sample
results have been obtained for a variety of
problems, including the Space Shuttle or-
\ biter flow at low supersonic mach num-
bers, flow over realistic fighter configura-
tions, wake simulations for an arrow wing,

* and a forebody in sideslip.

This analysis method is based on the
- full potential equations written to conserve

mass across shock waves as well as
~ throughout the flow. A conservative

switching scheme is used for the transi-
tion from a supersonic marching pro-
cedure to a subsonic relaxation algorithm.
The technique uses characteristic signal-
propagation theory to control density bias-
- ing for the treatment of shocks (including
embedded shocks) and mixed elliptic/
hyperbolic crossflow.

SIMP does not require any specific
form of geometry or physical grid system.
. The separation of the body-fitted grid
calculations and the actual analysis
allows the verification of the geometry
. before proceeding with the solution. The
input consists of detailed contour geom-
- etries and environmental parameters. The
- output contains the surface pressure and
~ density calculations at every marching
- step and detailed flow-field information at

= user-specified cross-section stations.

- SIMP is written in FORTRAN 77 for
~ batch execution and has been imple-
- mented on a CDC CYBER 170-series
computer operating under NOS 1.4, with
. a central-memory requirement of approxi-
mately 260K of 60-bit words. Optional

72

graphic output requires the PLOT10 soft-
ware package. The SIMP program was
developed in 1985.

This program was written by V.
Shankar and K. Y. Szema of Rockwell In-
ternational Corp. for Langley Research
Center. For further information, Circle 64
on the TSP Request Card.

LAR-13413

Calculating Aerodynamic-
Stability Derivatives

This program accom-
modates complicated three-
dimensional shapes.

The VORSTAB program was devel-
oped to calculate the lateral-directional
characteristics of nonplanar wing/body
combinations in subsonic flow.
VORSTAB mathematically determines
the effects of edge-separated vortex
flow, including augmented vortex lift,
strake-induced downwash, and vortex
breakdown.

VORSTAB accepts up to six lifting sur-
faces, under free-air or ground static
conditions. Asymmetrical configurations
and curved leading/trailing edges, as well
as more traditional configurations, are
accommodated by VORSTAB.

The computational method is based
on the Prandtl-Glauert equations.
VORSTAB represents the wing effect by
a vortex distribution, with flow tangency
solved through the quasi-vortex-lattice
method. The edge-separated vortex flow
is represented by Polhamus’ method of
suction analogy. The effect of vortex
breakdown is accounted for by an em-
pirical method. The influence of the
fuselage on the flow field is modeled by
vortex multiplets distributed along the
body centerline.

The VORSTAB input consists chiefly of
geometric specifications for the lifting
surfaces, edges, flaps, and fuselage. The
output includes the lateral-directional
stability derivatives for both attached and
vortex flow, the angle of attack for vortex
breakdown at the trailing edge of a lifting
surface, control effectiveness for both
longitudinal and lateral-directional con-
trol surfaces, the pressure distribution,
and the wing bending-moment distribu-
tion.

VORSTAB is written in FORTRAN IV
for batch execution and has been im-
plemented on a CDC CYBER 170-series
computer operating under NOS 1.4, with
a central-memory requirement of ap-
proximately 145K of 60-bit words. The
program was developed in 1984.

This program was written by C.
Edward Lan of the University of Kansas

Center for Research, Inc., for Langley
Research Center. For further informa-
tion, Circle 65 on the TSP Request Card.
LAR-13471

Wing-Design Program for
Subsonic or Supersonic
Speeds

The surface of mildest
possible camber is
generated.

The WINGDES program provides a
wing-design algorithm based on modi-
fied linear theory that takes into ac-
count the effects of attainable leading-
edge thrust. A primary objective of the
WINGDES approach is the generation
of the surface with the mildest possible
camber that will produce drag levels
comparable to those attainable with
full theoretical leading-edge thrust.

WINGDES provides an analysis as
well as a design capability and is ap-
plicable to both subsonic and super-
sonic flows. The optimization can be
carried out for an entire wing or for
designated leading- and trailing-edge
areas, for the design of mission-adap-
tive surfaces.

WINGDES determines an optimum
combination of a series of candidate
surfaces, rather than the more-com-
monly-used candidate loadings. An op-
timization procedure based on
Lagrange’s method of undetermined
multipliers is used to select a combina-
tion of candidate surface shapes to
yield minimum drag, subject to re-
straints on the lift and moment. The in-
put consists of wing-planform and air-
foil-section-thickness data and of such
operational parameters as the mach
number, Reynolds number, and design
lift coefficient. The results include the
optimized camber-surface ordinates,
the pressure-coefficient distributions,
and theoretical aerodynamic charac-
teristics.

WINGDES is written in FORTRAN [V
for batch execution and has been im-
plemented on CDC 6600 and CDC CYBER-
series computers operating under
NOS 1.4, with a central-memory re-
quirement of approximately 161K of
60-bit words. The program was de-
veloped in 1984.

This program was written by Harry
W. Carlson and Kenneth B. Walkley of
Kentron International, Inc., for Lang-
ley Research Center. For further in-
formation, Circle 66 on the TSP Re-
quest Card.

LAR-13315
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Tum your PC mto a powerful 32—b1t Super-Mml

When your PC runs 35
times faster, you outrun
the competition. Tired of
playing runner-up? Plug a PM™
model DSI-32 Co-Processor
into your personal computer.
And easily outrun any XT,
AT...even many VAX’s.

A completely self-contained
32-bit computer — with floating
point processor —on a single PC
board, the PM™ converts any
IBM/PC into a powerful Super-
Mini that runs at an incredible
10 MHz, with no wait states.
Across the board, it’s the fastest
board for the money, putting the
power and performance of a

$150,000 computer in your lap...

for a hundredth of the price!
Simple to install, in minutes
it’s up and running compatibly
with your standard PC MS/DOS
system, without retraining or
file conversion. You can port
scientific or commercial appli-
cations without recoding or
restructuring your software to

fit Intel’s architecture. And you
can choose either MS/DOS or
Unix at will, without commiting
your system to either one.

Why lag behind? Call the 800
number below for a no-risk trial
of the PM™ And convert your
personal computer to a Personal
Mini. Il make a convert out
of you.

* Operates in any PC/XT/AT or
compatible.

= Takes only one slot.

= Has National Semiconductor’s
32032 processor and 32081

math co-processor both running
at 10 Mhz.

= Optional MMU and ICU provide
for true demand paging virtual
memory up to 15 megabytes.

= DSI memory full 32 bit bus with
1/2/4/8 megabytes on board

= DSI-MS/DOS environment has
access to all devices on PC bus.

= The PC’s 8088/86/286, used
concurrent, handle all I/0 and
leaves DSI-32 to run uninterrupted.

= Port, mini and mainframe source
programs in minutes.

= Includes assembler, linker, and

Circle Reader Action No. 440

debugger and full documentation.

= Supported by C, Pascal and
Fortran-77 compilers ported for
Vax/VMS compatibility:

= Two level hardware implemented
software protection, custom
arrangements negotiable.

= Two serial ports up to 38k baud.

» Hardware and software support
for 1 year. Extended hardware/
software support available.

= Try our board NOW for no-risk,
30 day Money Back Evaluation
Period.

Sieve Benchmark
N* IBMXT IBMAT VAX750 VAX780 DSI-32

20,000 3530 8.13 6.11 304 452
40000 35150 9971 1313 638 907

Float Benchmark
40000 1146 17.7 83 50 80
Unix Benchmarks
DSI-32 VAX780 VAX750

035. Overheod 388 44 70
C Compiler Test 55 10 17
Sieve of Eratosthenes 193 17 24

COIECH.nc.

COMPUTER SYSTEMS

3711 35th Street, N.W.
Washingtin, D.C. 20016
202 244-3858

800 826-2189




¥ Machinery

Dynamic Tooth Loads for
Spur Gears

The program should
facilitate the application of
high-contact-ratio spur-gear
concepts.

As a result of the recent interest in the
possible weight saving obtained by using
high-contact-ratio gear (HCRG) meshes, a
computer program was developed using a
time-history, interactive, closed-form
solution for the dynamic tooth loads for
both low- and high-contact-ratio spur
gears. Because the magnitude and varia-
tion of the tooth-pair compliance with
load position can affect the dynamics and
loading significantly and because the
tooth-root stressing per load varies signif-
icantly with load position, it was desirable
to include in the dynamic gear program
preprocessors and postprocessors, re-
spectively, for calculating these two im-
portant factors. Since the tooth forms for
HCRG's deviate appreciably from the tooth

= forms for conventional low-contact-ratio
b gears (LCRG's), improved and simplified

methods were developed for calculating

- the compliance and stress sensitivity for
~ three involute tooth forms as a function of
~ load position — a standard LCRG tooth
~ with no undercut and two HCRG teeth

with different forms of undercut.
The method developed for calculating

~ the compliance of spur-gear teeth follows

to a great extent that developed by

= Weber and includes three factors: (1) the

basic deflection of the tooth as a beam,
(2) the deflection of the tooth caused by

~ the fillet and foundation flexibility, and (3)

the local deflection caused by the contact
between the two teeth. The principal im-
provement in the compliance analysis
was for the fillet/foundation deflection,
which was found to be defined by differ-

~ entfillet angles for various load positions,
~ whereas previous studies assumed a
- given fillet angle of about 75°. The result-

. ing compliance analysis was evaluated
£ ' by applying it to available test, finite-

element, and analytic-transformation
results and was found to give compliance

~ results that agreed well with measure-

ment and “exact” analyses.

The method developed for calculating
the stress sensitivity is an improved and
simplified version of the Heywood analy-
sis. Because the tooth forms for HCRG's
deviate appreciably from conventional

' LCRG tooth forms, the stress-sensitivity

analysis had to include most of the fac-
tors affecting the stressing. The improved
analysis does not assume the peak stress
occurs at 30° from the base of the fillet,
as the Heywood analysis does, but allows
it to be a function of the load position. The
sensitivity analysis was found to give re-
sults that agreed well with the Heywood
and Kelley and Pederson methods, which
in turn, have been found to correlate well
with test results. Evaluation of the modi-
fied Heywood stress-sensitivity analysis
showed that its results compared very
well with available test, finite-element,
and analytic-transformation results.

The formulas contained in the com-
puter program are based on the work
done by Heywood, Weber, and O'Donnell
for the stress sensitivity and compliance
of low- and high-contact-ratio, involute,
spur-gear teeth. The parameters used in
these formulas require the derivation of
the effective fillet length or angle rather
than assuming particular values as done
by Heywood and O'Donnell. The stress-
sensitivity formula is a modified version of
the Heywood formula, using simple beam
parameters. The compliance formula
uses O'Donnell foundation-flexibility fac-
tors and Weber’s local-contact com-
pliance.

The program is written in FORTRAN IV
for use on an IBM 370 computer.

This program was written by R. W.
Cornell and W. W. Westervelt of United
Technologies Corp. for Lewis Research
Center. For further information, Circle 67
on the TSP Request Card.

LEW-14099
Fabrication

E Technology

Program for Heat Flow in
Welding

The user can predict power
requirements and
temperature distributions.

This program contains a numerical
model of the temperature distribution in
the vicinity of a weld. The weld model can
be used to produce estimated welding-
power requirements, welding-power-loss
analysis, heat-affected-zone temperature
history, and weld-puddle cross-section
plots. The model can be applied to
gas/tungsten-arc, plasma-arc, electron-
beam, and laser-beam welds on wide
plates under steady conditions.

The basic weld model combines a
point source on the surface with a line

source of heat. One dipole and three
quadrupole components can be added at
the user’s option. Marangoni circulation,
surface contamination, and magnetic
pumping within the weld puddle can be
simulated by use of the multipoles.

The entire program is written in a
menu format that includes prompts for
such required input as metal-character-
ization parameters and weld geometries.
The program contains default character-
ization values for four common weld
materials. There is extensive plotted out-
put to the screen, including graphs of
weld speed versus power, temperature
versus distance from the heat source,
and weld-puddle cross sections within
user-defined boundaries.

The weld model is written in BASIC for
interactive execution and has been im-
plemented on a Tektronix WP 1220 series
computer operating under TEK SPS with
a central-memory requirement of approx-
imately 12K of 16-bit words. This program
was developed in 1984.

This program was written by A. C.
Nunes, Jr., and M. H. Graham of Mar-
shall Space Flight Center. For further
information, Circle 10 on the TSP Request
Card.

MFS-28081

Program for Generating
Graphs and Charts

The user can create and
maintain a customized data
base and related graphics.

The Office Automation Pilot (OAP)
Graphics Database system offers the
IBM personal computer user assistance
in producing a wide variety of graphs and
charts and a convenient data-base sys-
tem, called a chart base, for creating and
maintaining data associated with the
graphs and charts. Thirteen different
graphics packages are available to the
OAP user. Access to each of the graphics
capabilities is obtained in a similar man-
ner. The user chooses creation, revision,
or chartbase-maintenance options from
an initial menu. The user may then enter
or modify data displayed on a graphic
chart.

The cursor moves through the chart in
a “circular” fashion to facilitate data entries
and changes. Various “help” functions
and onscreen instructions are available
to aid the user. The user data are used to
generate the graphical portion of the
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The best real-time, parallel

computer just got better.
Thanks to the 68020.

And thanks to the versatility of its
architecture, the FLEX/32 MultiComputer is
the only system that can add computers
such as our 68020-based C2C real-time
engine to its parallel environment. Now, the
FLEX/32 is the only real-time parallel
computer supporting 20 MHz 68020s. The
FLEX/32 is the only computer that can

run multiple 68020s with multiple 32032s in
the same system, in parallel. The FLEX/32 is
the only parallel system that has what it
takes for real-time applications:

REAL-TIME SPEED: The speed of massively
parallel processing, the 68020 and its 68881
FPU. High-speed static RAM for cache-like
performance from all memory. Memory
mapping overhead eliminated by real-time
memory management.

SOFTWARE TOOLS: UNIX for development, a
fast real-time 0S, high-level languages,
parallel debugging tools, and automatic hard-
ware/software configuration management.

FLEXIBILITY: Starting at two computers,
multiple FLEX/32 systems can grow to
hundreds, even thousands of computers, all
processing in parallel.

I/0: As a FLEX/32 grows, separate 32-bit
VMEbus channels are added. Dynamic 1/0
memory address remapping for real-time
scatter/gather performance.

PRICE PERFORMANCE: The FLEX/32's cost
per million Whetstones is unmatched in
the industry.

The Series 1200 configured with 8 super minicomputers
and 17 mb of static memory (SRAM).

APPLICATIONS
Simulation

Al and C3
CAD/CAM/CIM

Robotics

Process Control

Test and Measurement
Signal/Image Processing

PARALLEL HARDWARE

Muitiple Super Minicomputers
Multiple Memories

Multiple Data Paths

Multiple Instruction Paths
Multiple VMEbus 1/0 Paths
Multiple Self Test Modules

CONCURRENT SOFTWARE
Ada

ConCurrent C

ConCurrent FORTRAN

UNIX System V

Real-Time Operating System
Concurrency Simulator

Flexiible Computer Corporation

1801 Royal Lane, Bldg. 8; Dallas, Texas USA 75229; (214) 869-1234; TX: 5106001569

Sales Offices: Philadelphia (215) 648-3916; Chicago (312) 654-1125; Los Angeles (213) 640-3322,
San Jose (408) 292-7335: Washington D.C. (703) 356-8882: Denver (303) 741-3539; Florida (305) 344-0808.

FLEX/32, ConCurrent C and ConCurrent FORTRAN are trademarks of Flexible Computer Corporation. UNIX System V is a
trademark of AT&T Bell Laboratories. Ada is a trademark of the U.S. Government.
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chart. Completed charts may be dis-
played in monotone or color, printed,
stored in the chart base on the personal
computer, or uploaded to an IBM host
computer (if the user's personal com-
puter supports communications).

The thirteen graphics capabilities are
divided into three groups: forms, struc-
tured charts, and block diagrams. There
are eight forms available: (1) bar/line
charts, (2) pie charts, (3) milestone
charts, (4) resources charts, (5) earned-
value analysis charts, (6) progress/effort
charts, (7) travel/training charts, and (8)
trend-analysis charts. There are three
structured charts available: (1) bullet
charts, (2) organization charts, and (3)
work breakdown structure (WBS) charts.
There are two block diagrams available:
(1) N x N charts and (2) PERT charts.

Each graphics capability supports a
chart base. The OAP graphics data-base
system provides the user with an effec-
tive means of managing data, which are
best interpreted as graphical displays.

The OAP graphics data-base system is
written in Microsoft PASCAL for interac-
tive execution on an IBM personal or XT
computer with at least 192K of memory,
at least one disk drive, and the color
graphic adapter and monitor. For printed
chaits, an Epson printer (or equivalent) is
required. Source code for the entire sys-
tem is available to the user for modifica-
tion and customizing. An executable disk
L is also supplied for each of the thirteen
graphics capabilities. The system was de-
veloped in 1983.

This system was developed by Clarence
T. Ackerson of Goddard Space Flight
Center. For further information, Circle 32
on the TSP Request Card.

GSC-12925

Scanning Program

A user can extract tokens

~ from character strings.

The SCAN program uses a scanning
algorithm to locate tokens in a line of in-
put data. The tokens can be command
words, numbers, data values, labels, and
the like. By using the SCAN subroutines, a
user can extract tokens from character
strings in languages with simple or com-
plex syntax. SCAN has been thoroughly
~ tested and is implemented in NASA's
Descent Design System for the Shuttle
orbiter. Due to its generality, SCAN
should be useful for other programs re-
quiring input scanning.

The SCAN algorithm was developed
from digital design concepts and auto-
. matatheory. The program has three main

~ elements: (1) input and output data, (2)

76

process-control data consisting of a state
value and a transition table defining the
states for each category of input charac-
ter, and (3) process logic.

The process logic will retrieve a
character, determine the category of the
character (letter, digit, delimiter, and the
like), use the transition table to assign a
new state, and initiate a subprocess,
which depends on the new state. The
SCAN process accepts a character string
as input and will return the leftmost token.
The test driver program included with the
SCAN subroutine incorporates a loop to
extract all tokens in the input line.

SCAN is written in FORTRAN 77 for in-
teractive or batch execution and has
been implemented on an HP 9000-series
computer operating under UNIX 3.0 with
a central-memory requirement of approxi-
mately 107K of 8-bit bytes. This program
was developed in 1984.

This program was written by William C.
Mattison of OAO Corp. for Johnson
Space Center. For further information,
Circle 30 on the TSP Request Card.
MSC-20904

Collector-Output Analysis
Program

Cross-reference indexes
and supplemental informa-
tion are produced.

The Collector-Output Analysis Pro-
gram (COAP) is a programmer’s aid for
analyzing the output produced by the
UNIVAC collector (MAP processor).
COAP was developed to aid in the design
of segmentation structures for programs
with large memory requirements and nu-
merous elements but is of value in under-
standing the relationships among the
components of any program.

COAP provides a comprehensive set
of alphabetized cross-reference tables
describing the relationship between
elements, external references, external
symbols, common blocks, and collector-
defined tags. Supplemental information
concerning memory requirements and
allocation, common banks, undefined
external references, unused elements,
and unused external symbols is also pro-
vided. COAP input consists of a file con-
taining the L-option collector print listing.
If this file also contains the R-option col-
lections of a segmented program, infor-
mation on each of the relocatable el-
ements is provided.

COAP is written in FORTRAN 77 for
batch execution and has been implement-
ed on a UNIVAC 1100-series computer
operating under EXEC 8 with a central-
memory requirement of approximately
65K of 36-bit words. This program was

developed in 1984.

This program was written by Dave R.
Glandorf and Robert F. Phillips I, of
Lockheed Engineering and Manage-
ment Services Co., Inc., for Johnson
Space Center. For further information,
Circle 75 on the TSP Request Card.
MSC-20866

Language and Program
for Documenting Software
Design

Accurate records are kept,
and errors are detected
more readily.

Effective, efficient communication is
an essential element of the software de-
velopment process. The Software Design
and Documentation Language (SDDL)
provides an effective communication
medium to support the design and docu-
mentation of complex software appli-
cations. SDDL supports communication
among all the members of a software-
design team and provides for the produc-
tion of informative documentation on the
design effort.

Even when an entire development task
is performed by one individual, it is impor-
tant to document communication explicitly
among the various aspects of the design
effort, including concept development,
program specification, program develop-
ment, and program maintenance. SDDL
ensures that accurate documentation will
be available throughout the entire soft-
ware life cycle. SDDL offers an extremely
valuable capability for the design and
documentation of complex programming
efforts ranging from scientific and
engineering applications to data manage-
ment and business systems.

Throughout the development of a soft-
ware design, the SDDL-generated soft-
ware-design document always repre-
sents the definitive word on the current
status of the continuing, dynamic de-
sign/development process. The docu-
ment is easily updated and readily acces-
sible in a familiar, informative form to all
members of the development team. This
makes the software-design document an
effective instrument for reconciling
misunderstandings and disagreements in
the development of design specifications,
engineering-support concepts, and the
software design itself.

Use of the SDDL-generated document
to analyze the design makes it possible to
eliminate many errors that might not be
detected until coding and testing are
attempted. The SDDL processor pro-
gram translates the designer's creative
thinking into an effective document for
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For 25 years, DCS
has been shaping

the future of

telemetry.

4784 Bit Synchronizer

B |EEE-488 interface

B Soft decision AGC

B 10 MBPS Operation

B 1 DB of theoretical

B Card changeable for later
upgrades

B Remote terminal or computer
entry

We look to tomorrow with new
products like this:

The DCS model 4784 PCM Bit
Synchronizer is an upgraded
version of an already proven
design. This state-of-the-art
telemetry data processing
component is capable of handling
serial PCM bit streams which
have been degraded by noise,
base line instabilities, or jitter. The
4784 utilizes a synchronous clock
to reconstruct and normalize data
to NRZ-L. Both filter/sample and
integrate/reset detection
techniques are available,
providing optimum performance
under varying operating
conditions.

5001 PCM Decommutator

B Multiple program format
storage

B Programmable bit synchronizer

M Integral PCM simulator

B Diagnostic self-test

B Remote terminal or computer
entry

We continue to pioneer better
ways to serve our customers.
The DCS model 5001 PCM
Decommutator utilizes the most
recent developments in micro-
processor technology, and brin?s
these capabilities to the field o
high bit rate PCM. A dedicated

microprocessor within the Decom-

mutator interfaces with a front
panel keyboard and a 16-digit
alpha/numeric display. The panel
displays program parameters, or
data, under control of the key-
board. Up to 30 formats may be
saved in nonvolatile storage.

At DCS, we always support our
customers with fast, on-call
maintenance in your shop or ours.

6010 High Speed Frame
Synchronizer

B 30 MBPS bit rate

B ECL technology

B Adaptive pattern recognition
B Auto polarity recognition

Future advances in telemetry
are being designed today.

The DCS model 6010 High Speed
PCM Frame Synchronizer repre-
sents one of the most technologi-
cally advanced instruments of its
kind in the industry today. It is
capable of handling data rates of
up to 30 MBPS utilizing an adap-
tive frame sync strategy consist-
ing of search, check, and lock;
based on four sequential, correct
and incorrect patterns. Auto
polarity inverts the incoming data
when a compliment of the frame
synchronization pattern is
detected. The 6010 and soon to be
released, 4785 Bit Synchronizer
are the forerunners of a whole
new family of products now in
advanced stages of design.

1455 Research Bivd,,

Rockville, Maryland 20850

Tel. (301) 2798798 Twx. (710) 828-9785
8291 Westminster Ave., Suite 150,

DATA-CONTROL SYSTEMS

where the customer still comes first!

Westminster, California 92683 Tel. (714) 894-4471 Twx. (910) 596-1802
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communication. The processor performs
as many automatic functions as possible,
thereby freeing the designer’s energy for
the creative effort.

Document formatting includes graphi-
cal highlighting of structure logic, the ac-
centuation of structure escapes and
module invocations, logic-error detec-
tion, and special handling of title pages
and text segments. The SDDL-generated
document contains software-design sum-
mary information, including module-
invocation hierarchy, module cross-
reference, and cross-reference tables of
user-selected words or phrases appear-
ing in the document.

The basic forms of the method are
module and block structures and the
module-invocation statement. A design is
stated in terms of modules that represent
problem abstractions that are complete
and independent enough to be treated as
separate problem entities. Blocks are
lower level structures used to build the
modules. Each of both kinds of structure
may have an initiator part, a terminator
part, an escape segment, or a substruc-
ture.

The SDDL processor program is writ-
ten in PASCAL for batch execution on an
IBM 370-series computer under OS. The
PASCAL version of SDDL was developed
in 1981 and last updated in 1984.

This program was written by Henry
Kleine and Thomas M. Zepko of Caltech
for NASA’s Jet Propulsion Laboratory.
For further information, Circle 70 on the
TSP Request Card.

- NPO-16511

. Fitting Polynomial
- Equations to Curves and
~ Surfaces

' A program finds least-
squares fits for functions of
two independent variables.

FIT is a computer program for interac-
- tively determining least-squares polyno-
. mial equations that fit user-supplied data.
- FIT will approximate a giveny = f(x) with
- a polynomial and plot the resulting curve.
. FIT also includes a method for computing
the polynomial equation of a surface fit to
. data that are described by a function of
- two independent variables, y = f(x,z).
Computer graphics are provided to allow
the user to evaluate the shape character-
. istics of the calculated fit. The interactive
- graphical and editing capabilities in FIT
enable the user to control the polynomial
equations to be fitted to data arising from
. most practical applications.

FIT requires data values for the de-
pendent variable y and the independent

. 78

variable x (also z for surface fits). A
weighted-least-squares solution deter-
mines the polynomial coefficients for the
independent variable x. For surface fits or
“crossplots” of two variables, the calcu-
lated x coefficients are then treated as
dependent-variable values across z.

The user can specify the order of
polynomial; alter weighting factors; edit
the input data; view customized plots with
defined labels, grids, reference lines, and
scaling; and save the plotting parameters
in a file for future use. FIT is menu-driven
and includes a HELP facility.

FIT is written in FORTRAN and COM-
PASS for interactive execution and has
been implemented on a CDC CYBER
170-series computer operating under
NOS with a central-memory requirement
of approximately 146K (octal) of 60-bit
words. FIT requires a Tektronix terminal
with PLOT-10 software to support its full
graphics capability. This program was
developed in 1984.

This program was written by P.
Douglas Arbuckle, Steven M. Sliwa, and
Sherwood H. Tiffany of Langley
Research Center and Marie-Louise Roy
of Kentron International, Inc. For further
information, Circle 36 on the TSP Request
Card.

LAR-13457

Structured Design
Language for Computer
Programs

This language can be used
at all stages of program
development.

The BOX language was developed to
provide for improved productivity in
designing, coding, and maintaining com-
puter programs. BOX is a structured
design language that can be used from
the earliest conceptual design stage
through the final coding.

At the design stage, comments are
used to define the logical structure of the
code in terms of functional boxes. In the
coding stage, statements from an in-
termediate language like FORTRAN are
used to implement the functions de-
scribed in the comments, and condition
lines are added to relate the required
logic to program variables. The branching
logic required by the structures is
automatically generated from these con-
ditional lines and the comments that
define the structures. The usual FOR,
WHILE, and UNTIL loops and the IF-
THEN-ELSE and CASE structures are im-
plemented in a consistent and explicit
way.

The BOX system is written in FORTRAN

77 for batch execution and has been im-
plemented on an HP 9000 series com-
puter operating under HP-UX. The cur-
rent BOX system uses FORTRAN 77 as
the intermediate language. The BOX
system was developed in 1982 and last
updated in 1985.

This program was written by Walter H.
Pace, Jr., of TRW, Inc., for Johnson
Space Center. For further information,
Circle 31 on the TSP Request Card.
MSC-20917

Workspace Program for
Complex-Number
Arithmetic

The existing APL language
is empowered to manipulate
complex numbers.

Complex-variable methods provide
analytical tools invaluable for applica-
tions in mathematics, science, and en-
gineering. The advent of computers signi-
ficantly streamlined the bulk of manipula-
tions involved in complex-number meth-
ods. APL is a computer-programming
language with powerful matrix-handling
capabilities, but it has no built-in complex-
arithmetic functions. COMPLEX is a
workspace program designed to em-
power APL with complex-number capa-
bilities.

Functions available in COMPLEX in-
clude addition, subtraction, multiplica-
tion, and division; trigonometric and
hyperbolic functions; natural and general
logarithms; and such other functions as
power, root, and modulus. Still other func-
tions can be programmed by building on
existing functions.

A program is converted to complex-
number arithmetic by replacing +, —, *,
/., etc., with the appropriate COMPLEX
operators. The user assigns complex
values to the desired variables, usually in
amatrix of 2*N, where N is the number of

. complex variables.

COMPLEX is written in APL for use
with interactive or batch programs and
has been implemented on a Honeywell
Sigma-series computer operating under
CP-V with a central-memory requirement
of approximately 6K bytes. This work-
space program was developed in 1985.

This program was written by Marshall
C. Patrick and Leonard W. Howell, Jr., of
Marshall Space Flight Center. For fur-
ther information, Circle 23 on the TSP Re-
quest Card.

MFS-28111
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Estimating Prices of
Products

Company-wide or process-
wide production can be
simulated.

The Improved Price Estimation Guide-
lines (IPEG) program provides a simple
yet accurate estimate of the price of a
manufactured product. The IPEG pro-
gram facilitates sensitivity studies of
price estimates at considerably less ex-
pense than would be incurred by the
Standard Assembly-line Manufacturing
Industry Simulation, SAMIS, program
[see **Solar Array Manufacturing Industry
Simulation’ on page 446 of NASA Tech
Briefs, Vol. 4, No. 3, Fall 1979 (NPO-
14747)]. A difference of less than 1 per-
cent between the IPEG and SAMIS price
estimates has been observed with
realistic test cases.

The IPEG simplification of SAMIS
allows the analyst with limited time and
computing resources to perform a
greater number of sensitivity studies than
with SAMIS. Although the IPEG program
was developed for the photovoltaic in-
dustry, it is readily adaptable to any stan-
dard assembly-line type of manufacturing
industry.

The IPEG program estimates the an-
nual production price per unit. The input
data include the costs of equipment,
space, labor, materials, supplies, and
utilities. Production on a company-wide
basis or a process-wide basis can be
simulated. The IPEG input file can be
generated by SAMIS or may be prepared
by the user. Once the IPEG input file is
prepared, the original price is estimated,
and sensitivity studies may be performed.

The IPEG user selects a sensitivity
variable and a set of values. IPEG will
compute a price estimate and a variety of
other cost parameters for every specified

value of the sensitivity variable. The IPEG
program is designed as an interactive
system; it prompts the user for all re-
quired information and offers a variety of
output options.

The original IPEG program is written in
SIMSCRIPT I1.5 for interactive execution
and has been implemented on an IBM
370-series computer with a central-
memory requirement of approximately
300K of 8-bit bytes. The original IPEG pro-
gram was developed in 1980. The
IPEG/PC program is written in TURBO
PASCAL for execution on an IBM PC

computer under DOS 2.0 or above with at
least 64K of memory. The IBM PC color
display and color graphics adapter are
needed to use the plotting capabilities in
IPEG/PC. The IPEG/PC program was
developed in 1984.

This program was written by Robert W.
Aster, Robert G. Chamberlain, Silvino C.
Zendejas, Thomas S. Lee, and Shan
Malhotra of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion Circle 4 on the TSP Request Card.
NPO-16583

Imagine...a Self-Calibrating
Pressure Transducer.

~

7

Reality . . .

pressure scanning systems.

Advertising in
this section
works hard for
you—but it’s
easy to arrange.

Simply call
(212) 490-3999.
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per input).

While there is no “Self-Calibrating” pressure transducer, this
ideal can be closely approached through the use of Scanivalve®

Scanivalves® time-share a single high quality pressure transducer
with up to 64 unknown pressures, and are configured to
AUTOMATICALLY CALIBRATE the transducer on every data
scan. Complete Scanivalve® systems are capable of scanning
as many as 768 inputs (either pressure or electrical) at rates as
high as 120 points per second. All Scanivalves® are easily
interfaced to host computers via either RS-232C or |IEEE-488.
Scanivalves® offer outstanding reliability; many Scanivalve®
systems have been in continuous operation for over 20 years
without failure. This remarkable performance is accompanied
by high accuracy (0.06% full scale), and low cost (approx. $50.00

For applications that require high data acquisition rates,
Scanivalve also manufactures electronic pressure scanning
systems capable of acquiring data at 50,000 points per second.

Scanivalve Gorp._..:*

10222 San Diego Mission Road/PO Box 20005
San Diego, California USA 92120/(619) 283-5851/Telex 695023
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Ultrasonic Inspection Near Small Bores

A portable, lightweight instrument finds small

cracks near internal surfaces.

Marshall Space Flight Center, Alabama

A portable ultrasonic probe makes it
possible to inspect for hidden cracks
near the insides of narrow tubes. Using
the pulse-echo technique, the instrument
can detect cracks as small as 0.015-in.
(0.38-mm) deep. It can be used for non-
destructive inspection of other hard-to-
reach places where conventional large
transducers will not fit or where it is dif-
ficult to apply coupling liquid for contact
ultrasonic testing.

The probe is connected to convention-
al ultrasonic inspection equipment
through a flexible tube. The probe and
tube are inserted in the part to be in-
spected (see figure). At its tip, the probe
holds an ultrasonic transducer —a
piezoelectric crystal in a stainless-steel
case. The case centers the crystal in the
part to be inspected and dispenses
acoustic coupling liquid from orifices. A
damping material isolates the transducer
acoustically from the probe tube. The
probe tip and the damping material are
made of Emerson and Cuming resin
2057 (or equivalent) cured with Catalyst

9 (or equivalent).

The probe tube, made of polytetrafluo-
roethylene or a similar material, can
bend around corners in the part. It car-
ries coupling liquid from the probe han-
dle to the transducer and serves as a
conduit for electrical wires between the
transducer and the external ultrasonic
equipment. Coupling liquid is supplied
through a port in the handle from a sy-
ringe or from a pressurized line. The
diameter of the transducer is tailored to
the size of tube under inspection.

After inserting the probe in the part,
the test operator pushes the syringe
plunger on the handle to inject the coupl-
ing liquid. The operator then slowly
withdraws the probe while rotating it,
thereby ultrasonically scanning the in-
side wall over the length of the tube.

This work was done by Ronald G.
Parent of Rockwell International Corp.
for Marshall Space Flight Center. No
further documentation is available.
MFS-29024

Tube

2
Fitting
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|

The Ultrasonic Probe Inspects the bore of a tubelike fitting. The ultrasonic instrument
makes it unnecessary to disassemble the fitting to check for cracks. A precise orienta-
tion of the transducer with respect to the part is not necessary for detecting cracks.
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Capture the Glory!

Now you can own
this collector’s print,
commemorating
Columbia’s exploits,
at an exceptional
introductory price.

Noted aviation artist Ken Kotik has
captured Columbia in all its glory to
commemorate the completion of four
test flights and the first operational
mission, STS-5. This fine print—truly
a collector's item—depicts the orbiter
in full color, side view, with every
feature crisply detailed.

Arranged beneath the ship, also
in full color, are the five distinctive
mission patches. But what makes
Ken Kotik’s work most unique is his
method of creating a ‘historical
panorama’ via individual vignettes
surrounding the side view
of Columbia.

Educational as well as eye-appeal-

ing, these scenes, which are expertly
rendered in a wash technique,
include such subijects as the orbiter
under construction at Rockwell, on
the launch pad, at touch-down and
during transit on its 747 carrier.
Concise copy, hand-written by the
artist, accompanies each vignette.
(Important: The greatly reduced print
reproduced here is intended only to
show style—at the full 32" by 24"
size, all copy is clearly readable.)

About the artist.

Ken Kotik, a 37-year old Colorado

native, has been a professional com-
mercial artist for the past 14 years. In
his own words, he “eats, drinks and

sleeps flying.” It shows in the obvious

care and attention he brings to each
print or mural. When not at his draw-
ing board creating artworks for such
prestigious institutions as the Air
Force Academy, Ken can be found
at the controls of his Schweitzer
sailplane, in which he competes
nationally. A self-taught artist, he
specializes in airbrush-applied acrylic
techniques. Space Shuttle Columbia:
The Pathfinder is his first work on the
space program, and the original art
has been accepted by the Smith-
sonian Air and Space Museum for
its permanent collection.

About the artwork.

Space Shuttle Columbia: The Path-
finder was printed in five colors, after
individual press proving, on exhibit-
quality 80 Ib text ‘Hopper Feltweave'
textured paper. The feltweave texture
yields properties most desirable for
framing and display.

About ordering.

Each Columbia print comes packed
in a sturdy mailing tube and will be
shipped upon receipt of your order
at the introductory price of $9.95.
Please allow two to three weeks for
delivery. There is a one-time first
class postage and handling charge
of $2.50 for each order. (If you order

Actual Size: 327

wide by 24”

high -
9h-In ful colory

three prints, for example, you still
include only $2.50 for postage and
handling to cover the entire order.)
To ensure that you receive your
prints without delay, fill out and mail
the coupon today, including check
or money order only and local tax
where applicable. If coupon has
been clipped, mail your order to:
NASA Tech Briefs, Columbia Print
Offer, 41 E. 42nd St., New York,
N.Y. 10017.

o]
If not completely satisfied, return undamaged print,

in wrapper, within 10 days for a full refund of |
print purchase price.

I_ Mail to: NASA Tech Briefs : ; j
Columbia Print Offer ~ Please rush Columbia prints. |
41 East 42nd St
it e IR haye enclosed $ plus $250 |
for first class postage and handling.
" Total enclosed: $ |
\-
=) = Nam |
- ‘7 - e
P I
s Address |
City State Zip |
Note: One print $9.95; two New York State residents add 7% sales t
321 2.95; threé%%ﬁ%; egglgo Ne‘fv York City residents add 8 75£a;a!%a:ax I
additional $7.95, plus $2. O Please add my name to your mailing list
postage and handiing for future print offerings. SS-1 l
per order. _]



Beta Backscatter Measures the Hardness of Rubber

Specimens can be thinner than those used
on conventional mechanical testers.

Lyndon B. Johnson Space
Center, Houston, Texas

A nondestructive testing method
determines the hardness, on the Shore
scale, of room-temperature-vulcanizing
silicone rubber. The method measures
backscattered beta particles; the back-
scattered radiation count is directly pro-
portional to the Shore hardness.

Ordinarily, a durometer is used to
measure the Shore hardness of a re-
silient material. However, reliable duro-
meter measurements can be made only
when the specimen is at least 0.25in. (6.4
mm) thick. The backscatter technique
can be used on specimens as thin as 0.02
in. (0.5 mm). For example, it might be
used to test the postcure hardness of thin
silicone rubber gaskets and seals.

The backscatter-measuring system in-
cludes a thallium-204 beta-particle emit-
ter, a Geiger-Miiller tube, a test stand,
and a computer for data processing and
control. The emitter is housed in a platen

and is encased, with the tube, in the up- TESTING SYSTEM WITH SAMPLE IN PLACE
per part of the test stand (see figure). The Hardness Test Setup consists of a commercial beta-backscattering system. The back-
When the test stand is placed on the rub- scattering technique is usually used to measure the thicknesses and compositions of coat-

ings on the basis of chemical properties. Here, it is used to measure hardness.

ber specimen, its weight makes the rub-
ber bulge into the slot in the apex of the
platen. The amount of bulging increases
as the hardness of the rubber decreases.

Beta particles from the thallium iso-
tope pass through the slot and bombard
the specimen. The Geiger-Mduller tube de-
tects the radiation scattered back from
the specimen. The more the specimen
bulges, the more it directs the backscat-
tering away from the Geiger-Miller tube
and the fewer the radiation counts re-
corded. Conversely, the greater the hard-
ness, the greater the radiation count. The
relationship between the hardness and
the Geiger-Miiller count rate is nearly
linear except at very low rates.

The test set is calibrated with a spe-
cimen, the Shore hardness of which is
known from a mechanical durometer
test. Then a specimen of unknown hard-
ness is tested, and its radiation count is
recorded. The count is compared with
that for the known sample to find the
Shore hardness of the unknown.

This work was done by Edward T.
Morrissey and Frank N. Roje of Rockwell
International Corp. for Johnson Space
Center. For further information, Circle 78
on the TSP Request Card.

BETA-BACKSCATTERING HEAD

MSC-20991 (Turned Upside Down for Visibility)
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The Inland Motor Team Philosophy: Enhance While
Simplifying—Specify Direct-Drive.

Inland Motor is the original manu-
facturer of direct-drive, frameless,
DC torque motors. Although we've
been providing these high-perfor-
mance motion control solutions for
more than 30 years, many designers
don't fully realize the principles
behind these motors—or their
remarkable potential.

All Parts Dedicated To Motion

As illustrated in Figure 1, a direct-
drive, frameless motor has no hous-
ing, no shaft and no bearings. It’s
comprised of three major compo-
nents: stator, rotor and brush-ring
(or sensor assembly for brushless
motors). A frameless motor becomes
an integral part of the host machine
and relies upon the existing bearing
structure for its support. Often, the
unusual geometry—and extraordi-
nary performance—of a frameless
motor is the only solution to a chal-
lenging motion control problem.

Direct-drive motors eliminate the
unwanted backlash, cogging and
compliance associated with the gears,
belts and couplings used in non-direct
systems. This direct attachment of the
frameless motor allows the designer
to apply torque precisely where it is
needed in the mecha-

portional to the gear
ratio while inertia is
reflected as the
square of the gear
ratio. One clear
advantage of direct-
drive motors is a
torque-to-inertia
ratio better by a fac-
tor equal to the gear
ratio under
consideration.

Designed To Be
Predictable

Our DC torque motors are
designed to be predictable. (See Fig-
ure 2.) We go to great lengths to pre-
serve linearity over the full range of
operation. From the lowest excitation
through peak level,

be measured by conventional stan-
dards such as horsepower. Rather,
the primary figures of comparison
for torque motors are peak torque,
motor constant and physical size. The
following criteria are the basis on
which our engineers can quickly
define a motor suitable for your
requirements.

Maximum Torque —sum of all
torque seen by the motor; encom-
passes acceleration torque, friction,
windage and viscous losses.
Maximum Speed.

Maximum Power Point —where the
highest product of torque and simul-
taneous speed occur.

Duty Cycle.

Power Budget —available DC voltage
and current.

output torque is direct-
ly linear with respect
to current load. Thus,
stability and response
criteria do not change
with respect to load.
Plus, frameless DC
motors grant economy
of space. We use the
finest magnetic mate-
rials when designing
our motors, which
allows us to pack a
great deal of “muscle”
into a very small pack-

age. Furthermore, since the motor
rests on existing bearings and shaft,
redundant parts are eliminated.

Figure 1 shows that frameless
motors have a hole through their
center. For many customers, this
space is crucial for cable runs, wave-
guides or optics. Frameless motors
free up the center axis so it can be
used for other purposes.

Selection of a Direct-Drive Motor

nism, rather than at ] Direct-drive motors often
lsozarzoen Camblal - T Roted Opigézeaasrtfe§ESSMSe

Direct-drive P /Vohoge ly control positon or
motors have very Operation angular rate. For
high torque-to-inertia this reason,
ratios at the load —where these
it really counts. The ratio unique
indicates how responsive motors
the system will be to com- cannot
mands for rapid stops and 0 )
starts. In a geared system, NL
the reflected torque is pro- Speed

Figure 2

Circle Reader Action No. 423

Ambient Temperature.

Operating Environment.

Size Restrictions —allowed O.D., L.D.
and axial length.

Send Us Your Most Un-Controllable
Problems

Inland Motor Specialty Products
Group: a team of people committed
to delivering solutions to your most
challenging motion control problems.
Let us show you how responsive our
direct-drive motors—and our
organization—can be.

INLAND MOTOR @

KOLLMORGEN CORPORATION

SPECIALTY PRODUCTS GROUP
501 First St. Radford, VA 24141
703/639-9045 TWX: 710-875-3740




Omnivector Probe Measures Airflow

The probe outputs are direct measures of
perpendicular velocity components.

Lewis Research Center, Cleveland, Ohio

A probe (called an omnivector ane-
mometer) has been designed and tested
that has a fixed-position sensing element
capable of simultaneously measuring
steady and unsteady velocity head and
flow direction of a moving fluid over a
complete 360-degree angle in two-
dimensional flow.

One of the problems in experimental
fluid mechanics is the difficulty of provid-
ing flow probes capable of operating over
a wide range of flow direction, including
flow reversals. In some situations (such
as stall and surge of jet-engine compres-
sors), changes in flow direction take
place very rapidly. These problems have
been overcome with the development of
this new omnivector anemometer.

The sensing element of the omnivector
anemometer (as shown in Figure 1) is
mounted on the end of a support tube,
which is necessary for inserting the sens-
ing element into the flow field. The main
element of the anemometer is a drag
body consisting of a cylindrical tube upon
which are mounted eight miniature strain
gages near the base and electrically con-
nected in the form of two four-arm
Wheatstone bridges (see cross section
A-A). The strain gages, which form the
arms of the two bridges, are arranged
around the tube so as to provide the X
and Y components of the drag force due
to the moving fluid. The square root of the
sum of the squares of the output of the
bridges (E4 and E,) is proportional to the
velocity head (one half times the fluid
density times the square of the fluid ve-
locity), and the ratio of the two outputs
(E,/E,) is the tangent of the flow angle, ©,
(see Figure 2). If the variation in fluid den-
sity is negligible, the fluid velocity may be
obtained from the computed value of the
velocity head.

The natural frequency of the probe
tested (sensing element length of 500 mm,
wall thickness of 0.1 mm, and with a
1.5-mm-thick end cap) was 1.5 kHz, so
the probe can be used for unsteady
measurements to about 0.5 kHz.

This work was done by L. N. Krause
and G. C. Fralick of Lewis Research
Center. No further documentation is
available.

LEW-13830
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Support
12.5-mm Diameter

Strain Gage

<

Two of Eight ‘

Strain Gages at )
Base of Beam

Shield (Partially
Cut Away)
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CROSS SECTION A-A

Bridge 2
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Figure 1. The Omnivector Anemometer includes a cylindrical sensing element with eight
strain gages. The gages, connected in two Wheatstone bridges, sense the two perpendic-
ular components of flow across the cylinder.

| 1ov2 = K,]E"’, + e% ;

E
© = arctan —g
Eq

Figure 2. The Anemometer-Bridge Outputs are nearly sinusoidal functions of the flow
angle. The outputs are therefore combined in the usual trigonometric fashion to obtain
the magnitude and direction of the flow.
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Improved Technique for Finding Vibration Parameters

Filtering and sample manipulation reduce noise effects.
e S T R TR D T TR R e e T e e s R TP T T i ey e e e S N S e P et

Lyndon B. Johnson Space Center, Houston, Texas

An analysis technique improves the
extraction of vibrational frequencies and
damping rates from measurements of the
vibrations of a complicated structure. The
technigue is based on a statistical meth-
od for analyzing vibrational data but is
less susceptible than an earlier version is
to errors induced by noise and by the
presence of multiple modes.

The structural vibrations are measured
by accelerometers, the outputs of which
are digitized at a frequency high enough
to cover all the modes of interest. The
mathematically-reconstructed vibrational
acceleration, Z, is expressed as a sum of
N damped, sinusoidal vibrational modes,
namely:

N
() =27 (xy)exp (— By + iwp)t
n=1

where t is time, x and y represent spatial
coordinates, and 7, f,, and wy, repre-
sent the acceleration amplitude, damping
coefficient, and frequency, respectively,
of the nth mode. The coherence function,
2, gives a measure of how closely the
reconstructed and measured accelera-
tions differ, and is expressed by

S(Z-z2p

32
where Z is the measured acceleration
and the sum is taken over all the digitized
measurements obtained during the sam-
pling interval.

To eliminate aliased data from vibra-

tional responses above the Nyquist fre-
quency, the mode shapes are compared

r=1

" Tl -
RS

Amplitude,
Arbitrary Units
R o

&
o

Reconstructed
Response

Simulated Accelerometer Measurements at a point on a structure (in this case, the
Space Shuttle) were taken after an excitation at 6.25 Hz. The measurements are noisy,
but the vibrational response reconstructed from the measurements shows little noise.

to predicted ones with natural frequen-
cies below the maximum frequency of in-
terest; those with low correlations are
discarded. Next, pools of damping rate/
vibration frequency pairs having nearly
equal values (thus representing the same
mode) are formed. The pairs with the
highest ™2, mode-shape correlations, and
modal confidence factors are selected
for the final acceptance test.

The candidate modal components that
have survived to this point are subjected
to a computation of the increment of
multiple coherence that occurs when
each previously unaccepted component
is combined with the previously accepted
ones. The one that yields the highest in-
crement is accepted. This procedure is
repeated until the subsequent incre-
ments of the coherence value decrease
to less than 1 percent of the previous
coherence value or until all the candidate
modes are accepted.

The measurement data often contain
noise (see figure) and multiple simultan-
eous modes. While this usually poses no

serious obstacle to finding the modal fre-
quencies, it often leads to significant er-
rors in the modal damping rates; which is
unacceptable, because accurate damping
rates are necessary for the prediction
of flutter in large, complicated struc-
tures.

Of the various ways of processing
the measurements to reduce the ef-
fects of noise, the ones that work best
include digital low- or band-pass filter-
ing, the manipulation of modal starting
times, the selection of sample sizes,
and combinations of these. Use of the
improved method on a set of vibrational
measurements from the Space Shuttle,
for example, raised the level of coher-
ence from previous values below 50
percent to values between 90 and 99
percent.

This work was done by Lowell V. An-
drew and Charles C. Park of Rockwell
International Corp. for Johnson Space
Center. For further information, Circle
85 on the TSP Request Card.
MSC-20901

Synchronously Deployable Truss Structures

The structure is lightweight, readily
deployed, and has reliable joints.

Langley Research Center, Hampton, Virginia

Deployable beam structures are re-
quired for many applications aboard
the proposed space station as well as
for uses in other artificial satellites.
These structures must pack efficiently
for launch into orbit and must deploy
reliably upon command. A new truss
concept, designated as the “pac truss,”

86

has been developed to rectify many of
the shortcomings of previous designs,
including the need for a complex
deploying mechanism.

As shown in the figure, the truss
beam has four longeron members lo-
cated at the corners of the rectangular
cross section. A series of battens and

diagonals connects the longerons to-
gether at joints or nodes. The cross
section is maintained by a section
diagonal, and the orientations of the
section diagonals alternate 90° from
node to node. All members connect at
nodes in such a way that only two node
types are required.

NASA Tech Briefs, July/August 1986



For deployment, each diagonal has
a midlength hinge that opens the mem-
ber, permitting the diagonals and bat-
tens to rotate about simple clevis-type
hinges at the nodes. The deployment of
all members occurs in a synchronous
manner; therefore, the beam deploys
simultaneously in length and width.
During deployment, the diagonal opens
to the fully extended straight position,
and the midlength hinge is locked by a
latch, thus locking the model in the ful-
ly deployed position.

Truss-beam deployment can be ac-
complished by a number of methods.
Since deployment is synchronous, an
astronaut can deploy a long truss
beam or large platform simply by hand
deployment of a single bay. Also, struc-
tures of this type could be deployed in
free flight by the controlled release of
stored energy in torsional springs at
selected hinges located throughout the
structure. The same double-folding
technique used in the beam model is
applicable to flat planar trusses, allow-
ing structures of large expanse to be
folded into compact packages and to
be deployed for space-platform ap-
plications. The unique folding arrange-
ment of the members also permits the
preattachment of instrumentation and
utility cables to the longeron members
without degradation of packaging or
deployment.

This work was done by Marvin D.
Rhodes of Langley Research Center
and John M. Hedgepeth of Astro

Detecting Foreign Particles in Wind Tunnels

The “Pac Truss” Features Easy Deployment without the need for complex mechanisms.

Research Corp. No further documenta-
tion is available.

Inquires concerning rights for the
commercial use of this invention

A simple scratch test tells whether particles, which could
distort results, were present in a test.

Lyndon B. Johnson Space Center, Houston, Texas

A polished metal surface is used to
detect abrasive foreign particles in an
airflow test chamber such as a wind
tunnel. Scratches and dents from such
particles are readily apparent on the
metal surface. Because it is imprac-
tical, if not impossible, to filter out all
foreign particles, at least the detector
can be used to provide evidence of
particles in cases in which they are
suspected of distorting the experimen-
tal results.

The detector was developed for
tests of the abrasion resistance of flexi-
ble insulation blankets. When blankets
partially disintegrated in wind-tunnel
NASA Tech Briefs, July/August 1986

tests, there was no way of knowing
whether the damage was caused only
by the fast airflows or was also in-
fluenced by entrained particles. Now,
when a detector indicates that par-
ticles were present in a test, the results
can be interpreted accordingly.

The insulation specimen to be tested
is mounted in a frame made of a light-
weight silica insulating material (see
figure). The frame protects the edges of
the specimen. The frame contains holes
for the detectors. Each detector consists
of a plug of the same material as that of
the frame, covered by a layer of Inconel”
(or equivalent) nickel-alloy foil 0.001 in.

should be addressed to the Patent
Counsel, Langley Research Center
[see page 29]. Refer to LAR-13490.

(0.025 mm) thick. ]
The materials in the detector plug can = =

ther abrasive particles are present. r ; -
(*Inconel is a registered trademark of the ,_g. ‘
Inco family of companies.) Sl

This work was done by Howard L.
Sharp, Peter A. Hogenson, and Wendall =
D. Emde of Rockwell International
Corp. for Johnson Space Center. For
further information, Circle 81 on the
TSP Request Card. :
MSC-20850
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BEFORE WIND-TUNNEL TEST AFTER WIND-TUNNEL TEST

Small Pits and Scratches on a metal foil indicate that abrasive particles struck the surface during a wind-tunnel test.

Monitoring Temperatures Indirectly in Cooled Combustors
Temperature measurements are taken on the outside walls.

Marshall Space Flight Center, Alabama

A proposed noninvasive monitoring of Fuel
the temperatures on the inner surface of Nt 100 e tiatmuaesipin. Injectors
the combustion liner of a cooled com- )
bustor could help increase liner life,
thereby increasing combustor reliability
and performance. This technique could Inner Wall
be used in furnaces, reactors, jet en- (Combustion
gines, rocket engines, stationary tur-
bines, combustors, and heat exchang-
ers.

Typically, the coolant flows more or Outer 2 Cootant
less parallel to the long axes of the in- Wall ' Manifold
dividual channels (see figure), with i
very little lateral mixing.

The heating of the combustion liner
is typically nonuniform, with overheat- Rib
ed streaks (selectively hot and heat-
damaged areas) developing lengthwise Gootiit Elow
on the linear surface. These streaks in in Passages
turn cause increased heating of the
coolant along the corresponding chan- g
nel, selectively reducing the cooling {4 e — 1 ?I “I s

b
I

Overheated
Streaks

action of the fluid downstream of this
location. This in turn causes the T
longitudinal section of the liner to -
overheat still further. The Growth of Internal Overheating Streaks could be monitored using the output from

The problem is particularly acute an array of thermocouples on the outside wall of the combustor. Computer analysis of
when the coolant is a gas, because, as this output would indicate the temperature pattern on the combustor lining.
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its temperature is significantly in-
creased, its density and hence its
mass flow rate is significantly de-
creased. Eventually the streaks may be
the sites of fatigue, cracking, splitting,
and ultimately the loss of coolant
through the wall. If unchecked, such
damage could lead to overall failure.
To locate and monitor these devel-
oping overheating streaks, an array of
wire-type thermocouples would be placed
at various points along the length and
the circumference of the outside wall
of the combustor and insulated to pre-
vent heat loss to the environment.
Because this technigue is noninvasive,

a large number of thermocouples can
be used. The outer wall would be
heated indirectly by heat transferred
from the combustion lining via the cool-
ing fluid; the temperature pattern in the
outer wall would correspond to the pat-
tern in the liner, being modified and
displaced in a predictable manner by
the coolant flow.

The output of the thermocouple ar-
ray would be passed to a computer,
which would use the appropriate heat-
transfer theory to infer a temperature
profile of the combustor lining. This
output could be presented in any for-
mat, including a graphical display with

colors and could be continuously re-
corded.

The use of these data would enable
timely liner maintenance or overhaul. It
could also guide adjustments; for ex-
ample, by changing the sizes of the
coolant orifices or passages or by
changing the fuel-injection mixture
ratio in the combustion chamber to
retard or prevent the growth of heating
streaks.

This work was done by W. R. Wagner
of Rockwell International Corp. for Mar-
shall Space Flight Center. No further
documentation is available.

MFS-29061

Measurement of Dynamic Bolt-Stress

Modification of a static technique gives
a complete stress cycle history.

Marshall Space Flight Center, Alabama

An ultrasonic method provides a rec-
ord of the changing stresses in dynami-
cally loaded bolts; for example, those in
vibrating machines, ground vehicles, and
aircraft. The method makes available the
history of stress cycles, from which the
fatigue state and remaining bolt life can
be inferred.

Unlike the strain gauges bonded with
epoxy to bolt shanks, the ultrasonic sen-
sors are not extremely delicate and are

not easily damaged when bolts are re-
moved after testing. The ultrasonic
method therefore eliminates laborious
and time-consuming replacement of
damaged strain gauges. Moreover, it
gives true stress measurements rather
than the torque or strain measurements.

The new method employs a modified
static ultrasonic bolt extensometer. The
ultrasonic transducer mounted on a bolt
is modified so that it transmits and

receives ultrasound pulses at much
higher repetition rates. The high data
sampling rate yields high-frequency
dynamic stress measurements.

This work was done by Sarkis
Barkhoundarian of Rockwell Interna-
tional Corp. for Marshall Space Flight
Center. No further documentation is
available.

MFS-29058

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.

Determining Chaotic
Instabilities in Mechanical
Systems

Theoretical developments
may enable the suppression
of chaotic structural
motions.

A report discusses the theory of
chaotic instabilities in mechanical sys-
tems having many degrees of freedom.

NASA Tech Briefs, July/August 1986

Chaotic motions occur in systems
characterized by nonlinearities. These in-
clude bilinear springs, unilateral con-
straints, two-bar linkages, systems with
multiple equilibrium states (for example,
buckling columns or shells), aeroelastic
systems, and structures with feedback
control devices. A fully developed theory
may enable the prediction, avoidance,
and suppression of chaotic vibrations in
structures, especially those using dy-
namic feedback stabilization.

In recent years, researchers have be-
come increasingly aware of the dif-
ference between classical and chaotic
instabilities. In a classical instability, a
small perturbation grows exponentially
toward an infinite amplitude. In a chaotic
instability, random or aperiodic finite mo-
tions are apparently generated by a
deterministic system without any random
input, and the subsequent trajectories
are supersensitive to small changes in
the initial conditions.

The classical equations of motion of a
system with N degrees of freedom are
expressed as the parametrical equations
of the trajectory of a point in the cor-
responding N-dimensional space. (This
point represents the instantaneous con-
figuration of the system.) The tangent and
normals to the trajectory are then calcu-
lated. Assuming that the undisturbed tra-
jectory is known, one can also solve, in
principle, the equations for the growth of
an infinitesimal initial perturbation in the
trajectory. If the perturbation begins to
grow exponentially, the motion is chaotic.

It must be emphasized that the chaotic
nature of a mathematically predicted mo-
tion is the result of inadequacies in the
mathematical model. All of the functions
on which mechanical theory has been
based are assumed to be differentiable
as many times as necessary for mathe-
matical convenience. However, the
assumption of differentiability is not
always physically realistic and is not re-
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quired by the principles of mechanics nor
by the definition of continuity. The be-
haviors of real systems are not always
describable by smooth functions. The
prediction of chaotic motion is the mathe-
matical penalty for the unjustifiable
assumption of smoothness.

Current efforts are directed toward in-
cluding nondifferentiable functions in
system descriptions so that predicted
motions that formerly seemed chaotic
become deterministic. The essence of
this approach is the search for a noniner-
tial reference frame that oscillates or
moves with a nonsmooth transport
velocity. The fluctuating components of
velocity (for example, turbulence in a
fluid) are expressed in the moving refer-
ence frame.

The solution of the equations of motion
requires the calculation of a feedback
function. The Lagrange equations of mo-
tion for the fluctuating velocity com-
ponents are coupled with the feedback
differential equations. The solution gives
a deterministic description of the motion
that formerly seemed chaotic. In the new
formulation, the motion is both repeat-
able and predictable: Small changes in
the initial conditions lead to small
changes in both the mean and fluctuation
velocities.

This work was done by Michail A. Zak
of Caltech for NASA’s Jet Propulsion
Laboratory. To obtain a copy of the
report, “‘Chaotic Instability in Mechanical
Systems, " Circle 15 on the TSP Request
Card.

... NPO-16709

' Multishaker Modal
Testing

Abstracts summarize time-
and frequency-domain
component-mode synthesis
- methods for damped

- systems.

The abstracts of six papers on vibra-
tion analysis and a summary of the con-
tributions and recommendations con-
~ tained in them are presented in a

~ 14-page report on multishaker modal

. testing. The collection includes four
- reports published by the Center for
~ Aeronautical Research, a paper ac-
- cepted for publication in the journal of
~ the American Institute for Aeronautics
and Astronautics, and a paper presented
- at the Fourth International Conference
~ on Applied Numerical Modeling.
The principal contributions and re-

ing:

1. A component-mode synthesis method
for systems with general viscous
damping has been developed. The in-
clusion of residual attachment modes
as well as freeibration modes in-
creases the convergence rate. Further
work to improve the efficiency of this
method is recommended.

2. Methods of component-mode syn-
thesis in the frequency domain have
been explored. It has been shown that
digital Fourier transforms can be used
to compute the transient response of a
coupled structure.

3. A robust, multi-input, multioutput
modal-parameter estimation algorithm
requiring little user interaction has been
developed for identifying frequencies,
damping values, and mode shapes of
systems with general viscous damping.
It applies to general linear, time-invari-
ant systems. It results in reduced sys-
tem matrices, which might be very use-
ful in such applications as the control of
flexible structures. Other applications
of the algorithm should be explored,
and the algorithm should be compared
with other modal-parameter estimation
algorithms, such as the Polyreference
algorithm.

This work was done by Roy R. Craig,
Jr., of the University of Texas for Mar-
shall Space Flight Center. Further infor-
mation may be found in NASA CR-178507
[N85-33544/NSP], “‘Multishaker Modal
Testing."

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra
fee by calling (800) 336-4700. The report is
also available on microfiche at no charge.
To obtain a microfiche copy, Circle 83 on
the TSP Request Card.

MFS-27132

Fatigue Criterion for
System Design

A report discusses
principles of structural-life
prediction.

A fundamental principle of good
design is to recognize that any struc-
ture can fail. The structure should be
so designed that its failure does not
cause personal injury or secondary
damage. Once a structure is designed
to fail in a benign manner, it then can
be designed for finite life so that the
overall size, weight, and cost can be
reduced and still meet the reliability re-
quirements of the application.

The design of machine elements is

based, for the most part, on yield
stresses and fatigue-limiting stresses.
In addition to the material properties of
components, proper consideration
must be given to the effects of notch-
es, surface condition, component size,
residual stress, temperature, duty cy-
cle, and such environmental factors as
corrosive or chemical exposure. For
most machine elements, individuals
and organizations usually develop
design methods based upon engineer-
ing fundamentals found in most
machine-design texts and upon factors
based upon their corporate experience
and test data. As a result, it is not too
unusual for different organizations or
individuals, starting with the same or
similar design requirements, to reach
dissimilar conclusicns or designs while
seemingly applying the same fun-
damental engineering principals to the
problem.

Setting aside the subjective,
creative aspects of design, there ap-
pears to be nonuniformity of data from
which numbers and design factors are
selected, as well as differences in the
computer codes and boundary condi-
tions used in the design process. To
compound these difficulties, the
fatigue data used to establish fatigue
limits are usually of a limited nature,
with the conditions under which the
data were obtained not adequately
defined or reported. Such items as
temperature, humidity, number of
specimens, specimen size and volume,
heat treatment, hardness, surface
finish, and life distribution are not
given.

The established fatigue limit for
much of the reported data is a mean
value. From a statistical viewpoint, the
median value is equal to or less than
the mean. This can be interpreted as
meaning that before a fatigue limit is
reached there is a probability that 50
percent of the specimens will have
failed; that is, even at the fatigue-limit
stress, life is finite. Experienced design
engineers have recognized this for
years, and they have added safety fac-
tors to their design procedures usually
based on experience. While these pro-
cedures are generally adequate, they
can result in overdesigned, oversized,
overweight, and overcost structures.

A generalized methodology has
been developed for structural life
prediction, design, and reliability,
based upon a fatigue criterion. The life-
prediction methodology is based in part
on work of W. Weibull, G. Lundberg, and
A. Paimgren. The approach incorporates
the computed life of elemental stress
volumes of a complex machine element
to predict system life. The results of
coupon fatigue testing are incorpor-
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ated into the analysis, allowing for life
prediction and component or structural
renewal rates, with reasonable sta-
tistical certainty.

This work was done by Erwin V.
Zeretsky of Lewis Research Center.
Further information may be found in
NASA TM-87017 [N85-27226/NSP],
"“Fatigue Criterion to System Design,
Life and Reliability. "’

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

LEW-14344

Scuffing and Lubrication
of Gears and Bearings

A new Reynolds equation is
developed for
elastohydrodynamic-
lubrication analysis.

Scuffing is a problem encountered in
gears and rolling-element bearings. In
rolling-element bearings, for example,
scuffing is found in the acceleration
zones of large, heavily loaded bearings.
For these circumstances, inertia effects
lead to high sliding speeds. Scuffing is
related to lubrication-film thickness
failures leading to metal-to-metal contact.
High surface stresses lead to rolling-
bearing fatigue, and high surface temper-
atures may cause local melting of the sur-
faces.

Because the surface temperature can
be calculated if the kinematic and sur-
face stresses are known, important para-
meters to control when one is studying
scuffing are the film thickness and the
surface stresses. These parameters can
be calculated by use of elastohydro-
dynamic lubrication (EHL) analysis.

A new method was developed to study
macro- and micro-EHL, without restric-
tion on the load applied to the contact.
Macro-EHL refers to the lubricant-film
thickness developed in the inlet zone of
the EHL conjuction. Micro-EHL may oc-
cur below the asperities and is due to the
squeeze or sliding-speed effects in the
bearing. Macro-EHL is first studied by use
of the classical Reynolds equation (linear
viscous-fluid model), and the results are
accurate for any applied loads. Under se-
vere conditions (large pressure and high
sliding speeds), the lubricant behavior
can no longer be considered to be linear-
ly viscous; a nonlinear viscosity model is
needed.

NASA Tech Briefs, July/August 1986

A new Reynolds equation takes into
account the nonlinear viscous behavior
of the fluid. The Reynolds equation and
the elasticity equations are solved
simultaneously by a system approach
and the Newton-Raphson technique. The
film thickness, pressure, and shear stress
can be obtained without load restrictions.
This new method therefore is a very
powerful tool that can be used to study
scuffing. Using this new approach, the re-
searchers have analyzed stress concen-
trations near both a bump and a groove in
a bearing surface.

This work was done by B. J. Hamrock
of Lewis Research Center and L. G.
Houpert of the National Research Coun-
cil. Further information may be found in
NASA TM-87097 [N85-34408/NSP],
“Elastohydrodynamic Lubrication Calcu-
lations Used as a Tool to Study Scuffing.”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra
fee by calling (800) 336-4700.
LEW-14364.

WHAT CORROSIVE ENVIIIONMENTS
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AN IVADIZER comn'c. STOPS COLD.

The Ivadizer aluminum coating process,
developed to protect critical parts of military
aircraft, will plate complex metal parts of any
size with a dense, adherent, protective alumi-
num coating of uniform thickness. It does
so economically and without pollution

problems.

With the Ivadizer process, ionized alumi-
num vapor bombards the part formmg a
tough, protective shield providing “sacri-
ficial” corrosion resistance. A one mil coat-
ing protects steel for more than 7,500 hours
in a neutral salt spray environment. In addi-
tion, there are no embrittlement problems,
and the coatmg can be used at temperatures

to 925°F.
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Liquid Scavenger for Separator/Pump

Aerodynamic drag impels condensate

along a groove to an exit hole.

Lyndon B. Johnson Space Center, Houston, Texas

A pump for hydrogen has been modified
to remove moisture that condenses in the
impeller stage. The moisture is returned to
the centrifugal separator stage for removal
from the system.

Normally, the separator removes water
droplets from an incoming mixture of hy-
drogen gas, water droplets, and water
vapor. In the unmodified pump, however,
additional condensation sometimes oc-
curs in the impeller stage.

The moisture-removal problemis solved
by adding a shallow circumferential groove
and a small exit hole to the impeller cham-
ber (see figure). As the impeller wheel ro-
tates, the condensate is forced toward the
outer wall of the chamber, where it collects
in the groove. Aerodynamic drag impels the
water around the groove toward an exit hole
located at the high-pressure region of the
chamber. The condensate and a small por-
tion of the gas flow through the exit hole into

e

Gas Gas
Inlet Outlet

/ Liquid
Returned to
Separator

Liquid
Flow
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Liquid-Collection
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The Modified Impeller-Pump Housing has a circumferential groove that leads to an exit
hole near the high-pressure outlet. As the impeller disk (not shown) rotates, it flings
water droplets that have condensed in the pump toward the groove. Aerodynamic drag
drives the water around the groove to the exit hole.
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a tube that leads back to the separator
stage inlet, which is the point of lowest
pressure in the system.

Depending on the impeller tip speed and
pressure, droplets as small as 10 um may
be removed. Since the droplets are formed
by condensation, the final drop size
depends on the pump compression ratio.
The higher the ratio, the larger the droplets,

and the more water will be removed.

The moisture-removal modification may
reduce the effectiveness of pumping,
especially with such low-molecular-weight
gases as hydrogen. To minimize the loss of
pumping pressure, the groove must be as
shallow as possible and the exit hole as
small as possible consistent with adequate
moisture removal. Alternatively, moisture

removal could be achieved by using an aux-
iliary dryer downstream. In deciding which
method to use in a given application, the
pressure losses for the two methods should
be compared.

This work was done by Paul F. Berg of
United Technologies Corp. for Johnson
Space Center. No further documenta-
tion is available. MSC-20632

Centrally-Rupturing Squib-Closure Disks

The rupture-disk design makes
squib action more predictable.

NASA's Jet Propulsion Laboratory,

Pasadena, California

A proposed squib rupture disk would
insure that the squib explosion is directed
toward the center of a combustion
chamber. This can obviate the use of
oversize squib units that can cause
undesirably large impluses.

Conventional squibs are fabricated
with round, stainless-steel rupture disks,
attached to the squib bodies by electron-
beam welding (see Figure 1). Each disk
has uniform thickness, typically 5 mils
(0.13 mm). Because the weakest section
in the disk is somewhere in the weld,
pressure buildup in the squib invariably
causes the disk to fail somewhere along
the circumferential weld seam. Conse-
quently, the combustion material is pro-
pelled toward the side and hence along
the combustion-chamber wall.

It is not possible to predict how large
the initial opening will be and what
amount of the combustion material will
be thrown against the wall of the combus-
tion chamber downstream of the squib.
(The maximum pressure developed in the
combustion chamber varies randomly
from test to test.) In view of this unpredic-
tability, it has become the practice to use
oversized squib units.

In the new design (see Figure 2), the
center of the rupture disk contains a
cruciform indentation in which the
thickness is reduced to about 0.5 mil
(0.013 mm). This reduces the strength of
the center of the rupture disk in the same
manner as that of the pull tabs on bever-
age cans; therefore, the disk will fail
predictably in the center.

With this design, the expulsion of com-
bustion material is expected to be
uniform and predictable, making it un-
necessary to use oversized squib units.
Moreover, the flow from the ruptured
squib will be directed advantageously
toward the center of the combustion
chamber.

This work was done by Robert Richter
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Figure 1. The Conventional Squib Rupture Disk fails where it is welded to the squib body,
causing an unpredictable flow of combustion products toward the walls of the combustion

chamber.
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Figure 2. In the Improved Squib, failure occurs predictably at the center of the rupture disk,
causing a predictable flow of combustion products toward the center of the combustion

chamber.

of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-

cle 16 on the TSP Request Card.
NPO-16707




Retractable Sun Shade

A mechanism unrolls a canopy
and rerolls it when shade
is no longer needed.

[
Frame-End
Lyndon B. Johnson Space Ao

Center, Houston, Texas

Rollers
(see Detail)

A blanket can be readily unfurled by a
mechanism to protect the space it en-
closes from the Sun. The blanket forms
an arched canopy over the space and al-
lows full access to it from below. When
shading is not needed, the retracted
mechanism stores the blanket compact-
ly. The mechanism was developed for
protecting sensitive Space Shuttle pay-
loads from direct sunlight while the
cargo-bay doors are open. It can be
adapted to the shading of greenhouses,
swimming pools, and boats.

To unfurl the blanket, rollers drive
cables at the end of a cylindrical frame
(see figure). As the frame rotates to the
right, it draws the blanket from a spring Drive
roller in the manner of a common window : Ao
shade. The driving cables hold the blan-
ket against the circular members at the
ends of the frame. Thus, as the blanket
unfurls it assumes the cylindrical shape Cable-Tension
of the frame. When the roller motion is Spring
reversed, the cables rotate the cylindrical
frame back to its storage position. At the
same time, the blanket is drawn by its
return spring back into the spring roller.

The drive roller can be powered man-
ually or by an electric motor. It can be
stopped at any point, if desired, to provide
partial shade instead of full shade. (In the
nearly zero gravity of space, the unfurled
blanket does not sag on the frame; on
Earth, however, additional radial support
may be needed.)

This work was done by Arthur Frank,
Silvio F. DeRespinis, and John
Mockovciak, Jr., of Grumman Aerospace
Corp. for Johnson Space Center. For
further information, Circle 29 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-20162.

Cable
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Circular
Frame-End
Member

Cylindrical
Frame (Fully)
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Cylindrical
Frame
(Partially
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Spring
Roller

DETAIL OF ROLLERS

A Window-Shade Type Spring Roller contains a blanket, which is taken up by a rotating
cylindrical frame and held by the frame over the area to be shaded. The blanket is made of a

tough, opaque polyimide material.
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Direction-Sensitive Latch

A mechanism eliminates clearance and applies
a positive load to a latched member.

Lyndon B. Johnson Space Center, Houston, Texas

A latching mechanism eliminates
clearance between itself and a latched
member. It is simpler and lighter than
previous direction-sensitive latches (also
called “vector-sensitive latches™). Like
the previous latches, it responds to the
direction of forces in determining whe-
ther members should be accepted, held
in position, or released. However, unlike
the previous latches, it eliminates the
need for an auxiliary latch to press the
mechanism against the latched member
for retention. The new mechanism is well
suited to operation by automatic control
or by a remotely controlled manipulator.

A roller at an apex of the triangular

main link of the mechanism contacts a
beveled edge on the member to be latch-
ed (see figure). With no force applied, the
roller and the member remain in this rela-
tionship. However, a force applied to the
roller in a direction approximately toward
the primary member overcomes the fric-
tional force on the latch slider pin, which
then slides in a slot in the latch housing.
The latch collapses, allowing the secon-
dary member to pass the roller and con-
tact the primary member. The roller then
returns to its original position, where it1at-
ches the secondary member in place.
There is now a small clearance be-
tween the roller and the latched secon-

dary member. The clearance is necesary
to allow for dimensional variations in the
parts due to manufacturing tolerances
and thermal expansion or contraction.
However, the clearance must be elimi-
nated after latching so that the latched
members are held tightly together. Ac-
cordingly, the actuator is designed to ex-
ert a force on the yoke, rotating the yoke
counterclockwise about the yoke pivot
point. This pushes the roller against the
secondary member with a force perpen-
dicular to the beveled edge. The clear-
ance is thus taken up, and a retaining
force is applied to the latched secondary
member.

Yoke/Free-Link  Free
Pivot Point Link

Return Spring

STAGE 3: LATCHED, WITH CLEARANCE

Secondary
Member

Actuator

STAGE 1: UNLATCHED

Clearance

Force
Exerted by
Actuator

STAGE 4: LATCHED, CLEARANCE REMOVED

Yoke
Pivot
Point

STAGE 2: LATCHING

Force

The Stages of the Latching Process begin with the application of a downward force to the secondary member, causing it to displace the
roller. After the secondary member has passed the roller and joined the primary member, the actuator removes the clearance between the

roller and the secondary member.
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The secondary member can be un-
latched in either of two ways. The actua-
tor can be used to move the yoke and
free link to the open-latch position, or the
secondary member can be tilted. Beyond
a certain tilt angle, the forces are
redirected so that the roller no longer re-
tains the secondary member.

Several variations of the latch mechan-
ism are possible. For example, the latch
housing can be a separate part, or it can

be an integral part of one of the mem-
bers. The slot that controls the movement
of the main link can be machined in the
housing or in the main link. The yoke can
be moved by a hydraulic actuator or by a
spring, gear motor, or other means. The
yoke can be replaced by any other part
that rotates about the yoke pivot point
and causes movement of the free-link
connecting point for clearance removal.

This work was done by William R.

Acres of Johnson Space Center. For
further information, Circle 73 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 de-
velopment should be addressed to the
Patent Counsel, Johnson Space Center
[see page 29]. Refer to MSC-20910.

Mobile Remote Manipulator

A turret, roll arm, and trolley

enhance manipulator dexterity.

Lyndon B. Johnson Space Center, Houston, Texas

A mobile remote manipulator has
seven degrees of freedom. Designed for
handling, inspecting, and maintaining the
modules of a space station, the manipula-
tor can extend the end effector to points
on, around, and under the space-station
structure. Manipulators having such cap-
abilities may be useful on Earth; for exam-
ple, as robots in manufacturing, for the
erection of large structures, or for
performing complicated tasks in hazar-
dous locations.

The manipulator moves on a vehicle
that provides one-degree-of-freedom
movement (translation) along the struc-
ture and two degrees of freedom by a
rotating turret top (yaw) and an arm (roll).
A jointed manipulator arm attached to the
roll-axis arm provides additional degrees
of freedom.

This work was done by Stanis Coryell
and Roy E. Olsen of Grumman Aero-
space Corp. for Johnson Space Center.
For further information, Circle 72 on the
TSP Request Card.

MSC-21051

The Remote Manipulator Moves on a
Trolley base along a structure. The roll-axis
arm positions the manipulator arm so that
it can extend the end effector under the
structure. The yaw-axis rotation gives add-
ed reach to the arm above the structure.
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Lightweight Motorized Valve

A redesigned actuator assembly weighs

50 percent less than before.

Lyndon B. Johnson Space Center, Houston, Texas

An isolator valve is operated by an ac
motor instead of the usual dc solenoid. The
valve weighs only 3 Ib (1.4 kg) — half the
weight of a dc-operated valve. In addition,
the new valve functions with either two-
phase or three-phase power.

The new valve seals against fluid move-
ment in both the forward and reverse direc-
tions. Developed for isolating fluids in the
propellant tanks, manifolds, and intercon-
necting lines of the Space Shuttle reaction
control and orbital maneuvering subsys-
tems, the valve is well suited to applications
in which leakage must be kept to a minimum
at high pressure differences — in petroleum
and chemical processing, for example.

The ac motor, gear train, sector gear, and
torsion bar operate a finger that opens and
closes a ball valve (see figure). The finger ex-
tends through a bellows to the ball. The bel-
lows are filled with a material that damps
pressure differences across it. The torsion
bar ensures that the ball is held open or
closed against its stops with a spring force
greater than the potential reverse forces of
the fluid and, therefore, is not moved sub-
stantially by the fiuid. Shock absorbers stop
the gear train at the designated limits of
travel so that the impacts on gears and
bearings remain within safe limits. The
shock absorbers also prevent the sector
gear from bouncing excessively when it
reaches its limits of travel.

The ball valve rotates about an axis slightly
displaced from its geometrical center. It
therefore clears the seals rapidly, causing
less seal wear than it would if rotated about
the center. The inner seal prevents forward
flow, and the outer seal prevents reverse
flow. Each seal contains a flat spiral spring
that provides a sealing pressure of 200 Ib/in.2

Shock
Absorber

'i;
-

Reverse _

L
/\-,. .

Torsion
Bar

Bellows

Finger

Ball

Valve Outer

Relief Valve
With Poppet

A Motor Drives a Gear Train, thereby turning a finger that opens or closes a ball valve. The
motor-and-gear actuator assembly can be removed and replaced without removing the

ball valve or otherwise invading the unit.

(1.4 MN/m2).

The valve contains a relief valve that au-
tomatically releases heat-induced pressure
from the outlet to the inlet port. This is a
spring-loaded poppet containing a soft
springdoaded seal.

This work was done by Rudy Gonzalez of
Rockwell International Corp. and J. M.

Vandewalle of Parker-Hannifin Corp. for =5
Johnson Space Center. For further infor-

mation, Circle 3 on the TSP Request Card.
MSC-20848

Heat Pipes Reduce Engine-Exhaust Emissions

Increased fuel vaporization raises engine efficiency.

Lewis Research Center, Cleveland, Ohio

Heat-pipe technology has increased
the efficiency of heat transfer beyond that
obtained by metallic conduction. Heat
pipes have been used in a variety of ways
to move large quantities of heat at high
transfer rates. NASA research has exa-
mined heat-pipe application in turbine-en-
NASA Tech Briefs, July/August 1986

gine exhaust systems. New techniques
have been developed to address three
problem areas that generate exhaust
emissions in existing gas-turbine engines.
These problems are low combustion effi-
ciency at idle (caused by poor fuel vapori-
zation), high NO, emissions (caused by

. f
high-flame-temperature combustion at =

takeoff condition), and minimal primary-

zone combustor life in rich-burn combus-

tion (in ground power applications).
Heat-pipe technology was applied to

each of these problem areas with the

following results: The low efficiency at idle
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Figure 1. Heat From the Primary Combustion Zone of a can-type combustor is transferred by a heat pipe to the fuel and combustion air to in-

crease fuel vaporization.

power was addressed by using heat pipes
to warm the combustor inlet air and fuel,
thus increasing fuel vaporization. The in-
creased fuel vaporization and resulting
combustion increased engine efficiency,
thus reducing exhaust emissions of un-
burned hydrocarbons and carbon monox-
ide.
Figure 1 shows this technique being ap-
_ plied to the primary zone of a can-type
- combustor. Note that heat pipe heats only
. the fuel and primary-zone combustion air.
Unheated air is available for cooling the
- primary-zone walls and the rest of the
- combustor can. Note also that most
. primary-zone heat removal occurs at the
~ rear or high-temperature region. This is the
. same region where NO, formation is most
~ prevalent at the takeoff-power condition.
- Therefore NO, at takeoff is reduced by
- heat removal in this area.
) Figure 2 shows the use of heat pipes to
increase liner durability in a fuel-rich
primary-zone combustion environment, as
~ is found in the combustion of nitrogenous
~ fuels for the control of NO, emissions. In
this application, heat pipes are used to
form the walls of the combustor. The heat
~ pipes in this application have the additional
- benefit of providing increased fuel
~ vaporization as the fuel again is used as a
- heat sink. The combustion of No. 4 and
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Figure 2. Heat Pipes Form the Wall of this combustor. As in Figure 1, the heat pipes transfer
some of the combustion heat to fuel to increase its vaporization.

No. 6 heating oils can benefit from this in-
creased fuel vaporization.

From this work it is apparent that heat-
pipe technology can result in both im-
proved engine operation and reduction in
fuel consumption. Raw-material conserva-
tion through the reduced dependence on
strategic materials will also benefit from
this type of heat-pipe technology. Future
applications will result in improved engine
performance and a cleaner environment.

This work was done by Donald F.
Schultz of Lewis Research Center. No
further documentation is available.

This invention has been patented by
NASA [U.S. Patent No. 4,429,537]. In-
quiries concerning nonexclusive or exclu-
sive license for its commercial develop-
ment should be addressed to the Patent
Counsel, Lewis Research Center, [see
page 29]. Refer to LEW-12590.
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Since the dawn of the Space
Age, Ford Aerospace & Com-
munications Corporation has forged
beyond the limits of our knowledge
of the universe...developing the
ground and space communications
concepts and techniques that are
today’s standards.

We were the pioneers in the
EX PAN D development of gtellitcs —
YOUR E CE>RII>ZO NS Uit
A S w x AN producer of bot
TH E L I M I TS We've also been privileged
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space programs from the first Gemini
mission through the Space Shuttles.

Today, Ford Aerospace
continues to further expand
technology and knowledge into the
2lst century, as we perform
advanced research and development
of communications and control
systems required by the most
sophisticated projects of the Space
Age.

At our Space Information
Systems Operation in College Park,

communications

and meteorological satellites.

Maryland, we support the engineer-
ing and operations efforts at
NASA's Goddard Space Hight
Center. We're involved in the
engineering, operation and
maintenance of NASA's Opera-
tional Communications Network
(NASCOM), with the Operational
Control Center for the Hubbell
Space Telescope and advanced
design and technology studies for
the development of the Space
Station Information System.

If you'd like to become involv-
ed with these exciting Space Age
projects, are ready to expand your
career horizons, and have a
Bachelor’s or advanced degree in
Engineering, Computer Science, or
other hard sciences or equivalent
experience, consider a career with
Ford Aerospace. We offer an ideal
location midway between Baltimore,
Maryland and Washington, D.C.,
plus an excellent salary and benefits
package. For consideration, send
your resume with salary history in
confidence to: James L. Furilla,
Recruiting & Placement, 4920
Niagara Road, Suite #7, College
Park, MD 20740.

Ford Aerospace & Communications Corporation
Space Information Systems Operation

U.S. Citizenship Required/Equal Opportunity Employer
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New Alloy for Glass-to-Metal Seals

The coefficient of thermal expansion
approximates that of glass more closely.

Lyndon B. Johnson Space Center, Houston, Texas

A new alloy has a coefficient of ther-
mal expansion of only 1.9 x 10-6(°F)~1
[3.4 x 10—8(°C)~']. Because the coeffi-
cient is close to that of KG-33 (or equi-
valent) glass, the alloy can be used in
glass-to-metal seals without introducing
excessive residual stresses. In addition,
the alloy has potential for other applica-
tions in which low thermal expansion is
important; for example, mechanical
measuring devices and precise sliding
parts that must function over wide tem-
perature ranges.

The alloy is composed of about 60 per-
cent iron, 40 percent nickel, and traces of
six other elements. It was developed as a
replacement for Kovar (or equivalent)
Fe/Ni/Co alloy in a ferrule-and-tube
assembly (see figure). The new alloy has
about the same strength, solderability,
and compatibility with fuel as does Kovar
(or equivalent).

Previously, the ferrule was bonded to a
glass preform by soldering and heating
the glass until it flowed plastically. After
cooling, the assembly had a high residual
stress because of the difference in ther-
mal expansion between the metal and the
glass. Many assemblies failed because of
broken glass during manufacturing,
testing, shipping, and even storage.

Changing to the new alloy reduced the re-
sidual stress in the glass from 4,500 Ib/ in. 2
(31 MN/m?) to 1,300 Ib/in2 (9 MN/m2). The
new value is well below the allowable
maximum of 2,000 Ib/in.2 (14 MN/m?). The
new alloy forms a hermetic seal with
glass at a much lower temperature than
does Kovar. Changes in the shapes of the
parts reduced the glass stress even fur-
ther.
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The Low-Expansion Alloy is used for the ferrule of a ferrule-to-tube joint in a fuel sensor.

This work was done by Adolph J.
Schmuck of McDonnell Douglas Corp. for
Johnson Space Center. No further

documentation is available.
MSC-21023

Torque-Summing Brushless Motor

Torgue channels function cooperatively but
are electrically independent for reliability.

Lyndon B. Johnson Space Center, Houston, Texas

A brushless, electronically-com-
mutated dc motor sums the electromag-
~ netic torgues on four channels and ap-

- plies them to a single shaft. The motor

~ can operate with any combination of

100

channels and can continue to function if
one or more of the channels should fail
electrically. The motor employs a single
stator and rotor and so is mechanically
simple; however, each of the channels is

electrically isolated from the other so that
the failure of one does not adversely af-
fect the others.

The motor consists of a samarium/co-
balt permanent-magnet rotor and a stator

NASA Tech Briefs, July/August 1986
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Sets of Windings Occupy Separate Quadrants in a four-channel motor. No two windings share a common slot in the stator. Thus if one
winding burns out, it does not harm other windings.

with four sets of windings, each in a sepa-
rate quadrant electrically isolated from
the others (see figure). Each set of wind-
ings is wired for three phases. Electrical
isolation is achieved by use of
consequent-pole, full-pitch windings, in
which the number of stator slots is an in-
tegral multiple of the total number of
poles times the number of phases per
quadrant. The total number of poles is

four times the number of poles per quad-
rant. A 16-pole, 48-slot motor was de-
signed, built, and tested to demonstrate
the concept.

The four-channel motor offers impor-
tant advantages over other ways of sum-
ming torques on a shaft. Four motors ona
common shaft, for example, would be
costly, large, and heavy and might be sub-
ject to critical-speed problems. A single

motor with four parallel windings would
not have critical-speed problems and
would be lighter, but would not isolate the
channels electrically, since the windings
would be in the same stator slots.

This work was done by Jayant G.
Vaidya of Sundstrand Advanced Technol-
ogy Group for Johnson Space Center.
For further information, Circle 55 on the
TSP Request Card. MSC-20986

Cleaning High-Voltage Equipment With Corncob Grit

The high electrical resistance of the particles makes a

power shutdown unnecessary.

Lyndon B. Johnson Space Center, Houston, Texas

A new, relatively inexpensive method
of cleaning high-voltage electrical equip-
ment makes use of a plentiful agricultural
product — corncob grit. The method re-
moves dirt and debris from transformers,
circuit breakers, and similar equipment.
The method is suitable for utilities, large
utility customers, and electrical-mainte-
nance services.

With conventional methods, it is nec-
essary to turn off the power in a sub-
station so that workers can clean high-
voltage devices by hand. Meanwhile, the
buildings and facilities connected to the
substation are without power. The use of

NASA Tech Briefs, July/August 1986

the new method, in contrast, makes it
possible to proceed with the equipment
energized.

The procedure is similar to sandblast-
ing. The corncob grit is fed from a hopper
into a 1-in. (2.54-cm) airhose, where air
from a compressor forces it through a
tapered nozzle onto the surfaces to be
cleaned. The abrasive action of the grit
quickly removes caked dirt. The high
electrical resistance of the grit prevents
high-voltage arcing and tracking; a com-
pressor capacity of 600 ft3min (0.28
m?3/s) is adequate.

The cost is moderate — about 10

cents per kilovolt-ampere of capacity

(1979 prices). For example, it has been

estimated that the costs of cleaning a

10%kVA power substation are the follow-

ing:

* $100 for 400 Ib (180 kg) of corncob grit;

*$110 for rental of a 600-ft3/min
(0.28-m°/s) air compressor; and

* $800 for 32 manhours of labor.

This work was done by C. E. Caveness
of Rockwell International Corp. for
Johnson Space Center. No further
documentation is available.

MSC-20180

101




Hydraulic-Leak Detector for Hidden Joints

Slow leakage of fluid is made obvious.

Lyndon B. Johnson Space Center, Houston, Texas

An indicator reveals leaks in hidden
fittings on hydraulic lines. It allows fast in-
spection of joints without disassembly. It
can be used in aerospace, petroleum,
chemical, nuclear, and other industries
where removing covers for inspection is
impossible, difficult, or time-consuming.

The indicator consists essentially of a
wick wrapped at one end around the joint
to be monitored. The wick absorbs
hydraulic fluid leaking from the joint and
transmits it to the opposite end, which is
located outside a cover plate and is
therefore visible to an inspector. Leakage
is thus manifested as a discoloration of
the outside end of the wick.

The wick is Kevlar (or equivalent)
aramid sleeving, a material that absorbs
and propagates hydraulic fluids. At the
end of the wick is a bulb filled with
fibrous insulation to make the fluid
more evident (see figure). The portion
of the wick leading to the bulb is sheath-
ed in heat-shrinkable tubing. The
sheathed part is shaped by holding it in
position while heat is applied; it retains its
new shape when it has cooled. The un-
sheathed portion of the wick is taped to
the joint to be monitored.

The indicator had been tested to dem-
onstrate its ability to serve as a leak
detector and to survive random vibration.
It is inexpensive, easily adapted to a

8 variety of fitting shapes, light in weight,

Heat-Shrinkable

Bulb

- -

Fiber-Filled

Two Leakage Indicators were wrapped on a fitting for tests in which oil was injected into a

polyimide bag surrounding the fitting.

and easy to install. On the Space Shulttle,
where about 2,000 hydraulic joints must
be checked for leakage, it has greatly
speeded postflight inspection.

This work was done by George E.
Anderson and Shu Loo of Rockwell Inter-
national Corp. for Johnson Space
Center. For further information, Circle 74

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 de-
velopment should be addressed to the
Patent Counsel, Johnson Space Center
[see page 29]. Refer to MSC-20783.

~ Measuring Continuous-Path Accuracies of Robots
_f;.}i Sensors yield data on deviation from a predetermined path and speed.

 Marshall Space Flight Center, Alabama

The accuracy and repeatability of
continuous-path robot motion can be
measured with a new test method. Until
now, robot performance has been speci-
fied on a point-to-point basis. Point-to-
point specifications, however, tend to be
inadequate in describing such con-
tinuous-path operations as welding, seal-
ing, and deburring.

The new method measures accuracy
and repeatability at various speeds and
loads within +0.001 in. (25 um). It deter-
mines the ability of a robot to maintain
tool orientation. It can be used with

S 102

almost any type of manipulator arm and
with a separate, coordinated part posi-
tioner.

The robot end effector is directed to
trace the contour of a path plate without
contacting it (see figure). The end effector
is fitted with a tool containing eddy-
current sensors, which determine the
separation of the tool or sensors from the
path plate.

The robot is programmed to maintain a
0.045-in. (1.14-mm) separation between a
sensor and the path plate, and the sen-
sors are calibrated to produce zero out-

put at that separation. A deviation from
the programmed displacement appears
as a negative or positive voltage at the
sensor output terminals. An analog-to-
digital converter transforms the sensor
outputs (which can vary from -5 to
+ 5 V) todigital form and feeds them to a
portable computer for processing and
storage.

The sensors are arranged in pairs on
two perpendicular plates. They can thus
measure the deviation in two perpen-
dicular planes. The tool orientation can
be determined from the outputs of the

NASA Tech Briefs, July/August 1986
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Noncontacting Eddy-Current Sensors measure the distance from a tool to an aluminum path plate as a robot end effector moves the tool at a
prescribed distance from the plate. Flat, sloped, curved, and other shapes can be used for the path plate.

two sensors on a given plate; any tenden-
cy for the tool to rotate appears as a dif-
ference in the two sensor outputs cor-
responding to the given rotation axis.
Path plates in a variety of shapes can
be used. Triangular or circular-segment
plates, in addition to the flat horizontal
plate in the figure, can test a robot for its

response to a variety of contours.

So that the tool speed can be meas-
ured, the aluminum path plate contains
notches of a different material at precise
intervals. The notches produce pulses in
sensor output as a sensor passes over
them. A deviation in the time between
pulses represents a variation in speed.

Cleaning of Liquid N,O,

This technigue is useful in reducing

the clogging of fluid lines.

Lyndon B. Johnson Space Center, Houston, Texas

A technique developed for cleaning of
liquid N,O, may be adaptable to the
cleaning of a variety of industrial fluids, in-
cluding fuels. Performance studies on the
Space Shuttle vernier thrustor showed
that the ratio of N,O, oxidizer to fuel
decreased during operation because of
the deposition of metal (primarily iron)
nitrates in the N,O, line. This deposition
occurred around the pressure-drop-trim
orifice located between the vaive outlet

NASA Tech Briefs, July/August 1986

and the final injector-tube entrance. The
iron nitrates presumably arose from the
reaction of N,O, with moisture and with
iron from the mild-steel shipping con-
tainers. The precipitation of the nitrates
apparently was a consequence of the
pressure drop—such pressure drops
were previously known to be among the
factors causing the precipitation of
nitrates from propellants saturated or
supersaturated with iron.

This work was done by Timothy A.
Allison and Gregory A. Arnold of Rockwell
International Corp. for Marshall Space
Flight Center. For further information,
Circle 45 on the TSP Request Card.
MFS-29121

The process for reducing metal nitrate
concentration in liquid N,O, is shown
schematically in the figure. After being
cooled to less than 40 °F (4 °C) in a heat
exchanger, the liquid N,O, is agitated =
through a hydraulic pump. The resulting
precipitated nitrates are then removed by
a very fine membrane filter. This process
used in filling the facility storage tank, is
repeated several times by the recircula-
tion of the stored N,O, to remove as
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much of the nitrates as possible.

This system typically lowers the iron
content in liquid N,O, from as high as 5.0
parts per million to about 2.0 or fewer
parts per million.

This work was done by Gerald R.
Pfeifer of The Marquardt Co. for Johnson

Center. For further information,
Circle 97 on the TSP Request Card.
MSC-20989

Metal Nitrate Impurities are precipitated
from N.O. by cooling the N;O. in a heat ex-
changer and then passing it through a
hydraulic pump. The precipitate is then
removed by a fine membrane filter.

Two-Arm-Manipulator Controller

The controller provides 7 degrees
of freedom in each arm.

Lyndon B. Johnson Space Center, Houston, Texas

Handgrip
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Adjustable
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Section
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Shoulder
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OPERATOR AT CONTROL STATION

Figure 1. Two Arm Mechanisms of the controller are moved by the operator’s arms and hands. The remote manipulator, located
elsewhere, responds to the operator’s arm and hand movements. Adjustable shoulder straps, a waist belt, and leg straps hold the
harness securely on the wearer. The mechanisms and harness allow the operator to reach almost normally at a control station.
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Figure 2. The Control Motions have the ranges indicated by the arcs and by the extreme mechanism positions.

A proposed shoulder harness would
allow the wearer to control simultan-
eously and independently two remote
manipulator arms and their end effec-
tors. Each manipulator arm would have
7 degrees of freedom.

The harness would support manipu-
lator-arm control mechanisms that are
strapped to the operator’'s arms (see
Figures 1 and 2). Each mechanism would
include a wrist with 3 degrees of free-
dom, an elbow with 1 degree of free-
dom, and a shoulder with 3 degrees of
freedom.

The wrist assembly would include a
forearm roll ring that fits around the
operator's wrist. A handgrip would

NASA Tech Briefs, July/August 1986

transmit the operator's hand move-
ments to the end effector. The forearm
section may also be strapped to the
operator near the elbow. The forearm
and upper-arm sections would be ad-
justable in length to suit individual
operators. The harness assembly
would consist of a shoulder/neck yoke
segment and a lower torso attachment
with straps to fix the shoulder points
relative to the operator.

This work was done by Stanis
Coryell and Roy E. Oisen of Grumman
Aerospace Corp. for Johnson Space
Center. No further documentation is
available.

MSC-21049

* Free Publicity

¢ Improved Public
Relations

* Increased Sales

—All three are possible if we can
describe how your company has
used NASA technology to develop
and improve its products.

For more information, call:
Linda Watts
(301) 621-0241

NASA Spinoffs
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Toxic-Waste Disposal by Combustion

in Containers

Chemical wastes would be burned with minimal
\Ihandling in their storage containers.

A proposed technique for disposing of
chemical munitions by burning them in-
side their shells might be applied to the
disposal of toxic materials stored in
drums. This fast, economical procedure
would overcome the heat-transfer limita-
tions of conventional furnace designs by
providing direct contact of oxygen-rich
combustion gases with the toxic agent.
There would be no need to handle the
waste material, and the container would
also be decontaminated in the process.

When an oxygen-rich oxygen/acetylene
torch is inserted into the empty burster
well of a chemical-agent shell (see figure),
its side jets will cut the thin metal wall of
the burster well. As the torch cuts
through the metal, the liquid agent is ex-
posed to the hot, excess-oxygen flame,
which causes extremely rapid vaporiza-
tion and combustion of the agent inside
the shell.

As the torch moves down, it cuts more
off the wall to expose more of the agent to
the excess oxygen, thus ensuring com-
plete combustion of the agent. It is envi-
sioned that the reaction will be complete
when the temperature of the outside sur-
face of the shell reaches approximately
1,000 °F (540 °C), as indicated by a prepo-
sitioned thermocouple.

The side jets that make the initial cut in-
to the burster well also serve as the equiv-
alent of an afterburner, since they present
a flame front through which the combus-
tion products must pass before they can
leave the shell. A relatively small exhaust
scrubber can be used, since oxygen
rather than air supports the combustion,
resulting in a volume reduction by a fac-
tor of approximately 5.

There are many possible variations of
the in-shell combustion theme: The va-
porization, combustion, or afterburning
steps could involve acetylene/air, oxygen/
hydrogen, methanef/air, plasma, or laser
(pyrolysis), while burster-well breaching
could involve oxygen/hydrogen or plasma
torches, electric discharges, lasers, or
mechanical dies.

It is estimated that the agent within a
round can be completely burned out in a
few minutes. An obvious advantage is

that the agent is contained within the mu-

NASA's Jet Propulsion Laboratory, Pasadena, California
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5 / Hydrogen/Oxygen Torch

Combustion
Products to
Scrubber
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Side Jets

Main Jet

Toxic
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Thermocouple

sk

An Oxygen-Rich Torch Flame cuts the
burster well and then causes the vaporiza-
tion and combustion of the toxic agent
contained in the shell.

nition or other container until the moment
of destruction.

This work was done by John
Houseman, James B. Stephens, Philip I.
Moynihan, Leslie E. Compton, and John J.
Kalvinskas of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-

mation, Circle 6 on the TSP Request
Card.
NPO-16710
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Toxic-Waste Disposal by Drain-in-Furnace Technique

The compact furnace could be moved from site to site.

NASA's Jet Propulsion Laboratory, Pasadena, California

Toxic industrial wastes could be de-
stroyed using a furnace concept devel-
oped for the disposal of toxic munitions.
In this procedure, the toxic waste would
be drained into the furnace where it
would be incinerated immediately.

In the case of chemical munitions, first
the burster well would be breached with a
perforating mandrel, then temporarily re-
sealed with a low-melting-point wax plug.
Then the munition would be inverted in
the furnace (see figure), and the gas fires
ignited. The hot combustion gases would
melt the wax plug, allowing the agent to
drain quickly from the munition. The re-
maining thin liquid film of the agent would
be vaporized quickly when the tempera-
ture of the shell wall reaches its boiling
point.

As the liquid agent flows from the in-
verted munition onto the lower bed of hot
ceramic balls, it would be spread into a
thin film of large surface area. Here it
would be ignited by hot combustion air
and gases rising through the ceramic
balls from the natural-gas burner. The re-
sulting flames and hot combustion gases
would pass directly upward over the mu-
rition, thus causing its own combustion to
heat it directly. Eleven percent of the heat
of combustion of the 6 Ib (2.7 kg) of agent
VX in a typical 100-Ib (45.4-kg) round
would suffice to raise the temperature of
the shell to 1,000 °F (538 °C).

Immediately above the main furnace
would be an afterburner, which would in-
corporate hot ceramic balls, possibly
coated with a combustion catalyst, to de-
stroy any remaining agent by providing
additional residence time at high temper-
ature. Combustion would be continued
until the exhaust-gas sampler no longer
detects any traces of agent and the shell-
wall temperature has reached 1,000 °F
(538°C). The gas flame would then be
turned off and the shell transfer fixtures
removed from the chamber.

The small combustion chamber would
have fireproof doors at its entry and exit
side. Between combustions, the muni-
tions set in transfer fixtures would be
moved into and out of the chamber by a
guideway of powered rollers. Roller
guideways are simple and reliable and
would not present any sealing problems
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In the Furnace the toxic agent is rapidly drained and destroyed in the small combustion
chamber between upper and lower layers of hot ceramic balls.

in the air locks.

It is estimated that an overall cycle
time of 20 min can easily be achieved. A
total of ninety 155-mm rounds per batch
could be processed in a combustion fur-
nace/afterburner combination 3 ft wide by
8 ft high by 24 ft long (0.9 m wide by 2.4 m
high by 7.3 m long). Such a furnace could
be mounted on a 10- by 40-ft (3- by 12-m)
trailer that could be moved from site to

site, as could the deburstering and scrub-
bing equipment.

This work was done by Leslie E.
Compton, James B. Stephens, Philip I.
Moynihan, John Houseman, and John J.
Kalvinskas of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 38 on the TSP Request
Card.

NPO-16579
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Nozzle Extension for Safety Air Gun

A conical airstream at the end of the extension
protects the operator from blowback.

Langley Research Center, Hampton, Virginia

Safety air guns are used for the
removal of chips from machined parts
during the machining process to pre-
vent unnecessary heat and wear on
cutting tools and to improve the quality
of parts. On a numerically controlled
machine, an extended nozzle is re-
quired on the air gun to remove chips
without putting the operator danger-
ously close to the rotating spindle and
cutting tool. Previous modifications to
extend the nozzles of the commercially
available safety air guns in use at
Langley Research Center were con-
sidered unsafe because the modifica-
tions failed to provide back-pressure
relief and a conical airstream to pre-
vent chips from being blown back at
the operator.

A new nozzle-extension design over-
comes these problems and incorpor-
ates the original commercial nozzle,
thereby retaining its intrinsic safety
features. The components include an
extension tube, the length of which can
be made to suit the application; the
adaptor fitting (which, in place of the
safety nozzle, is pinned and sealed into
the air gun); and the nozzle adaptor, in-
to which the safety nozzle is repinned
to maintain the original safety features.
The extension tube is threaded and

Extension

Air-Gun Tube
Fitting

silicone rubber.

Notes: 1. All parts are made of 6061 aluminum.
2. All connections except those of the
nozzle-to-nozzle adaptor are sealed
with room-temperature-vulcanizing

Extension Tube Cut
to Desired Length

3/8-24 UNF

The Nozzle Extension helps to blow machine chips away from the operator.

sealed into the adaptor fitting at one
end and into the nozzle adaptor at the
other end, as shown in the figure.
This design moves the conical air-
stream to the end of the extension to
blow machine chips away from the op-
erator. This nozzle-extension modifica-
tion allows the safe and efficient opera-

tion of machine tools while maintaining
the integrity of the original safety-air-
gun design.

This work was done by Henry N.
Zumbrun and Delwin R. Croom, Jr., of
Langley Research Center. No further
documentation is available.
LAR-13366

"j 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.

~ Coal-Based Fuel-Cell
- Powerplants

~ Alternative plant designs

~ are evaluated.

A report assesses advanced technol-
ogy design alternatives for integrated
coal-gasifier/fuel-cell powerplants.
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Various gasifier, cleanup, and fuel-cell op-
tions are evaluated, in part by assess-
ment of the technical assumptions used
in the design studies and the status of
development of proposed technology
alternatives. The evaluation includes ad-
justments to the assumed performances
and costs of proposed technologies
where required. The analysis identifies
uncertainties remaining in the designs
and the most promising alternatives and
the research and development required
to develop these technologies.

The bulk of the report is a summary
and detailed analysis of six major
conceptual designs and variations of
each. All designs are for a plant that uses
lllinois No. 6 coal and produces 675 MW
of net power. These plant designs are
compared to a reference design that in-
cludes an oxygen-blown gasifier, a sol-
vent process for gas cleanup, and a
molten-carbonate fuel cell. Power is pro-

duced in the expansion turbines, the fuel-
cell modules, and a conventional steam
cycle. The system efficiency of this
design is 48.7 percent.

Of the alternative plant designs, two
apparently would generate the electricity
cheaper than the reference design would
provide. When the entrained-bed gasifier
and the low-temperature gas-cleanup
system of the reference are replaced by
a fluidized-bed gasifier and a hot gas-
cleanup system, respectively, the unit
cost of electricity is reduced by 4 percent.

The most promising design includes a
fluidized-bed gasifier, zinc/ferrite high-
temperature gas cleanup, and a pres-
surized solid-oxide fuel cell. Coal is fed
with air and steam to the gasifier. The
gasifier effluent is cooled to generate
steam, then sent to the gas-cleanup unit.
The clean gas is expanded and fed to the
fuel cell along with preheated and com-
pressed air.
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The fuel-cell exhaust gases are com-
bined in an afterburner that preheats the
incoming air. A turbocompressor com-
presses the fuel-cell and gasifier air and
generates power. Turbine exhaust is
cooled in steam generators and an econ-
omizer before being released to the at-
mosphere. The steam is used in the
steam cycle to produce power.

A plant built according to this design
would produce electricity at a unit cost of
91 percent of that of the reference sys-
tem. A unigue feature of this design is the
choice of low fuel use in the fuel cell and
the ability to use gas turbines at high inlet
temperatures.

This work was done by Joseph F.
Ferral, Alfred W. Pappano, and Charles
N. Jennings of Caltech for NASA’s Jet
Propulsion Laboratory. 7o obtain a
copy of the report, "‘Assessment of
Technology Alternatives for Coal-Based
Fuel Cell Power Plants,’’ Circle 24 on the
TSP Request Card.

NPO-16543

Lifetimes and Reliabilities
of Bevel-Gear Drive Trains

Statistical methods are used
to predict system lifetimes
from component lifetimes.

A NASA-Lewis report presents a life
and reliability model for bevel-gear drive
trains. Bevel-gear and support-bearing
lives are analyzed for each gear and
bearing in the drive train, with the results
statistically combined to produce a sys-
tem life for the entire drive train. A
numerical example is included.

Experimental testing programs are
normally used by industry to evaluate dif-
ferent gearbox designs. These programs
include real-time duty-cycle simulation
and overload tests. These tests provide
an important proof test for proposed de-
signs but are extremely costly in terms of
time and resources. Analytical life
models are needed in order that only op-
timal designs are actually tested.

A life and reliability model is presented
for bevel-gear drive trains, based on the
pitting-fatigue life of the components of
the system. The components include the
driving and driven bevel gears and the
support bearings. The drive train may
have a single input gear or dual input
gears of equal size. The gears may be
straddle mounted or supported in a bear-
ing quill. The loading on the gear train is
specified by the use of a mission spec-
trum consisting of loads and time-at-
loads.

The bearing fatigue life is determined
using the classical Lundberg-Palmgren
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theory. The Lundberg-Paimgren theory
has been adapted to predict the bevel-
gear life. Both the bearing and gear lives
follow the Weibull failure distribution. The
report shows how to use this information
to determine the system life of the drive
train, using the methods of probability
and statistics. The basic dynamic capaci-
ty, defined as the output torque that may
be applied for one million output rota-
tions with a 90-percent probability of sur-
vival, is also developed.

A numerical example is included in the
report. The life distributions for the com-
ponents are plotted. The system life is
plotted on Weibull coordinates and also
plotted against the load.

This work was done by D. G. Lewicki
and J. J. Cox of Lewis Research Center
and M. Savage and C. K. Brikmanis of
the University of Akron. Further informa-
tion may be found in NASA TM-87006
[N85-27227/NSP], “Life and Reliability
Modeling of Bevel Gear Reductions. "

Copies may be purchased [prepayment
required] from National Technical Infor-
mation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra
fee by calling (800) 336-4700.
LEW-14372

Interchangeable Tools for
Remote Manipulators

Remote manipulators could
handle a variety of
maintenance and assembly
jobs.

A report presents concepts and speci-
fications for a set of interchangeable end-
effector tools. The tools would be used on
a remotely operated manipulator to work
on satellites in orbit. Such tools, for
example, would make urgent repairs, do
routine maintenance, transfer fluids,
construct and assemble satellites, and
deploy and retract appendages. With
modifications, the tool concepts and
the systematic approach to tool design
should be applicable to such terrestrial
uses as industrial robots, manually op-
erated tools, and safety equipment.

The tool set covered in the report in-
cludes the following:

* Rotary power tools with attachments,

¢ A fluid-connector mating and demat-
ing tool,

* An explosive-shearing tool,

* An electrical-connector mating and
demating tool,

® A general-purpose grappler,

* A power spreader,

* An unpowered pry bar,

* A hole-punching and riveting tool, and

* Special grips and jaws.

The report examines the in-orbit main-
tenance needs of satellites planned for
launching from the mid-1986 through the
year 2000. It reviews criteria for selecting
members of a set of tools to meet these
needs. It describes the tools and tabu-
lates the various operations that each
can perform. It presents dimensions and
performance specifications for each and
explains how each would be operated
and controlled. Finally, the report dis-
cusses a concept for a tool-storage sys-
tem that would hold the tools securely
when they are not used but kept acces-
sible to the manipulator. Drawings at-
tached to the report illustrate the general
shapes and sizes of some of the concep-
tual tools.

This work was done by Joseph C. Cody
of SRS Technologies for Marshall Space
Flight Center. To obtain a copy of the
report, “Interchangeable End Effector
Tools Utilized on the PFMA — Task 1
Final Report,” Circle 76 on the TSP Re-
quest Card.

Inquiries concerning commercial use
of this invention should be addressed to
the Patent Counsel, Marshall Space
Flight Center [see page 29]. Refer to
MFS-27125.

Solar Thermal Rocket
Propulsion

Heating a propellant with
concentrated Sunlight is
considered.

A paper analyzes the potential of solar
thermal rockets as a means of propulsion |
for planetary spacecraft. A solar thermal
rocket uses concentrated Sunlight to heat
a working fluid, which is expelled through
a nozzle to produce thrust.

This paper presents an analysis of so-
lar thermal rocket mission performance
on the basis of transfer characteristics,
which describe any one of a number of
solar thermal thruster concepts. It con-
siders the thermal control of the liquid
hydrogen propellant (chosen because it
enables the maximum specific impulse),
the propellant-feeding system, and the
system mass. The report compares the
performance of solar thermal rocket pro-
pulsion with electric propulsion based on
arc-jet or ion engines for the completion
of missions to Saturn and Uranus. b

The paper finds that solar thermal pro-
pulsion can be useful in future missions of

planetary exploration. The performance

of solar thermal rocket propulsion can be
comparable to that of electric propulsion
when used with the Space Shuttle and a
Centaur G’ upper stage for injecting
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payloads into transfer trajectories. Both
electric and solar thermal propulsion
would shorten the travel time to Saturn
and Uranus considerably below that for
chemical propulsion.

The paper describes a solar thermal
propulsion concept based on solar col-
lectors that rotate to orient themselves
toward the Sun to enable the generation
of thrust in any direction. A planetary
spacecraft would be launched from the
Space Shuttle with the Centaur and solar
thermal stages. The Centaur would pro-
vide the initial acceleration and then
would separate. The solar thermal stage
would then deploy and operate for about a
month to place the spacecraft in its final
trajectory.

This work was done by Joel C. Sercel of
Caltech for NASA’s Jet Propulsion Lab-
oratory. To obtain a copy of the report,
“Solar Thermal Propulsion for Planetary
Spacecraft,” Circle 110 on the TSP Re-
quest Card.

NPO-16654

Studies of Pilot-Induced
Oscillation

The Total In-Flight Simulator
permits reliable evaluation of
landing characteristics of
aircraft with PIO.

Four types of flight simulators were
used to study a pilotinduced oscillation
(PIO) that had been observed during one
approach and landing test of the Space
Shuttle. In addition to describing the test re-
sults, a report discusses the simulation re-
quirements for investigating PIO charac-
teristics and includes an evaluation of the
relative merits of the simulators. These
observations should be of interest to those
studying landing characteristics of other
aircraft and to those designing pilot-
training programs.

The general conclusion is that in-flight
simulation is the only reliable method of
evaluating the landing characteristics of
aircraft with PIO tendencies; even then,
some form of artificial task needs to be in-
troduced to produce a pilot workload simi-
lar to that encountered in an actual landing.
However, the report also describes a
simpler fixed-base simulation of a tracking
task that correlates well with the landing
task and which can be used in the develop-
ment of control systems.

The Space Shuttle was simulated with a
fixed-base ground simulator, two moving-
base ground simulators, and an in-flight
simulator. The moving-base facilities were
the Flight Simulator for Advanced Aircraft
and the Vertical Motion Simulator, both at
Ames Research Center. The in-flight simu-
lation was performed on the Total In-Flight
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Simulator. Additional studies on the effect
of time delay were performed on the F-8
digital fly-by-wire airplane at Ames.

The report includes diagrams of the rat-
ing scales used by the pilots to describe
handling characteristics in general. The
distribution of pilot ratings under various
tests conditions is shown in a series of 18
bar graphs. For the F-8 studies, two graphs
show the pilot ratings as a function of time
delay over the range of 125 to 300 ms for
landings with high- or low-workload tasks
and for a tracking task (simulated tracking
for in-flight refueling). The tracking test re-
sults fall between the lines for the high-and
low-workload tasks.

The closed-loop response characteris-
tics in the tracking task are a function of the
pilot gain and lead compensation and of
the distance from the tracking aircraft to
the target. By adjusting the distance vari-
able and the time available for accomplish-
ing the task in the fixed-base simulation,
the closed loop PIO frequencies seen on
the simulator could be matched to those
observed in the Shuttle landing tests. This
provides a convenient way to reproduce
PIO conditions and makes it possible to
evaluate control-system changes with a
relatively simple simulation. It should be
noted, however, that this technique is use-
ful mainly for evaluating PIO characteris-
tics that have already been observed in
flight, inasmuch as the actual oscillation
frequencies are required for the simula-
tion. The report includes seven references
to previous work in the field.

This work was done by Bruce G. Powers
of Ames Research Center. Further infor-
mation may be found NASA TM-86034
[N84-20566/NSP], “Space Shuttle Pilot-
Induced-Oscillation Research Testing."”

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

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center [see page 29].
Refer to ARC-11601.

Properties of Combustion
Gases

New reports include graphs
to facilitate the use of
combustion data.

Computations have been made to de-
termine the equilibrium properties of the
gaseous products resulting from the com-

bustion of ASTM Jet A fuel and dry air and
natural-gas fuel and dry air. During com-
bustion reseach, it is important that the
properties of combustion gases be readily
available and in a form that is convenient
and useful to the designer and researcher.

In the past, the combustion-gas proper-
ties of gas-turbine fuels, as well as of a
variety of other hydrocarbon fuels, have
been computed and reported. These re-
ports have been used extensively at NASA
and throughout industry. The computa-
tional schemes that have been developed
over the years by Huff, Gordon, Zeleznik,
and McBride form the basis for these
reports and have been used to compute
combustion-gas properties for a wide
spectrum of fuel and oxidant combina-
tions. Often, however, the tables and
charts have not been prepared for specific
fuels. The data, for example, are in a
tabular form for hydrogen/carbon ratios of
1.7, 2.0, and 2.1 for a range of assigned
pressures, temperatures, and fuel/air mix-
tures.

In a new series of reports, the com-
puted data also include combustion ther-
modynamic properties for a range of in-
let-air temperatures, but these data are
plotted to facilitate their use. The result-
ing figures have proved to be extremely
useful in combustion research, and
copies of such figures have been pre-
pared for a wide variety of fuels. A new
series of figures and tables, which ex-
tend the applicable range of the para-
meters, has been published. The first
report of this series lists data from the
combustion of ASTM Jet A fuel and dry
air.

The second report presents tables
and figures for the combustion-gas
properties of natural-gas fuel and dry
air for pressures from 0.5 to 50 atm
(5% 104 to 5x 107 Pa), inlet-air tem-
peratures from 250 to 1150 K, and
equivalence ratios from 0 to 2. A com-
plete set of tables and figures is provid-
ed on four microfiche films supplied
with the report.

This work was done by Jerrold D.
Wear, Robert E. Jones, Arthur M. Trout,
and Bonnie J. McBride of Lewis Re-
search Center. Further information
may be found in:

NASA TP-2359 [N85-10064/NSP],

““Combustion Gas Properties |

-ASTM Jet A Fuel and Dry Air'’ and

NASA TP-2435 [N85-21168/NSP],

““Combustion Gas Properties Il

-Natural Gas Fuel and Dry Air.”

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

LEW-14275
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The Acquisition.
With sweep speeds from days to nanoseconds and
resolution up to 15 bits, the 4094 digital "scope can capture
the most elusive signals. Every plug-in has 16K of memory,
viewable trigger set-up and independent pre- or post-trigger
delay on each channel. Signal averaging is standard and our
latest 10 MHz/12-bit plug-in even
offers real time manipulation of
the incoming signals. With two
plug-ins the 4094 can record four
channels simultaneously. Or even
monitor two slow signals and capture high speed glitches
at the same time. All under computer control or via manual
operation: whatever your application demands.
The Analysis.

Expand and examine any waveform feature in detail. Use
the dual cursors and numerics to measure the time or voltage
of any point. Compare live or stored waveforms with each
other or with pre-recorded references. Store signals on disk
manually or automatically. Use pushbutton programs to
manipulate the data or send it to your computer via GPIB
or RS232 interface. Complete your report with a hardcopy
plot using the XY/YT recorder or digital plotter outputs.
First Time, Everytime.

Don’t miss important data because of set-up errors. From
the World's first in 1973 to the latest models, Nicolet ’scopes
are easy to use. Find out how they can be the quickest

solution to your signal problems. For more information call
608/273-5008, or write Nicolet Test Instruments Division,
P.0. Box 4288, 5225 Verona Road, Madison, WI 53711-0288.

= Nicolet
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Telescoping Space-Station Modules

The ““module-within-a-module’ design

doubles usable space.

Langley Research Center, Hampton, Virginia

Current plans regarding the construc-
tion of a permanently-manned orbiting
space station include the use of the
Space Shuttle to deliver modules to orbit.
These modules will provide living quar-
ters for the space-station crews and will
house experimental and fabrication
equipment. To minimize transportation
requirements, the space-station capabili-
ty delivered per Shuttle launch must be
maximized.

A new telescoping-space-station de-
sign for achieving this goal involves
essentially a module within a module.
After being carried to orbit within the
payload bay of the Space Shuttle orbiter,
the outer module would be telescopically
deployed to achieve nearly twice as much
usable space-station volume per Space
Shuttle launch as would be otherwise
achieved. Also, by retracting the outer
module over the inner module, signifi-
cantly enhanced protection against

space debris and radiation could be
achieved.

The basic module-within-a-module as-
semblage is shown in Figure 1. Two such
assemblages could fit easily within the
Space Shuttle orbiter payload bay with
additional volume and payload to spare.
There are two options regarding module
pressurization. One is to vent the entire
assemblage from ground to orbit and
then pressurize in orbit. The other is to
pressurize the inner module to 30 psia
(200 kN/m?) prior to launch and, through
expansion of the assemblage at the sta-
tion and equalization of the compartment
pressures, provide the standard 14.7 psia
(100 kN/m?) initial atmosphere.

Closed-loop or ‘‘race-track’ space-
station configurations (see Figure 2) are
possible with this concept and provide
additional benefits. One benefit involves
making one of the modules a double-
walled haven safe from debris, radiation,
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Figure 1. Before Deployment, the assembly is essentially a module within a module. After
deployment, the available space is approximately doubled.
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and the like. This module would be ac-
cessible from either end, and hence
readily available to all positions in the
space station.

The telescoping nature of the modules
lends the concept to variations in space-
station configuration, assembly, and dis-
assembly. Adaptations of the concept
could also provide flexibility in the
methods in which the Space Shuttle or-
biter is docked or berthed with the space
station and decrease the chances of
damage because of accidental contact
between the station and the orbiter dur-
ing these maneuvers.

This work was done by Robert D.
Witcofski of Langley Research Center.
For further information Circle 63 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 de-
velopment should be addressed to the
Patent Counsel, Langley Research Cen-
ter [see page 29]. Refer to LAR-13330.
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Figure 2. The “Race-Track” Configuration provides additional benefits, including an ac-

cessible safe haven.

Thermal-Stress-Free Fasteners for Orthotropic Materials

Two-dimensional analysis defines the
shapes of interfaces between materials.

Langley Research Center, Hampton, Virginia

A common method of attaching struc-
tural components in aerospace systems is
by riveting or bolting. If the rivet or bolt is
made from a material with a coefficient of
thermal expansion substantially different
from those of the components being at-
tached, then it is possible to encounter fair-
ly high thermal stresses (or, conversely, a
loose joint) if the temperature is increased
or decreased significantly. In the case of
metal components, this is generally not a
problem, because the rivet or bolt is made
from the same or a similar alloy. However,
with structures made from composite ma-
terials, it is difficult to fabricate fasteners
from the same material. Also, structural
metals are generally isotropic; that is, the
thermal-expansion coefficient is the same
in all directions. Composite materials, on
the other-hand, are often anisotropic.
Hence, when riveted composite materials
heat up or cool down, the rivets can come
loose or be subjected to high compressive
stresses. Even the state-of-the-art DAZE
conical fastener, which by its unique geom-
etry can successfully join isotropic materi-
als with dissimilar rivets, has found only
limited application with composites, be-
cause most composites are not isotropic.

A theoretical basis for the design of
thermal-stress-free fasteners has been de-
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Thermal-Stress-Free Joints can be made in a variety of configurations, depending upon

the thermal-expansion characteristics of the materials.




veloped. The analysis yields the equation
of a two-dimensional thermal-stress-free
interface between two materials with or-
thotropic coefficients of thermal expan-
sion. If both materials have coefficients of
thermal expansion that are isotropic in one
plane, the two-dimensional analysis can be
used to design thermal-stress-free fasten-
ers, made from one material, which are
used to join pieces of the other material.
The two materials remain in contact as the
temperature increases, forming a tight
joint without interference and providing ef-
fective shear transfer. The simplest gener-
al shape is an axisymmetric, curved-side
fastener. If the exact shape of the thermal-
stress-free fastener is nearly conical, it can
be approximated by a conical fastener with
the vertex slightly offset.

Several types of thermal-stress-free
joints are shown in the figure. The material
being joined (material 2) has unequal ther-
mal coefficients of expansion (COE) in the
inplane and thickness directions, denoted
in the figure as ay, and ay,, respectively,
which also differ greatly from the inplane

and thickness COE's of the fastener mate-
rial (material 1), ay; and ay;, respectively.
These conditions will cause adverse ther-
mal stresses or looseness in the joint if
conventionally shaped fasteners are used.
This design technique determines fastener
shapes that will maintain a tight thermal-
stress-free joint while the joint undergoes a
uniform temperature change.

The equation defining the initial inter-
face shape is shown in the figure as a
power curve in which the exponent is
dependent on the COE's of the fastener
(material 1) and of the structural material
(material 2). Suitable minimum and maxi-
mum fastener diameters are obtained by
varying the washer thickness of material
2 and the coefficient of the power term.
Varying the COE values results in shapes
having either negative curvature (0< p<1),
conical shapes (the shape of the DAZE fas-
tener withp = 1), positive curvature (p>1),
or a negative slope with negative curvature
(p<0). A steel fastener designed to join
pieces of graphite survived four thermal
cycles to 1,600 °F (870 °C), whereas a con-

ventional fastener failed after only one cy-
cle, demonstrating the validity of this
concept.

This work was done by Max L. Blosser
and Robert R. McWithey of Langley Re-
search Center and Thomas F. Kearns of
the Institute for Defense Analyses. Further
information may be found in NASA
TP-2226 [N84-13614/NSP], “Theoretical
Basis for Design of Thermal-Stress-Free
Fasteners."”

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

This invention is owned by NASA, and a
patent application has been filed. In-
quiries 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-13325

Modular Firewalls for Storage Areas

Honeycomb ablative structures are assembled in place as needed.

John F. Kennedy Space Center, Florida

A portable, modular barrier withstands
the heat of combustion for a limited time
and confines the combustion products hor-
izontally to prevent fire from spreading.
The barrier absorbs the heat energy by
ablation and is not meant to be reused.
Designed to keep fires from spreading
among segments of solid rocket propellant
in storage, the barrier could also be
erected between storage units of other

. flammable or explosive materials — for ex-

ample, tanks of petroleum or liquid natural
gas. Since few common materials have
heating values or energy-release rates as
high as those of rocket propellants, the bar-
rier should be adequate for most industrial
| purposes.
For an economy of material and space,
~ the barrier is laid out on a hexagonal floor
~ plan and resembles a honeycomb (see fig-
ure). Steel triangular towers are placed at

~ the hexagon corners to support the 8- by

12t (2.44- by 3.66-m) steel-skeleton pan-
~ els of the honeycomb-cell walls. Cells are
added horizontally to cover the required
- floorspace. The structures can also be
. stacked vertically in 12-ft (3.66-m)unitstoa
~ maximum cell height of 60 ft (18.29 m).
- Each tower is made of three 5-in.
(12.7-cm) pipes laterally supported by 6-in.
" (15.2-cm) |-beams and braced by %4-in.
(19.05-mm) rods. The panels are lattices of
114

variously sized beams braced by rods.
After the steel skeleton is erected, the
structure is lined with firebricks. Each brick
is about 6 by 9by 3in.(15.2by 22 9by 7.5cm)
and is molded with tabs that interlock with

the steel framework. The bricks are stacked
with the 6-in. dimension as the insulating-
wall thickness. The bricks can be placed
on either or both panel faces and on any or
all tower faces.

Existing / /
Structure i
“/

Towers

Giant Honeycomb Structures are assembled in modular units. Flammable materials are
stored in the cells. The walls are insulated with firebrick to prevent the spread of fire

among the cells.
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The insulating firebrick material is a
porous clay less than half as dense as con-
ventional firebrick. Some types can with-
stand 1,538 °C for an indefinite time. The
hot face can be exposed briefly to
2,760°C: At this temperature, it ablates;
but until ablation is nearly complete, it does

not lose strength or transmit excessive
temperature to the opposite face. The
walls are designed to withstand a maxi-
mum combustion pressure of 540 Ib/ft2 (26
kN/m?).

This work was done by Otto H. Fedor
and Lester J. Owens of Kennedy Space

Center. For further information, Circle 88
on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Kennedy
Space Center [see page 29]. Refer to
KSC-11276.

Faster Edge-Defined Silicon-Ribbon Growth

End-cooling may allow faster growth and may

yield single-crystal ribbons.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A proposed improvement in the edge-
defined film-fed process for growing sili-
con ribbons should increase the speed of
growth and improve the quality of the
silicon product. The improved process
may also produce silicon sheets, webs, or
boules.

To maintain the growth of a silicon rib-
bon, the liquid silicon emerging from the
die must be solidified by cooling within
the maximum height that the liquid me-
niscus can extend above the die before
collapsing. For a 0.15-mm-thick sheet,
this height is more than 8 mm on the
sides but only about 1 mm at the ends.

In the current process, the molten sili-
con emerging from the die is solidified
with the help of two cold shoes placed on
opposite sides of the ribbon (see Figure
1). The speed of growth is very limited. Ex-
perience has shown that whenever the
upper pulling-speed limit is reached, the
growth of the ribbon is terminated by the
collapse of the meniscus at one of the
ends. The silicon-ribbon product is mainly
polycrystalline.

In the improved process, heat sinks in
the form of cooled metal parts are placed
at the two ends of the die where the liquid
material forms a meniscus. As in the cur-
rent process, cold shoes are also placed
along the two faces of the growing ribbon,
approximately 5 mm above the height of
the two end cold shoes (see Figure 2).
With this modification, solidification of the
silicon should start at the ends, and the
point of solidification should remain
below the 1-mm meniscus height limit,
even at high pulling speeds. The cold
shoes along the sides of the ribbon will
have to be arranged to avoid overcooling
of the sheet.

This work was done by Robert Richter
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 51 on the TSP Request Card.
NPO-16692
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Figure 1. In the Present Edge-Defined Flim-Fed

rowth Process, the cold shoes

are placed at the sides of the emerging ribbon. The ribbon growth is determined by the max-
imum height (1mm) that the end menisci can reach before baking.

End
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Figure 2. In the Improved Process, cold shoes cool the melt at the ends of the emerging 3
sheet. Since solidification at the ends should now occur before the end menisci reach their
maximum height, the ribbon could be drawn substantially faster.




Lightweight Forms for Epoxy/Aramid Ducts

Aluminum mandrels are easy to remove.

Lyndon B. Johnson Space Center, Houston, Texas

A lightweight aluminum mandrel for
shaping epoxy/aramid ducts simplifies
and speeds production. Previously, the
mandrel was made of plaster and, there-
fore, was heavier and more difficult to
maneuver into and out of the curing oven
than the aluminum tool. In addition, dur-
ing the cure the plaster mandrel gave off
moisture that tended to distort and dam-

age the duct. Most importantly, the plas-
ter mandrel had to be removed by slow
and tedious chipping, during which the
duct could easily be damaged.

In the new process, glass-reinforced
epoxy/aramid cloth is wrapped on the
aluminum mandrel. Stainless-steel
flanges and other hardware are then fit-
ted on the duct and held by simple tool-

ing. The entire assembly is then placed in
an oven to cure the epoxy. After curing,
the assembly is placed in an alkaline
bath that dissolves the aluminum man-
drel in about 4 hours (compared with
about 40 hours for removing the plaster
form). The epoxy/aramid shell is then
ready for use as a duct.

The aluminum mandrel (see figure)

33.64

al

11.23

Ref

L3

Note: “Ref.” means “This dimension is redundant and
! given for reference only.”

12.00 = 0.10
Radius

7 Laminations
0.028 Ref.

12.00 = 0.10
Radius

11.63

33.64
SIDE VIEW
i 1.625
" Ref.
I8, s, Lo L. ey
l -| Ref. '-— ad usl .
7 Laminations Ref. _I
0.028 Ref.
6.00 6.00
Diameter SECION B-B SECTION A-A Diameter
Ref. ROTATED 24° CLOCKWISE ROTATED 60° CLOCKWISE Ref.

A Large-Diameter Duct of glass-reinforced epoxy/aramid material with stainless-steel flanges was formed on an aluminum mandrel. The
curvature of the duct is much more easily imparted to the aluminum mandrel than to its plaster predecessor.
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has been used to make ducts of various
inside diameters up to 6 in. (15.2 cm).
Standard aluminum forms can be used;
for example, straight tubing, Y-joints,
T-joints, and other forms can be sawed

and welded into a variety of shapes,
ready to be wrapped. Conventional tube-
bending equipment produces the re-
quisite curves in the mandrels.

This work was done by Edward W.

Mix, August N. Anderson, and Donald L.
Bedford, Sr., of Rockwell International
Corp. for Johnson Space Center. No
further documentation is available.
MSC-20957

Low-Flammability PTFE for High-Oxygen Environments

A modified forming process removes volatile combustible materials.

Marshall Space Flight Center, Alabama

The flammability of cable-wrapping
tape has been reduced by altering the
tape-manufacturing process. The prob-
lem arose when liquid-oxygen-sensor
cable assemblies were unable to pass a
standard flammability test. Posttest in-
frared spectrography showed that the
polytetrafluoroethylene (PTFE) tape con-
tained small amounts of hydrocarbons.

Previously, the first step in manufactur-
ing was the formation of billets made of
PTFE powder and a hydrocarbon extru-
sion aid, such as naphtha or other pe-
troleum distillates. The newly formed
billets were then extruded and calen-
dered into tape. An attempt was made to
reduce flammability by sintering. Al-
though sintering was supposed to evapo-
rate the hydrocarbons, it actually sealed
them inside the tape; therefore, the
hydrocarbons were present and aided
combustion during the flammability tests.

In the new manufacturing process, the
tape is formed by a proprietary process of
screw extrusion (instead of calendering),
followed by a washing in a solvent and
drying. The tape is then wrapped as be-
fore.

Spectrograms of the new tape show
that it contains only a small amount of
hydrocarbons (see figure). This is borne
out by flammability tests, in which flames
did not propagate on the tape.

PTFE formed by the new process is

4

* Washed
(New Process)

Hydrocarbons

i
A
i
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The New Process Alters the Shape of the spectrogram. The spectrogram taken after ex-
trusion, washing, and drying shows a lower hydrocarbon content.

well suited to oxygen-rich environments.
It is safe in the liquid oxygen of the Space
Shuttle tank as well as in such medical
uses as thin-wall shrinkable tubing in
hospital test equipment, surgical in-
struments, and implants.

This work was done by E. M. Walle, B.
M. Fallon, and A. T. Sheppard of Martin

Joint for Rapid Structural Assembly
A quickly attaching joint could be used

in a variety of truss structures.

Langley Research Center, Hampton, Virginia

Quickly-erecting truss structures have
a variety of potential applications, from
towers and geodesic-dome structures on
Earth to space-station keel beams, anten-
na masts, and large platforms. These
truss structures typically have large
numbers of joints, and each joint must
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have the capability of quick connection at
a single visit if the structure is to be
erected in a reasonable time.

Other requirements of this type of joint
include component simplicity, low cost,
inspectability, and the ease of assembly.
The joint should have positive latching

Marietta Corp. for Marshall Space
Flight Center. No further documentation
is available.

Inquiries concerning rights for the
commercial use of this invention should .
be addressed to the Patent Counsel, Mar- g
shal Space Flight Center [see page 29].
Refer to MFS-28127.

structural load path through the joint. The ?h
joint should have no external protrusion, & =
and the parts should have no sharp edges =

or pointed ends to endanger the assem- =~
bler. The joint should feature side-entry =
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attachment to facilitate the removal of a
single structural strut for repair without
necessitating the removal of additional
pieces. It should have a preload capabili-
ty to remove free play and to provide
linear load-displacement response over a
prescribed load range. Finally, the joint
must be usable with structural members
over a large range of sizes.

A new quickly-attaching side-entry
joint, shown in the photograph, meets all
of these requirements. A split locking ring
with tapered internal sides is forced onto
a matched taper that is machined on an
endbell of each tube. One-half of the split
ring is loosely attached to each endbell
with screws or pins. When the tubes are
slid together to make the joint, a wedged
fit develops between the split locking
rings and the endbells of the two mem-
bers.

A collar attached to one member has
an internal taper to match an external
taper machined on the split ring. The collar
is forced over the split ring, forcing the
endbells together to load the joint internal-
ly. The collar is held in place by connected
pins that ride in a groove machined in one
of the members. The groove is machined
axially along the tube to allow the rapid ad-

vancement of the collar and transitions to
a spiral around the tube. Locking forces
are developed when the collar and split
ring are in contact.

Near the end of the groove, the pitch
of the spiral goes to zero to form a cir-
cumferential groove, which locks the
collar against inadvertent rotation dur-
ing use. The collar may be rotated by
hand or with a spanner wrench if large
clamping loads are required. Release
and removal are accomplished by re-
versing the assembly procedure.

The split ring is made in one piece
and split radially after final machining.
The mating tapers on the split ring and
endbells are small: approximately 7°
on the model shown. Tapers of this
range permit high internal preloads to
be obtained, yet the parts can be easily
separated when the collar is released.
Preliminary results from tests on the
developmental model indicate that the
load-displacement response is linear
and that substantial preloading can be
accomplished.

This work was done by Marvin D.
Rhodes of Langley Research Center.
No further documentation is available.

Inquiries concerning rights for the

Split Locking Rings and Endbells com-
bine with the collar to enable the internal
loading of the joint.

commercial use of this invention should
be addressed to the Patent Counsel,
Langley Research Center [see page
29]. Refer to LAR-13489.

Welding and Brazing Silicon Carbide

Hot isostatic pressing and conventional furnace
brazing are effective under the right conditions.

Lewis Research Center, Cleveland, Ohio

A study was performed that showed
the feasibility of welding SiC using several
welding and brazing techniques. One of
the prime candidate structural ceramic
materials for use in advanced gas-turbine
and diesel engines is sintered alpha
silicon carbide (SiC). The use of SiC would
® improve engine efficiency by allowing an
~ increase in the operating temperature
from 1,700 °F (930 °C) to about 2,450 °F
(1,340°C). Wider and more efficient
utilization of SiC would be possible if
means were available to weld SiC to itself
with elevated-temperature properties of
welded joints equivalent to those of the
SiC base material.

A literature review by the Lewis Re-
search Center revealed that fusion weld-
ing (by melting the base material) was not
applicable because SiC tends to vaporize
on heating, rather than melt. Since fusion
- welding was not applicable, feasibility

~ studies at Lewis Research Center on sol-

.~ id-state welding and brazing were initiat-
ed. Results were evaluated solely by
~ studying the microstructures of the joints.
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Figure 1. This Hot Pressure Weld in SiC was made at 1,950 °C and 138 MPa for 3 h, with 25 per-
cent deformation. Grains have grown across the weld interface. (This sample was etched.)

It was found that SiC could be suc-
cessfully hot-pressure-welded at 3,550 °F
(1,950 °C) in argon (see Figure 1). Welding

was possible because the SiC material
flowed plastically under uniaxial pres-
sure. Conversely, under hot-isostatic-
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pressing (HIP) conditions [3,350°F
(1,950 °C), at 20 kpsi (138 MPa) for 2 h],
with no plastic deformation, SiC could not
be welded at all. However, HIP with
AB,,, B,C, and ZrB, interlayers pro-
duced diffusion-welded joints successful-
ly, and HIP with SiB, Al,C,, and MoSi,
interlayers produced successfully brazed
joints. The joint produced with the SiBg in-
terlayer is shown at the top of Figure 2.
Conventional furnace brazing techniques
were used to braze SIC using a TiSi, in-
terlayer and heating to 3,175°F
(1,746 °C) for 5 min in argon, as shown at
the bottom of Figure 2.

There are now several options for weld-
ing and brazing SiC where otherwise few,
if any, were available. Refinements of the
solid-state welding and brazing proce-
dures used in this study may be sufficient
for some specific industrial applications;
but more extensive research, including
elevated-temperature strength and prop-
erty determinations, would be required
for most other applications.

This work was done by Thomas J.
Moore of Lewis Research Center. For
further information, Circle 62 on the TSP
Request Card.

LEW-14251

Figure 2. These Joints in SIC Were Brazed.
In the upper sample, the SIC layers were hot
isostatically pressed with an SIB, interlayer
at 1,950°C and 138 MPa for 2 h. SIC grains
appear to have grown into the SIB,. In the
lower sample, the layers of SIC were braz-
ed in a furnace with a TiSi; interlayer at
1,750°C in argon for 5 min. (Both samples
are unetched.)

Making a Lightweight Battery Plaque

The plague is formed in porous
plastic by electroless plating.

Lewis Research Center, Cleveland, Ohio

A lightweight nickel plague was pre-
pared for use as an electrode substrate
for alkaline batteries, chiefly for Ni and Cd
electrodes, and for possible use as elec-
trolyte-reservoir plates for fuel cells. The
usual commercial nickel plague is made
by sintering nickel powder, sometimes
with binders and/or pore formers. This
plaque is heavy and uses expensive
powdered nickel.

The lightweight plaque is prepared by
the electroless plating of a porous plastic
that contains an embedded wire or ex-
panded metal grid. The plastic may or
may not be filled with a soluble pore
NASA Tech Briefs, July/August 1986

former. If the plastic contains a soluble
pore former, it is treated to remove the
soluble pore former and increase the
porosity. The porous plastic is then
clamped into a rig that allows the plating
solutions to flow through the plastic.
The essential features of the rig are as
follows: Vertical walls above and below
the porous plastic to allow uniform flow of
the plating solutions through all parts of
the plastic; a plating rig and a perforated
plate made of nonplatable rigid plastic to
support the porous plastic; a diffuser
plate, directly beneath the porous plastic
and above the perforated supporting

plate, consisting of nonplatable, porous
carbon such that the flow through the
carbon is much more rapid than through
the porous plastic (this allows more
uniform flow than does a perforated plate
alone), and provision for pressure or =
vacuum, if needed, to produce adequate @
Commercial electroless nickel-plating =
solutions prepared according to formulas
in the literature may be used. Because of
the high surface area of the porous plas-
tic, the plating can be carried out at =
temperatures lower than those normally
used. After plating, impregnation of the
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plaque with active material is carried out
in the usual manner.

An electrode prepared from Amerace
A-40® porous plastic extracted with
KOH and plated with commercial boride-
based electroless nickel solutions (Allied
Kelite Division), was subjected to 145
charge/discharge cycles at 100 percent
depth of discharge, at current densities
from 10 to 100 mA/cm?, without loss of
capacity. At a loading of 1.60 g/cm? void,

these electrodes have a theoretical
energy density of 0.23 A-h/g, compared to
0.12 A-h/g for a typical sintered electrode.

This work was done by Margaret A.
Reid, Robert E. Post, and Daniel Soltis of
Lewis Research Center. Further infor-
mation may be found in NASA TM-86861
[N84-32357/NSP], "‘Development of a
Lightweight Nickel Electrode."’

Copies may be purchased [prepayment
required] from the National Technical In-

formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra
fee by calling (800) 336-4700.

This invention has been patented by
NASA (U.S. Patent No. 4, 439, 465). In-
quiries concerning nonexclusive or ex-
clusive license for its commercial de-
velopment should be addressed to the
Patent Counsel, Lewis Research Center
[see page 29]. Refer to LEW-13349.

Pressure Rig for Repetitive Casting
The equipment life is increased by improved insulation.

Langley Research Center, Hampton, Virginia

Conventional pressure rigs are design-
ed for the casting of such low-melting-
temperature alloys as aluminum or mag-
nesium. Each casting in conventional rigs
requires repreparation of the pressure-rig
cavity, and the heat necessary for
preparation and casting drastically
decreases the life of the expanding rub-
ber diaphragm and other components. A
new design uses a commercially-
available blanket-type insulator, which
overcomes these problems.

The ceramic cavity (see figure) is lined
with the insulating material, necessitating
only a relining for subsequent use and
eliminating the lengthy cavity prepara-
tions. In addition, the expandable rubber
diaphragm is protected by the insulating
material, thereby decreasing its vulner-
ability to heat damage. Finally, the
hazardous asbestos gaskets in the
former design are replaced by a non-
asbestos material.

The new design, in use at Langley
Research Center, has cut the time of
preparation for casting from several days
to about 1 hour. Most of this saving is due
to the elimination of the lengthy heating

= and drying operations formerly

- associated with the preparation of the
- ceramic mold. The quality of the casting
- is improved because moisture in the cavi-

~ ty is eliminated by use of the insulating

material, and a more uniform pressure is
. applied to the process. The life expectan-
cy of the pressure rig is doubled by this
new design, and bursting of the rubber
diaphragm due to heat is minimized. Ad-
ditionally, the improved heat protection
has allowed the casting of brass and
- other alloys with higher melting
- temperatures in this pressure rig.
A This work was done by Peter Vasquez
and William R. Hutto of Langley
Research Center. No further documen-

. tation is available.

LAR-13485
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A Commercial Blanket Insulator protects components from heat, thereby increasing the life

of the pressure rig and enabling repeated use.
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Automatic-Control System for Safer Brazing
Integrated unit reduces hazards and

improves product quality.

Lyndon B. Johnson Space Center, Houston, Texas

An automatic-control system for radio-
frequency (RF) induction brazing of metal
tubing reduces the probability of operator
errors, increases safety, and ensures high-
quality brazed joints. The unit combines the
functions of gas control and electric-power
control. It minimizes the unnecessary flow
of argon gas into the work area and pre-
vents electrical shocks from the RF
terminals.

The controller will not allow power to flow
from the RF generator to the brazing head
unless the work has been firmly attached to
the head and has thereby actuated a micro-
switch. A potential shock hazard is thus
eliminated. In addition, the flow of argon for
purging and cooling must be turned on and
adjusted before brazing power can be ap-
plied. This provision ensures that power is
not applied prematurely, causing damaged
work or poor-quality joints. The controller
automatically turns off the argon flow at the
conclusion of brazing so that this potentially
suffocating gas does not accumulate in
confined areas.

To braze two pieces of tubing together,
the operator inserts the pieces in a fixture
and places the brazing head over the ends
(see figure). The operator then attaches an
argon-supply hose for internal purging to an
end of the tubing to be brazed and a hose for
external purging to the brazing head. The
flow of gas to both hoses starts when the op-
erator sets a switch on the flowmeter box.
The operator adjusts the purging gas flow to
15 standard ft3h (120 standard cm?/s). The
internal and external flows remain on until
after brazing, when the thermocouple
senses that the workpiece temperature has

lnteral-Purglng-Gas
Tube

Brazing
P Head
4 v

| Tube To "
Be Brazedf -

r

Tubing Is Positioned in a fixture for brazing. The flow of cooling and purging gas and the
application of RF power for induction heating are controlled automatically when the oper-
ator pushes a button to start the brazing process.

dropped below 200 °F (93 °C). At that point,
the controller turns off the flow.

The flow of argon for cooling the brazing
head enters the brazing head through a tube in
the RF cable head, removes heat from the
head, and exits through another tube in the
cable head. The operator presets the cooling-
gas supply pressure to 75 to 100 bin.2 (500 to
700 kPa). The cooling-gas flow starts when
the operator presses the “braze start”
switch, continues during heating up and
brazing, and stops 90 s after brazing has
ended.

Before starting the brazing operation, the
operator sets the temperature and power
controls according to the size and type of

joint. The operator then sets the timer to a
maximum allowable time. (The timer is a
protectively redundant power-shutoff de-
vice; normally, the power would be shut
off automatically when the workpiece
reached the assigned temperature, before
the maximum allowable time.) When a light
indicates that the work station is ready, the
operator presses the “braze start” control,
and brazing proceeds automatically.

This work was done by John A. Stein
and Maurice A. Vanasse of Rockwell
International Corp. for Johnson Space
Center. For furtherinformation, Circle
49 on the TSP Request Card.
MSC-20881

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.
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Coating Circuit Boards
With Silicone

Techniques appropriate to
boards containing CMOS
circuits are detailed.

A document presents a procedure
for applying a thin conformal coating to
such electronic assemblies as printed-
circuit boards and wire-wrapped boards.
The coating is from 1 to 7 mils (25 to
178 micrometers) thick and composed
of room-temperature-vulcanizing (RTV)
silicone. The document specifies the

materials, equipment, spraying meth-
od, and quality requirements.

Silicone was selected as the coating
material on the basis of its electrical
and mechanical properties. It was
evaluated, along with other materials,
by sectioning, thickness measure-
ments, microscopic examination, elec-
trical tests, and photography.

The procedure takes into account
the special needs of circuits made with
complementary metal-oxide/semicon-
ductor (CMOS) devices on circuit
boards. Previously-developed con-
formal-coating procedures tend to in-
duce excessive stresses in these chips
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and ultimately cause failure.

Special attention is given to prevent-
ing damage by electrostatic discharge,
to which CMOS circuits are especially
sensitive; for example, the document
notes that equipment, personnel, and
assemblies should be fully grounded
throughout the procedure.

The coating procedure consists of
the following steps:

1. The workpiece to be coated is re-
moved from its protective package
and grounded.

2. The areas to be coated are cleaned in
specified solvents.

3. The areas not to be coated are
masked with tape, temporary coatings,
or fixtures.

4. A primer is applied to the unmasked
areas and allowed to dry at room tem-
perature.

5. The silicone coating material is diluted
with xylene and then sprayed on the
workpiece.

6. The coated workpiece is cured at
room temperature and humidity for a
week or at 75 =5 °C and 20 to 40 per-
cent relative humidity for at least 16
hours.

7. The masking materials are removed.

8. The coating is inspected. Acceptance
or rejection is based on such criteria
as the numbers and sizes of bubbles,
the thickness, adherence to the circuit
board, completeness of cure, and uni-
formity.

This work was done by Saverio
Gaudiano of Johnson Space Center.
To obtain a copy of the document,
“Procedure for Spray Application of
Thin (1-7 mils) RTV Conformal Coatings
for Electronic Assemblies,” Circle 8
on the TSP Request Card.

MSC-21020

Investing in a Large
Stretch Press

~ A press for forming large
- aluminum parts from plates
. would provide substantial

~ economies.

A study has assessed the advantages
. and disadvantages of investing in a large
stretch-forming press of about 5,000 ton
| (44 x 107 N) capacity per jaw. The
. study also developed a procurement
specification for the press.

The press would be of a longitudinal-
and-ransverse design with a 1'2-in.
(3.8-cm) jaw opening and a die-table ram
. force of 10,000 ton (8.9 x 107 N). It
would process 2219-T37 aluminum alloy
plates measuring 1 by 210 by 480 in. (2.5
by 533 by 1,219 cm).
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The press would be used for fabri-
cating gores and dome segments for
Space Shuttle fuel tanks. Currently, these
pieces are stretch formed and chemical-
ly milled before heat treatment and final
machining. Dome caps could also be
made on the press — these parts are
now spun-formed and machined. The
pieces would be premachined (skin
milled) before stretch forming, to reduce
detail fabrication costs and assembly
costs and eliminate the need for
chemical milling.

The study found from parametric cost
estimates that a large stretch press
could pay for itself in fewer than 100 tank
units. The major advantage of prema-
chining and large-stretch-press forming
is the saving of time through the elimina-
tion of the lengthy process currently re-
quired for chemical milling. In addition,
these techniques enable the production
of larger lots and thereby reduce setup
costs. The study also found that increas-
ing the size of tank gores would reduce
the costs of final assembly, setup,
welding, and inspection by at least 30
percent.

The study examined the question of
location for the large stretch press.
Water access from major producers of
large aluminum plates would be essen-
tial. Without direct water access,
transportation costs become prohibitive.
A site in the southeastern United States
is recommended on the basis of low-cost
electrical power, favorable business
climate and labor market, and con-
venience of access to suppliers.

This work was done by M. W. Choate,
W. P. Nealson, G. C. Jay, and W. D. Buss
of Boeing Aerospace Co. for Marshall
Space Flight Center. To obtain a copy
of the report, “NASA/MSFC Large
Stretch Press Study,” Circle 79 on the
TSP Request Card.

MFS-27126

Exploiting the Vacuum of
Space

Molecular-beam epitaxy and
other processes

could be tested with
minimal contamination.

A proposed vacuum experimental
facility for outer space would create
vacuums higher than those available in
terrestrial vacuum chambers, accor-
ding to a report. The facility would
minimize contamination of the work
from walls and would allow the rapid
removal of gases and heat generated
by the experimental processes. The

facility would be used for such pro-
cesses as molecular-beam epitaxy (for
growing semiconductor superlattices,
for example), for metal/organic chemi-
cal vapor deposition, for coating mir-
rors and other optical components,
and for ultrapurification.

The facility would include a spher-
ical-segment shell raised on a boom
above the Space Shuttle, concave side
facing forward. Positioned near the
apex of the shell on the convex side,
the experimental apparatus would be
exposed to the high vacuum of the
Space Shuttle orbit but would be
shielded from contaminating atmos-
pheric molecules in the Shuttle wake.
The shell would also shield the work
from material outgassed by support
equipment mounted on the concave
side. Even most of the molecules given
off by the downstream wall of the shell
would not contaminate the work
because this wall is not within the view
of the experimental apparatus.

The remaining source of contamina-
tion, the factor that limits the attainable
vacuum level, is the backscattering of
atmospheric molecules by collisions
with molecules outgassed from the
convex wall. Backscattering would be
reduced to a minimum by the choice of
a low-outgassing shell material and by
the use of a novel bakeout procedure
in orbit. When the facility is deployed
from the Shuttle, the convex side of the
facility would be initially aimed in the
forward direction, where the flow of
rare atomic oxygen would help to re-
move traces of hydrocarbons that
might later outgas. After this exposure,
the concave side of the shell would be
pointed toward the Sun. In that posi-
tion, the polished metal surface would
heat up; in effect, it would be baked out
by the Sun to reduce outgassing fur-
ther. At the end of the bakeout period,
the shell would be turned to the for-
ward-concave orientation. These
cleaning and baking provisions should
enable the attainment of vacuums of
1012 to 10"'4 torr (about 10710 to 10712
N/m?) in the experimental apparatus.

The device to be processed would
have to be degreased and cleaned on
Earth. It would be shrouded against
contamination during launch and
deployment. The finished vacuum-
processed work would be stored in pro-
tective containers and returned to
Earth on the Space Shuttle. The con-
cept can readily be adapted to service
on the Space Station as well as on the
Space Shuttle. It will then be more
economical, since the facility will not
have to be transported back and forth
between Earth and orbit.

An important feature of the facility
not shared by ordinary vacuum
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chambers is that emissions from a pro-
cess would be less able to contaminate
it, thereby making it unsuitable for use
with other materials. For example,
although experimenters are strongly in-
terested in building mixed lattices of
groups IlI/V and [I/Vl elements by
molecular-beam epitaxy, they are
reluctant to risk contaminating expen-
sive vacuum chambers, dedicated to
I1I/V work with |I/VI materials, and vice
versa. With the new ultra-vacuum
device, however, most of the emis-
sions would disappear into space.

This work was done by Robert J.
Naumann of Marshall Space Flight
Center. To obtain a copy of the report,
“Space Ultra-Vacuum Facility,” Circle
40 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-28139.

Physics of Fusion
Welding

The applicabilities and
limitations of three
techniques are analyzed.

A NASA technical memorandum dis-
cusses the physics of electron-beam,
gas/tungsten-arc, and laser-beam weld-
ing. From a comparison of the capabili-
ties and limitations of each technique
with regard to various welding conditions
.and materials, it is possible to develop
criteria for selecting the best welding
technique in a specific application.

All three techniques are classified as
fusion welding; that is, a small volume of
the workpiece (the weld puddle) is melt-
ed by an intense heat source. The heat
source is moved along the seam, leaving
in its wake solid metal that joins the
seam edges together.

Gas/tungsten-arc welding is usually
done manually, especially on parts that
are too complicated for automated weld-
ing. Electron-beam welding is not suit-
able for manual operations because it
must be done in a vacuum. Both elec-
tron-beam and laser welding are best
done by robots because these processes
are difficult to control safely by hand.

The broad, rounded puddie usually pro-
duced in gas/tungsten-arc welding must
either melt a lot of metal with consequent
damage to the workpiece and high power
consumption, or else its penetration
must be limited. A weld is typically built
up in multiple passes, each contributing
NASA Tech Briefs, July/August 1986

a small fraction of the total weld cross
section. The use of many passes raises
the cost and increases the incidence of
defects.

Both electron-beam and laser welding
are capable of greater penetration with
less damage to the surrounding material.
Both are capable of “‘keyholing™; that is,
forming a vapor cavity that pushes the
molten metal aside and aids the penetra-
tion of the beam. An electron beam can
readily penetrate the vapor in the key-
hole, while a laser beam is defocused
and stopped by a plume of ionized gas is-
suing from the keyhole. In cases in which
either technigue might be used, a laser
may be preferable if there is a risk of
overpenetration.

Both gas/tungsten-arc and electron-
beam welding are sensitive to magnetic
fields. Because a ferromagnetic work-
piece can become ionized by welding
currents, it may cause the welding beam
to wander. When dissimilar metals are
welded, thermoelectric currents are
generated and these, too, may cause er-
ratic behavior of the beam. The effect is
especially severe if one of the dissimilar
metals is ferromagnetic.

The three techniques differ somewhat
with regard to internal and external
defects. The straighter, narrower holes
produced by keyholing in electron-beam
and laser welding result in less thermal
distortion of the workpiece than is ob-
served in gas/tungsten-arc welding.
Porosity is more likely to occur in
gas/tungsten-arc welding than in the
other types. Most of the common exter-
nal defects in all three cases can be
eliminated with appropriate automation.

The following is an example of the se-
lection of a welding technique: It is
necessary to have the deep penetration
and relatively low distortion afforded by
keyholing. This excludes gas/tungsten-
arc welding. It is also necessary to
operate in air, and magnetic fields may
be present. This excludes the use of an
electron beam. In this case, only laser-
beam welding is acceptable.

This work was done by A. C. Nunes,
Jr., of Marshall Space Flight Center.
Further information may be found in
NASA TM-86503 [N86-11473/NSP] “A
Comparison of the Physics of Gas Tung-
sten Arc Welding (GTAW) Electron
Beam Welding (EBW), and Laser Beam
Welding (LBW)."”

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra
fee by calling (800) 336-4700. The report is
also available on microfiche at no charge.
To obtain a microfiche copy, Circle 41 on
the TSP Request Card.

MFS-27138

Properties of VPPA-
Welded 2219-T87
Aluminum

Metallurgical properties and
effects of welding are
described.

A report describes an investigation of
the welding of 2219-T87 aluminum alloy
by the variable-polarity plasma-arc
(VPPA) process. The purposes of the
research were to determine the highest
strength attainable with this alloy and
process and to estimate the changes in
weld properties caused by variations of
process controls.

Alloy 2219 is strong and heat treatable
and retains its structural integrity up to
600°F (316°C). This is the principal
structural alloy of the Space Shuttle ex-
ternal tank. The VPPA process offers
many advantages and is now replacing
the tungsten/inert-gas process that was
used initially. In over 24,000 in. (610 m) of
welds on the tank, there has been no in-
ternal defect requiring manual repair.

In the VPPA process, the current, vol-
tage, and polarity are changed with time
in a controlled manner. The primary ad-
vantage is in the 4-ms reverse-polarity
portion of the welding cycle, during
which argon ions bombard the work-
piece and remove the oxide layer. During
the 19-ms forward-polarity interval, the
alloy is heated by the impingement of hot
electrons. The plasma (of which the
argon ions and the electrons are prin-
cipal components) acts as a constraint
that reduces the sensitivity of the weld to
the distance between the welding torch
and the workpiece.

VPPA welding can be done in the

“keyhole” mode, in which the weld pene-
trates through the total thickness of the

workpiece. By the appropriate control of !
the electrical current and the gasflow '
rate, the plasma pressure can be in- =
creased to form a stable keyhole that =
moves with the weld. The hole is filledas =~

the weld moves on. The liquid layerinthe =

keyhole is so thin that gases released

during freezing are swept away rather ‘

than being entrapped to form porosity in
the final joint.

In the investigation, welded and un- |
welded specimens of the alloy were sub- ll t

jected to tensile tests and examinations

by scanning-electron microscopy. Micro- =
chemical analysis was also performed in =

the scanning electron microscope by ex-

amination of the X-ray spectra produced
by bombardment of the sample surfaces |

with 5-keV electrons.
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ENGINEER

SAVINGS.

Competitive markets create the same problem for
everyone in Research and Development: Produce a
superior product at a lower cost.

You have a limited staff. You have a limited budget.
You have a limited R&D schedule. You have unlimited
data from which to choose — and you must engineer
significant cost-savings into the project.

The Aerospace Research Applications Center offers a
solution: The Industrial Applications Study — a com-
prehensive report designed to your specific re-
quirements. We won't just work for you — we'll work with
you, to locate and analyze the information that best
solves your engineering problem. While our engineers
work to meet your needs, your engineers are free to pur-
sue additional projects. While we work to engineer a
cost-saving approach to your problem — you save an
engineer or two in the process.

In short, we'll provide answers to your engineering
needs. Whether you need to save an engineer, or
engineer-in savings, ARAC has 23 years of experience in
cost-effective solutions. For more information, contact:

Timothy Janis, Ph.D.

Director, Technology Transfer
611 N. Capitol Avenue

Indianapolis, IN 46204
317/262-5003

A NASA Industrial Applications Center

Circle Reader Action No. 437
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New! Metal Spring/PTFE Seals
With Unique Dual-Lip Design
For Double Leak
Protection

Greene, Tweed MSE™ Series F are §
the only metal spring/PTFE seals
with two lips to offer double leak R
protection and trap lubricant for longer llfe These
low-friction, self-lubricating seals for rod, piston and
face sealing applications—

® Provide excellent static and
dynamic sealing at
pressures to 10,000 psi.

® Operate at temperatures
from cryogenic to 500F +.

® Fit MIL-G-5514F glands.

® Are compatible with aggressive aerospace
fluids, and are non-contaminating.

MSE seals are available in a variety of PTFE’s and
spring energizers; they are ideal for applications in
fuel systems, emergency blow down systems,
electronic cooling systems, etc.

Call or write for details.

GREENE, TWEEDE LD

North Wales, PA 19454 + USA+(215)256-9521

Circle Reader Action No. 328

The strength of welded panel was found to depend on a
number of interacting factors. The composition of the base metal
and modifications of this composition by the filler metal govern
the dimensions of microstructural features, which in turn influence
the weld strength. Other factors that affect the microstructure and
strength include the heating and cooling rates, preheating, and
the angle between the weld and the direction in which the alloy
plate was rolled during manufacture.

Interdendritic particles in the fusion zone contribute to void for-
mation, which controls the ultimate tensile strength. A variation
of 150 um in size was found to correspond to a variation of 10 kpsi
(69MPa) in ultimate tensile strength. All fracture surfaces were
of the dimple-rupture type, with fracture beginning in the fusion
zone. Welds were found to be stronger when aligned with the roll-
ing direction. The application of water-cooled blocks along the
weld track produced a small increase in the strength and
toughness of the weld.

This work was done by W.A. Wilson of Marshall Space
Flight Center Wartan A. Jemian of Auburn University. To obtain
acopy of the report, “The Strength and Characteristics of VPPA
Welded 2219-T87 Aluminum Alloy,"” Circle 50 on the TSP
Request Card.

MFS-27105

Deployable Construction
Platform

A structure folds compactly for
transportation but opens into a large work
and storage area.

A report describes a concept for a deployable platform for
the construction of large structures. Developed for use on a space
station, the concept includes folding structural parts that may be
adaptable to portable or field-assembled terrestrial structures.

The platform would be a central location for building structures,
storing equipment and parts, and servicing and checking out
space vehicles. The platform would provide electrical power,
lighting, and tools.

The deployed platform would consist of a truss structure
attached to a transfer tunnel at a docking port on the space
station. A pair of rails, supported by truss members, would
brace large modules delivered to the space station. Compart-
ments installed within truss members would store such small
items as tools, holddown mechanisms, and auxiliary lights. A
lightweight hangar would protect astronauts while they work on
the platform; it would allow them to move about untethered on
the platform and would contain small objects that happened to
float free.

According to current plans, the platform floor area would
measure 18 by 28 m. The truss would be composed of graphite
/epoxy tubes typically about 2 m long.

Knee joints in the centers of the surface struts and pin joints
and the clustered ends of the struts allow the truss to fold
compactly for transportation to orbit. The entire truss would fold
into a package measuring 2.72 by 1.75 by 2.24 m.

This work was done by Richard M. Gates and Kenneth P.
Hernley of Boeing Aerospace Co. Marshall Space Flight
Center. To obtain a copy of the report, “Deployable Construc-
tion Platform,” Circle 58 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-28117.
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OUR DESIGNFITS
YOUR SPECS.

NEC invites you to take a look inside the
NC-8 single chip color camera — the camera
designed with your specifications in mind.
With the lightweight, flexible NC-8, you get
high definition and resolution, very low lag
and no burn in. It resists shocks, is immune
to magnetic distortion, and because its pixels
are arranged in a high precision matrix,
there is no geometric distortion. It
includes Gen Lock as a standard fea-
ture. It is equipped for any C-mount
lens including auto iris.

This durable little camera is a
match for any of your toughest
video camera requirements and is . '
easily adaptable to a wide variety 2 Specifications

COMPUTERS AND COMMUNICATIONS

of settings. Pickup Interline transfer type CCD x1
NEC, the world’s largest manufacturer of gﬁ'ﬁ"”:’ of picture element :1;5 ;7%492_ e
P g 2% : ratio illuminance channel,
semlqonduc.to’s’ offers an em.”e line .Of solid standard recording conditions,
state industrial cameras—all high quality, hard- AGC: off)
working products from a respected source. Resolution HOTREORE: 290 fines
Vertical: 350 lines
Sensitivity 1,600 Lux F4.0
Minimum illumination 10 Lux F1.4 AGC: ON
(20% signal output level)
NEC White balance adjustment Manual/Remote
Lens mount C-Mount
IMAGINE WHAT WE'LL DO FOR YOU Power consumption Approx. 6.5W (less than 9VA)
Weight Approx. 1.4kg [3.1 Ibs]

(excluding lens)

For more information about the NC-8, Ti-22All, TI-22PIl and TI-26A industrial cameras, contact the Industrial
Video Group, Broadcast Equipment Division, NEC America, Inc., 1255 Michael Drive, Wood Dale, IL 60191
Toll free 1-800-323-6656. In lllinois phone 312/860-7600.
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Function-Keypad Template Filer

Each page of this filer shows various keypad designations
corresponding to a variety of software packages.

NASA’s Jet Propulsion Laboratory, Pasadena, California

Microcomputer operators using a va-
riety of software packages can be assist-
ed by a simple filer that illustrates various
keyboard functions corresponding to dif-
ferent software packages. Keyboard
functions can change, depending on the
selected software. The filer has a set of
templates showing keyboard functions
for various software packages. The tem-
plates can be set up quickly as desktop
references to the key functions.

Usually, overlay templates have been
placed over the function keys, indicating
only their function with a particular soft-
ware package. If each template cor-
responds to one software package, the
user frequently has to swap one template
for another (since templates do not stack
easily on the keyboard), losing time in
locating the desired template. Alter-
natively, the same template can indicate
different sets of functions for each key.

This can be confusing. Moreover, if
eyestrain is to be avoided, the print on the
templates has to be sufficiently large so
that no more than four or five different
sets of functions could be indicated on a
single template.

These difficulties are avoided by the
function-keypad template filer. The filer
has the various templates bound together
so that they can be indexed easily and
stood up for ready viewing. Template
filers are made of inexpensive materials.
Templates of various manufacturers can
be added in pages appropriately die cut
to receive them.

The template filer comprises several
rigid sheets of material arranged in
hinged or jointed binding; for example, a
spiral-ring binding (Figure 1). The filer
rests on a base page. The page next to
the base page is scored to be folded into
a triangular support for the assembly of

Key Map

Spiral
Band

> Creases

————e Slot

COMPLETED TEMPLATE FILER

Supporting
Folded Page

Base
Page

SUPPORTING PAGE BEFORE AND AFTER FOLDING

Figure 1. The Inner Pages of the Function-Keypad Template Filer are maintained at a con-
venient viewing angle by a triangular support constructed from the page above the base
page.
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inner pages. A tab and tab slot are provid-
ed to secure the triangular base.

As shown in Figure 2, some of the in-
ner pages are printed to represent a par-
ticular key map, while slotted pages are
used to hold the plastic templates that are
popular in software applications. Index
tabs at the tops of the pages allow the
function-keypad templates to be located
quickly.

This work was done by Paul A. Headley
of Caltech NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 77 on the TSP Request Card.
NPO-16676

[ )
Function Set 1

pLrppppppppp

\UAVAVAVAVAVAVAVAVA" 4
PRINTED PAGE

Slotted
Page

'__ﬂ

L
Figure 2. Printed Inner Pages represent a
particular keyboard. Alternatively, slotted Cuts
pages hold the commercial templates in- Cuts
dicating the key functions.

R
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LAYA'A'A'A'A'ATA'A%4 Commercial
FRONT VIEW Template SIDE VIEW
SLOTTED PAGE
Solving Nonlinear Coupled Differential Equations
A harmonic balance method gives
useful results fairly easily.
Lewis Research Center, Cleveland, Ohio
A harmonic balance method has been ¥ — 2 + Cgmi — g(1 — %262 +

developed to obtain approximate steady- Kim(r — 1) = 0 ' Rotational
state solutions for nonlinear coupled ordi- oz 2 . \ Dashpot
nary differential equations. Such equa- reg + 2rif + (Cg/m)d + gr(6 — 6%6) orevity: . ey
tions arise, for example, in determining = To/m sin (wt)

the motion of an unbalanced, rigid disk in
a shaft system. Although the nonlinear
terms are commonly neglected in rotor-
dynamic calculations, order-of-magni-
tude analysis indicates that they are
significant in geared shaft systems.

Up to now, suitable techniques have
not been available for solving the com-
plete nonlinear equations. However, the
method of harmonic balance is a suitable
solution technique. Moreover, the method
is usable with transfer matrices, which
are commonly used to analyze shaft
systems. The solution to the nonlinear
equation, with a periodic forcing function,
is represented as the sum of a series
similar to a Fourier series but with the
form of the terms suggested by the equa-
tion itself. As an example, if one con-
siders the equation for the two-degree-of-
freedom spring-mass pendulum system
shown in Figure 1
NASA Tech Briefs, July/August 1986

where a two-term Taylor series has been
substituted for the usual trigonometric
terms on the left sides of the equations.

Examination of the equations suggests
the following form of solution

6(t) = 644 sin (wt) + 645 cos (wt)
rt) =rp +
rz1 Sin (2wt) + rys cos (2wt)

These assumed solutions are substituted
into the differential equations. By ignoring
harmonic terms not in the assumed solu-
tion and applying the principle of har-
monic balance, one produces five nonlinear
polynominals in the five unknowns rg, o4,
r22, 841, and 64,. The nonlinear algebraic
equations thus produced are solved by
an iterative method.

Figure 2 shows the 6 response ob-
tained for an example problem, with the

L

&) To sin (wt)

r(t)
Cr

Translational
Dashpot

*1 | Spring
Point
Mass

| 8
r(t)
*1 = Underformed Length of Spring

Figure 1. A Pendulum includes a point

mass suspended on a spring. Both the =
spring flexing and pendulum rotation are =

damped by dashpots.
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& Numerical
Simulation

— Harmonic-Balance
Solution

Figure 2. Solutions to the Equations of Motion for the pendulum of Figure 1 were obtained by

the harmonic-balance method and numerically from the original differential equations. These
are steady-state solutions for m = 10 kg, k = 100 N/m, Cg = 10 N-m/s, C; = 10 N-m-s,

To=25N'm,| = 1m,and g = 9.81 m/s?.

approximate solution compared to a pre-
cise numerical solution of the original differ-
ential equations. The system parameters
were such that the response was fairly
large. In light of the large nonlinearity in
the differential equations, the agreement
between the harmonic-balance and nu-
merical solutions is considered good. The
solution precision could be improved fur-
ther, if necessary, by using higher-order
harmonic terms in the assumed solution
form.

This work was done by L. D. Mitchell
and J. W. David of the Virginia Polytech-
nic Institute for Lewis Research Center.
For further information, Circle 14 on the
TSP Request Card.

LEW-14165

Economic Comparison of Processes Using
Spreadsheet Programs

An inexpensive approach can aid plant-design decisions.

NASA's Jet Propulsion Laboratory, Pasadena, California

Commercially available electronic
spreadsheet programs can aid the
economic comparison of different pro-
cesses for producing a particular end
product. This can facilitate plant-
design decisions without requiring
large expenditures for powerful main-
frame computers.

To estimate plant performance, data
for process feeds, yields, and utility re-
quirements are first entered in the
spreadsheet “‘baseline’’ (first) column
(see table). Performance parameters
can then be calculated and displayed
« in the second column. Using the per-
formance parameters, the process
analyzer can quickly compare the
baseline parameters and adjust the
performance parameters as desired.

The adjusted performance parame-
ters (placed in the third spreadsheet
column) and mathematical functions
that describe the interactions of unit
operations in a simplified block flow
diagram of the plant then yield ad-
justed baseline values, which are
displayed in the fourth column.
Repeating these procedures for the dif-
ferent plants allows their adjusted
baseline performance data to be com-
pared.

For each plant, stored, adjusted
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3 B I E F & W JATE R

1 ' H

2 H PLANT DESIEN A H

3 : H

4 H Adjusted !

) ! BASELINE  Perforsance  Performance Adjusted |

] H Paraseter Paraseter Baseiine |

7 2=

8 H !

9 Coal feed (TPD) i 4607.0 7485 4

10 Coa: feed (MRBtu/hr) Ae92.2 4839.4 |
11 Coal feed (MW) V13763 1417.9
12 Pipeline gas feed (MMBtu/hr) : 38.9 6.0}
13 Dxygen [or air) feed (TFD) T 3840.0 0.838 0.813 1855.5 ¢
14 H H
15 Gasifier gas (WNBtu/hr) i 3630.0 0.773 0.750 36294 !
16 Bas as fuel to cleanup (MMBtu/hr) ! 36,9 0.008 0.003 4.2
17 Treated gas (MMBtu/hr) LIS LA ] 3605.4 1
18 H H
19 POMER BENERATORS: H H

Process Feeds, Yields, and Power Requirements of a coal-gasifier/fuel-cell powerplant
are summarized from design data and displayed on a spreadsheet, a small section of
which is shown here. These input data are used for technical and economic perfor-

mance estimates.

baseline-performance data enable the
estimation and tabular display of costs
for each plant component and for the
entire plant. After the ‘‘adjusted”
baseline performance is calculated,
the cost of each plant component is

estimated by use of calculated values
stored in the spreadsheet cells. A cost-
estimate template can be made from
unit costs and scaling exponents. Then
installed-unit costs are scaled accord-
ing to the following:
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installed cost
of unit B =

installed cost
of unit A X

(capacity of unit B )"
capacity of unit A

where n is a scaling exponent between

Oand 1.

From plant costs and the appro-
priate economic assumptions, the re-
quired product selling price can be
estimated and displayed. The spread-
sheet approach also allows the quanti-
fication of the uncertainties in the
estimates of performance and cost,
and for the pictorial presentation of the
results of sensitivity analyses and com-

parisons, by use of the graphic rou-
tines built into the spreadsheet soft-
ware package.

This work was done by Joseph F.
Ferrall, Alfred W. Pappano, and
Charles N. Jennings of Caltech for
NASA’s Jet Propulsion Laboratory.
For further information, Circle 46 on
the TSP Request Card.

NPO-16660

Computer Program To Transliterate Into Arabic

A computer would be used as an Arabic typewriter.

John F. Kennedy Space Center, Florida

A conceptual program for the TRS-80,
Model 12 (or equivalent) computer would
transliterate from the English letters of
the computer keyboard to Arabic charac-
ters in the output of the associated
printer. The program would automatically
change the character sequence from the
left-to-right of English to the right-to-left of
Arabic. It would be easy to use and in-
volve minimal shifting. (Current Arabic
typewriters require much shifting be-
cause almost every letter has four forms:
one used at the beginning, one in the mid-
dle, one at the end of a word, and one
standing alone.)

The figure gives an example of how the
program would function, using the Arabic
phrase for “the Arabs and the Moslems."
Of course, a dot-matrix printer would
have to be used in the absence of a print-
ing head with Arabic characters. Since
graphics are used to create the cursive
characters, the user can virtually create
any “font” desired by making alterations
in the “basic’’ program.

The program would leave 16 keys un-
used with the shift. These could be used
for Arabic punctuations that lack, or look
different from, English equivalents. These

||

v’/ a’

| m

Conversion to Approximately-Equivalent Arabic Characters, Taking Into
Account Positions of Letters Within Words

- =ixgany
N

I

A Mol £
A i

Reversal of Character Sequence and
Contextual Adaptations to Cursive Form

An English-to-Arabic Transliteration Program would provide a printed Arabic output from a

keyed-in English transliteration.

keys might also be used for commands if
a word-processing program is developed.

This work was done by Emile Stephan
of Kennedy Space Center. No further

documentation is available.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel, Ken-
nedy Space Center [see page 29]. Refer
to KSC-11342.

Larger Convergence Zones for Newton’s Method
An iterative technique applies over a wider range of initial guesses.

Marshall Space Flight Center, Alabama

A new theorem describes the con-
vergence zone of Newton’s iterative
method for finding the zeros of a real
function. A previous theorem, called the
contraction mapping theorem, was over-
ly restrictive in that it guaranteed con-
vergence over only a portion of the new,
NASA Tech Briefs, July/August 1986

larger convergence zone.

In using Newton's method, one makes
an initial guess, X, of the solution to the
equation f(x)=0. If x, lies in the con-
vergence zone, then the first iterate, x, =
Xy — f(xg)f'(xy) lies closer to the solution
than does x,,. Similarly, one can calculate

the second iterate, x, = x, — f0x I (x4).
If this process is repeated many times,
the nth iterate approaches the exact solu-
tion, x,.

The new theorem involves two points,
Xo and x.', called the primary conjugate
points. If the exact solution lies between
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these points (xp <x,< xp") and there are
no other conjugate points in this interval,
then according to the theorem, subse-
guent iterations will converge upon the
exact solution if the initial guess lies in the
interval.

Newton's method diverges (or at least
fails to converge properly) for x, outside
the convergence zone. If x, lies at one of
the primary conjugate points, the method
neither converges nor diverges; instead,
X, is the other conjugate point, and x, is
the initial guess, x,. Thus, the subsequent
iterations oscillate between the primary
conjugate points if x, is one of these
points.

The associated function, A(x), is useful
in finding the conjugate points and
analyzing the convergence properties of
f(x). It is defined as the difference be-
tween the second iterate and the initial
guess

Alxg) = X, — Xo = [fxhf'xo) + f(x)) F(x,)]

Since x, = X, for an initial guess at x, or
X2 and since all iterations give x, for an in-
itial guess at x,

Alxg) = Alx) = Alx) = 0

Another useful property is that A'(x,) =
—1 so that A(x) must be positive in the
part of the convergence zone below x,
and negative in the part above Xx,. These
properties are illustrated in the figure,
which shows f(x) and A(x) for the inverse
sine of x.

The proof of the convergence theory
depends on the following restrictive
assumptions:

*f(xy), f(x,), and their first and second

2 .
f(x) = arcsin(x)
1}
e
\\
T 9 l X
: s |
b4 \\ H
\\ )
\-
.
2L

The Function and Associated Function for the arcsin(x) illustrate the convergence of

Newton’s method in the interval between X, =

derivatives must be continuous on an
interval that includes the primary con-
jugate points.

. f(xp)f "(xp), f(xp*) f"(xp*), and f ”(xp) f "(xp*)
must all be negative.

*f'(xy) and f(x,) must be nonzero be-
tween the primary conjugate points.
These assumptions may be overly
restrictive; future research on A(x) may
result in a more general convergence
criterion.

This work was done by C. Warren

Campbell of Marshall Space Flight

Center. Further information may be

—1andxp' = [F

found in NASA Technical Paper 2489
[N85-28656/NSP]. ‘‘Convergence of
Newton’s Method for a Single Real Equa-
tion."’

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra
fee by calling (800) 336-4700. The report is
also available on microfiche at no charge.
To obtain a microfiche copy, Circle 17 on
the TSP Request Card.

MFS-27124

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.

Five-Parameter Bivariate
. Probability Distribution

Theory and applications are
discussed.

: A NASA technical memorandum pre-

sents four papers about the five-parame-
ter bivariate gamma class of probability
. distributions. With some overlap of sub-
ject matter, the papers address different
aspects of the theory of these distribu-
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tions and the use of them in forming sta-
tistical models of such phenomena as
wind gusts.

The first paper, *‘A Note on the Ratio of
Positively Correlated Gamma Variates,”
derives the density and the distribution
functions for the ratio of positively-
correlated gamma variates using a modi-
fication of Jensen's bivariate gamma
distribution. The expressions for the
moments differ from those given by some
previous authors, but all the expressions
are identical when the variates are uncor-
related. One advantage of this represen-
tation lies in the ability to compute the
cumulative distribution function of the
ratio. In addition, this function has poten-
tial for use in testing for the equality of
shape parameters in a particular family of
bivariate gamma distribution functions.

The second paper, “‘A Method for De-
termining If Unequal Shape Parameters
Are Necessary in a Bivariate Gamma Dis-
tribution,”” describes a procedure to help

an experimentalist in deciding between
four and five parameters in a Jensen-type
bivariate gamma distribution. The pro-
cedure is based on the properties of the
cumulative distribution function for the
ratio of correlated gamma-distributed
variates. A preliminary evaluation
showed promise, even though the pro-
cedure is not universally applicable.

The third paper, “‘A Differential Equa-
tions Approach to the Modal Location for
a Family of Bivariate Gamma Distribu-
tions,” gives analytical and numerical
methods for determining the location of
the mode as a function of the parameters
of a class of bivariate gamma distribu-
tions. The authors derive new theorems
and use them to calculate modal-location
functions in numerical examples.

The fourth paper, “‘Analysis of Wind
Gust Data,” summarizes the analysis of
wind-gust magnitude and length data,
using mathematical and statistical pro-
cedures developed for bivariate gamma

NASA Tech Briefs, July/August 1986



AGAINS'I' COMPROMlSE

NLY WE OFFER A C

GONIO
POSI

Our unique BG series goniometric cradles make diffi-
cult positioning tasks simple. Designed with the center
of rotation external to its body, each of these stages
provides unobstructed motion over 90 degrees.

Cradles can be paired to provide orthogonal rotation
about a common point or used in conjunction with
other Klinger components to form multi-axis position-
ing systems. All cradles can be manually operated or
motor-driven for automated applications.

Standard resolutions are 0.01 or 0.001 degree with
load capacities to 100 Ibs. All units can be equipped
with an incremental encoder for position verification.
Other options include homing. vacuum and clean

TRIC CRADLES

PROVIDE

IONING TO 0.001 DEGREE.

T

room preparation.

A full range of sizes is available. Chances are that
we have the size that's right for you.

Don’t compromise. The best is always a bargain.
Klinger standards of engineering and manufacturing.
as exemplified by our goniometric cradles. have
made us the world leader in micropositioning systems.
Get our free 212-page micropositioning handbook for
complete specifications on these and thousands of
other components.

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

I(LlnGE'i

s ¥ ] Worldwide Network 1o Meet Your Needs « France: \' {0 ( ntrole, Evry, (tel 1607
( | Canada: Optikon Corp Ltd . Waterloo, € 8
Ly ] Netherlands: Eimeranic N V., Hilversu

Switzerland: G M PS A Lausanne, (1

3328 = haly: Le

futn\.

»82-83 -West Germ.my Spindler & Hoyer Gottingen. (tel 1 39551 620016




distributions. The data were partitioned ac-
cording to altitude and analyzed by uni-
variate and multivariate techniques. Nei-
ther the normal nor the bivariate gamma
class of distributions was found accept-
able at all altitudes for all wind compo-
nents. However, both classes may provide
acceptable results for defining constraints
in such problems as designing aircraft and
spacecraft to withstand large wind-gust
loads.

This work was done by J. D. Tubbs, D.
W. Brewer, and Orvel W. Smith of Mar-
shall Space Flight Center. Further infor-
mation may be found in NASA TM-82550
[N84-15866/NSP], “Some Properties of a
Five-Parameter Bivariate Probability
Distribution. "

Copies may be purchased [prepayment
required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra
fee by calling (800) 336-4700. The report is
also available on microfiche at no charge.
To obtain a microfiche copy, Circle 20 on
the TSP Card.

MFS-27061

Codes With Parity
Conditions on Subsets of
Coordinates

New theorems aid the
search for efficient code
alphabets.

A paper discusses the theory of finding
the largest binary codes 2k bits in length,
in which all words differ from each other
in at least d places and in which words
truncated by ignoring certain subsets of
bit positions belong to shorter linear
codes. This theoretical work was moti-
vated by the search for binary codes for
the American National Standard Code for
Information Interchange (ASCII) control
characters used in simple protocols for
transferring files between microcompu-
ters.

The general codes are characterized
by the functions A, B, and C, that specify
the size (that is, the number of code
words) of a given code. Specifically, A
(2k,d) = the largest size of a binary code of
length 2k and minimum distance 2>d. If
each code word is required to contain an
even number of ones in its first k and in its
last k bits, then the size of the code is
given by B (2k,d). If each code word is re-
quired to contain an even total number of
ones (regardless of position), then the size
of the code is given by C (2k,d). Because
case Bisincludedin case Cand case Cis
included in case A, B (2k,d)< C(2k,d)< A
(2k,d).

The codes of case B are of principal in-

terest in the solution of the ASCII problem,
in which control characters are to be
transmitted as pairs of 8-bit ASCI| charac-
ters. Relying heavily on matrix and vector-
space theory, the authors derive several
theorems and lemmas about these codes,
including notably the following:

* When the integer k is even, B(2k = 4n,
d = 2n) = 8n, provided that a 4n-by-4n
Hadamard matrix exists.

*When ks odd, then B(2k = 4n,d = 2n)
< 8n—4, or = 8n—4 if a 4n-by-4n

Hadamard matrix exists.

The latter theorem is the main one and
is applied to the construction of a code in-
corporating two eight-bit ASCIl charac-
ters. Two bits are constants of the desired
set of characters and are therefore dis-
carded, leaving a total of 2k = 12 bits, of
which two are parity bits. Since 4n = 12,
n = 3, and the maximum number of
words in such a code is given by Brya =
(8 x 3) — 4 = 20. This type of code
enables the correction of up to 2 errone-
ous bits and the simultaneous detection
of a third erroneous bit in two characters
transmitted together.

This work was done by Ed Posner and
Zinovy Reichstein of Caltech for NASA’s
Jet Propulsion Laboratory. 7o obtain a
copy of the report, “Codes With Parity
Conditions on Subsets of Coordinates, "
Circle 21 on the TSP Request Card.
NPO-16572

The futureisn’t
what it used to be.

There's no future in trying to stop the
march of progress. That's especially
true when it comes to the science of
communication. If it had been left to
Harry M. Warner, we would still be
watching silent films. Fortunately,
there are people who know that the
future lies in leading the way, tackling
the impossible, and making things
happen.

They are at a company called TRW.

And when you join us at our Com-
mand Support Division in suburban
Washington, D.C., you'll be encourag-
ed to use your most creative ideas to
find new solutions to new problems.

An Equal Opportunity Employer
U.S. Citizenship Required
Positions may require a background investigation

“Who the heck

wants to hear actors talk?’’

Harry M. Warner
Warner Bros. Pictures, c. 1927

You'll be working on some of the most
challenging projects of our times, on
major programs in areas like Com-
mand, Control, and Communications
Systems, Mobile C°, Fixed Command
Centers, Service Security, and Anti-
Terrorism. Our continuing expansion
in this defense-related business has
created a continuing need for in-
novative individuals with C° ex-
perience. Specific areas of opportunity
include:

COMMUNICATIONS SYSTEMS
DESIGN ENGINEERS

Requires working knowledge of fiber-
optics, RF systems, land-line com-
munications, voice systems, and data
communications engineering. You
should also have experience with HF
digitally-controlled equipment in-
cluding power amplifiers, and anten-
nas, computer hardware configuration,
LANs, DEC VAX computers, telephone
switches, data modems, and other
peripherals.

ADP ENGINEERS

You will have experience designing
communication software along with
system and application software for
state-of-the-art C°| systems design,
graphics and display, and MMI.

We have many positions available for
both Senior Staff Engineers with ten
years' experience and for Technical
Staff Members (MTS) with 3-5 years ex-
perience.

All positions require a Bachelors

degree in Electronics Engineering,
Computer Engineering, Computer
Science, or Systems Engineering.

We're committed to the Washington
area and we've show it with the con-
struction of our new complex in Fair-
fax County scheduled for occupancy
beginning in 1987. We're committed to
your career growth and we show it
with a professional environment unsur-
passed in the industry and a truly
superior compensation and benefits
package.

If you'd like to make things happen,
send your resume to: TRW Command
Support Division, Attn: Dane Smith,
Suite 400, DeptNTB1, 5111 Leesburg
Pike, Falls Church, VA 22041.

At 3 LN §
J FXWY
A Company Called TRW
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Filter Bed of Packed Spheres

Spheres are sized and treated
for the desired sieve properties.

NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed filter would be constructed
from densely packed spheres restrained
by screens (see figure). Hollow gas-filled
plastic or metal spheres would normally
be used. These can be manufactured
within one percent or better diameter
tolerance. Normally, all the spheres in a
filter would be of the same nominal
diameter.

The spheres could be sintered togeth-
er, thereby eliminating the need for
screens. In most cases, however, it is bet-
ter to retain the spheres by screens alone,
thereby making it possible to remove the
spheres for cleaning, chemical treat-
ment, or replacement.

The passages formed by the inter-
. stices between the packed spheres have
well-defined widths due to the close con-
trol of sphere diameters. Therefore, such

a filter could be used as a sieve to pass
only particles smaller than a given size or
to retain particles larger than that size. In
the case of cells or other biological ma-
terials, the new filter may be preferable to
older screen-type filters, which can
damage the cells or other filtrate par-
ticles.

The spheres could be given special
surface treatments, depending on the in-
tended use. Coatings that have affinity for
certain constituents (for example, blood
or blood fractions) could be applied. Palla-
dium could be used to filter hydrogen out
of an effluent gas mixture. Catalytic coat-
ings or multilayer, multipurpose coatings
are also possible.

Given such design constraints as the
maximum tolerable differential pressure,
the desired flow rate, and the anticipated

Distribution

Shells
(Sizes Range
From 1 mm)

Packed Spheres Retained by Screens form a filter or sieve. The dimensions and surface
coatings of the spheres are selected to provide the desired physical and chemical

properties.
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particle-size distribution in the fluid, a filter
might be designed by a suitable choice of
the number of layers of spheres, the size
of the spheres, and the dimensions of the
container. The options available under the
filter concept make it fairly easy to design

for a specific application.

This work was done by Daniel D.
Elleman and Taylor G. Wang of Caltech
for NASA’s Jet Propulsion Laboratory.
For further information, Circle 47 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-15906.

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.

Contrast-Sensitivity
Research

The spatial-frequency
spectrum of patterns changes
the visibility of spatial phase
differences.

A report presents a study of the visual
effects of the frequencies of luminance
patterns and particularly how frequency
components affect the visibility of spatial
phase differences over several octaves.
The study should be of interest to re-
searchers engaged in the development of
algorithms relating to visual processing in
robots, the incorporation of human fac-
tors in the design of visual displays, and
the development of a set of rules the visual
system uses to reconstruct a three-
dimensional perception from a two-
dimensional neural representation.

The psychophysical study made use of
a visual-testing instrument (VTI), a mini-
computer to control the VTI, and a
cathode-ray tube to display the visual
stimuli. The cathode-ray tube was sur-
rounded by a light-green cardboard. The
tests were governed by a two-interval,
forced-choice paradigm. Both intervals
contained test gratings of the same fre-
quency added to the same background
grating and differed only in the spatial
phases between the test and background
gratings. The difference between the spa-
tial phases was fixed at 90° throughout
the study. This difference was set by shift-
ing the peak luminance of the test grating
one-eighth of a period of the fundamental
frequency of the background to the left
(left-shifted stimulus) or one-eighth of a
period to the right (right-shifted stimulus).
Both single- and multiple-frequency
backgrounds were used.

In the experiments, the spatial-frequency
components over a four-octave range af-
NASA Tech Briefs, July/August 1986

fected the visibility of spatial phase differ-
ences. When the spatial frequency of the
test and background gratings differed by
one octave or less, phase differences
were more visible (in certain frequency
combinations) than they were when the
frequencies differed by more than an oc-
tave. Phase differences were visible at
low contrasts over a three-octave range of
test frequencies when the test and back-
ground frequencies were harmonically-
related and when the spatial period of the
background was wide.

Practice increased the ability of the
test subject to discern the phase differ-
ences, primarily for test and background
frequencies within one octave of each
other. When such practice consisted of
scrutinizing spatial windows of different
widths, monitoring the directicns of shifts

in the positions of small luminance differ-
ences, and memorizing several different
orderings of light and dark bars, it facili-
tated phase discrimination for multiple-
frequency gratings, spanning a much
wider range of frequencies than would
otherwise be possible. These results are
consistent with the notion that the visibility
of phase differences is processed by some
combination of even and odd symmetric
cells in the striate cortex tuned to a wide
range of different spatial frequencies.
This work was done by Teri A. Lawton
of Caltech for NASA’s Jet Propulsion
Laboratory. 7o obtain a copy of the re-
port, “The Spatial Frequency Spectrum
of Patterns Changes the Visibility of Spa-
tial Phase Differences,” Circle 39 on the
TSP Request Card.
NPO-16643
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ABLATION

Modular firewalls for
storage areas

page 114 KSC-11276

ABRASION

Detecting foreign
particles in wind tunnels
page 87 MSC-20850

ACCUMULATORS
(COMPUTERS)
Collector-output analysis
program

page 76 MSC-20866
AERODYNAMIC FORCES
Wing-design program for
subsonic or supersonic
speeds

page 72 LAR-13315
AERODYNAMIC
STABILITY

Calculating

aerodynamic-stability
derivatives
page 72 LAR-13471

AERODYNAMICS
Nonlinear supersonic full
potential analysis
page 72 LAR-13413

AIRCRAFT SAFETY
Composite lightning
rods for aircraft

page 69 LAR-13470
ALGEBRA

Fitting polynomial
equations to curves and
surfaces

page 78 LAR-13457
ALGORITHMS

Scanning program

page 76 MSC-20904
ALLOYS

New alloy for glass-to-
metal seals

page 100 MSC-21023
ALPHABETS

Computer program to
transliterate into Arabic
page 135 KSC-11342
ALUMINUM ALLOYS

Properties of VPPA.-
welded 2219-T87

aluminum

page 123 MFS-27105
ANALYSIS
(MATHEMATICS)

Larger convergence
zones for Newton's
method

page 135 MFS-27124
Workspace program for
complex-number

arithmetic
page 78 MFS-28111
ANEMOMETERS

Omnivector probe
measures airflow
page 84 LEW-13830

ANTENNAS
Compensating function
for antenna pointing
page 54 NPO-16616

AUTOMATIC CONTROL
Automatic-control
system for safer brazing
page 121 MSC-20881

BEARINGS

Lifetimes and
reliabilities of bevel-gear
drive trains

page 109 LEW-14372

Scufting and lubrication
of gears and bearings
page 91 LEW-14364
BEDS (PROCESS
ENGINEERING)

Filter bed of packed
spheres

page 140 NPO-15906

BINARY CODES

Codes with parity
conditions on subsets of
coordinates

page 138 NPO-16572

BINARY MIXTURES
Convection in a
solidifying binary
mixture

page 63 MFS-27092

BLOWERS

Nozzle extension for
safety air gun

page 108 LAR-13366
BOLTS
Thermal-stress-free
fasteners for orthotropic
materials

page 113 LAR-13325

BOLTS

Measurement of
dynamic bolt-stress
page 89 MFS-29058

BOULES

Faster edge-defined
silicon-ribbon growth
page 115 NPO-16692
BRAZING

Welding and brazing
silicon carbide

page 118 LEW-14251
BRAZING
Automatic-control
system for safer brazing
page 121 MSC-20881

C

CALIBRATING
Pilot-tone system for
mobile communications

page 46 NPO-16414
CANOPIES

Retractable Sun shade
page 94 MSC-20162
CASTING

Pressure rig for
repetitive casting
page 120 LAR-13485

CHARTS

Program for generating
graphs and charts

page 74 GSC-12925

CIRCUIT BOARDS
Coating circuit boards
with silicone

page 121 MSC-21020

CIRCUIT PROTECTION
Fast remote kilovolt-
power controller

page 42 LEW-14111

CIRCUITS

Controlling a four-
quadrant brushless
three-phase dc motor
page 32 MFS-28080

CLEANING

Cleaning high-voltage
equipment with corncob
grit

page 101 MSC-20180
CMOs

Coating circuit boards
with silicone

page 121 MSC-21020

COAL DERIVED GASES
Coal-based fuel-cell
powerplants

page 108 NPO-16543

CODES

Codes with parity
conditions on subsets of
coordinates

page 138 NPO-16572

CODING
Reduced-bandwidth
coding for mobile
communication

page 48 NPO-16447

COMBUSTION
CHAMBERS
Centrally-rupturing
squib-closure disks

page 93 NPO-16707

Monitoring temperatures
indirectly in cooled
combustors

page 88 MFS-29061

COMBUSTION
PRODUCTS

Properties of
combustion gases

page 110 LEW-14275

COMMUTATORS
Controlling a four
quadrant brushless
three-phase dc motor
page 32 MFS-28080

COMPLEX NUMBERS
VLSI architectures for
computing DFT's

page 58 NPO-16656

Workspace program for
complex-number
arithmetic

page 78 MFS-28111

COMPLIANCE
(ELASTICITY)

Dynamic tooth loads for
spur gears

page 74 LEW-14099

COMPOSITE MATERIALS
Process for making
tris(N-methylamino)
methylsilane

page 69 MFS-28143

COMPRESSIBLE FLOW
Interferometer for
observing compressible
flow

page 60 ARC-11549

COMPUTER AIDED
MANUFACTURING
Measuring continuous-
path accuracies of
robots

page 102 MFS-29121

COMPUTER GRAPHICS
Program for generating
graphs and charts

page 74 GSC-12925

COMPUTER PROGRAMS
Language and program
for documenting
software design

page 76 NPO-16511

Structured design
language for computer
programs

page 78 MSC-20917

COMPUTER SYSTEMS
SIMULATION

Computer program for
Space-Shuttle testing
page 70 MSC-20779

CONTROL EQUIPMENT
Two-arm-manipulator
controller

page 104 MSC-21049
CONTROLLERS
Hydraulic shutdown
monitor

page 30 MSC-20796
CONVECTION
Convection in a
solidifying binary

mixture
page 63 MFS-27092
CONVERGENCE

Larger convergence
zones for Newton's
method

page 135 MFS-27124

COOLING SYSTEMS
Monitoring temperatures
indirectly in cooled
combustors

page 88 MFS-29061
COST ESTIMATES
Economic comparison of
processes using
spreadsheet programs
page 128 NPO-16660

Estimating prices of
products

page 79 NPO-16583
CRYSTAL GROWTH
Faster edge-defined
silicon-ribbon growth
page 115 NPO-16692
CURRENT AMPLIFIERS
Electrometer amplifier
with overload protection
page 36 ARC-11457
CURRENT REGULATORS
MOSFET power
controller

page 38 LEW-14112

D

DAMPING
Improved technique for
finding vibration

parameters

page 86 MSC-20901
Multishaker modal
testing

page 90 MFS-27132
DATA PROCESSING
EQUIPMENT

Airborne instrumentation

computer system
page 56 ARC-11602

DIFFERENTIAL
EQUATIONS

Solving nonlinear
coupled differential
equations

page 127 LEW-14165

DIGITAL SYSTEMS
Codes with parity
conditions on subsets of
coordinates

page 138 NPO-16572

DIGITAL TECHNIQUES
Reduced-bandwidth
coding for mobile
communication

page 48 NPO-16447

DIRECTIONAL
ANTENNAS
Compensating function
for antenna pointing
page 54 NPO-16616
DOCUMENTATION
Language and program
for documenting
software design

page 76 NPO-16511

DRAG FORCE
ANEMOMETERS
Omnivector probe
measures airflow

page 84 LEW-13830

DRYING

Liquid scavenger for
separator/pump

page 92 MSC-20632

DUCTS

Lightweight forms for
epoxyl/aramid ducts
page 116 MSC-20957

DYNAMIC LOADS
Dynamic tooth loads for
spur gears

page 74 LEW-14099

E

ECONOMIC ANALYSIS
Economic comparison of
processes using
spreadsheet programs
page 128 NPO-16660

ELECTRIC BATTERIES
Making a lightweight
battery plaque

page 119 LEW-13349

ELECTRIC MOTORS
Controlling a four-
quadrant brushless
three-phase dc motor
page 32 MFS-28080

Hydraulic-leak detector
for hidden joints
page 102 MSC-20783

Motor servoloop with
optical shaft encoder
page 52 ARC-11582

Torque-summing
brushless motor
page 100 MSC-20986

ELECTRICAL FAULTS
Fast remote kilovolt-
power controller

page 42 LEW-14111

ELECTRODES

Making a lightweight
battery plaque

page 119 LEW-13349

ELECTROLYSIS
Solar-powered water
electrolyzer

page 61 KSC-11297

ELECTROMETERS
Electrometer amplifier
with overload protection
page 36 ARC-11457

ELECTRONIC
EQUIPMENT TESTS

List of preferred
electronic parts

page 44 NPO-16028

ELECTRON BEAM
WELDING

Physics of fusion welding
page 123 MFS-27138
ELLIPSOMETERS
Ellipsometric monitoring
of film deposition

page 62 NPO- 16791
EPOXY MATRIX
COMPOSITES
Lightweight forms for
epoxyl/aramid ducts

page 116 MSC-20957
ESTERS

Sulfonelester polymers
containing pendent
ethynyl groups

page 66 LAR-13316
ESTIMATES

Estimating prices of
products

page 79 NPO-16583

EXHAUST EMISSIONS
Heat pipes reduce
engine-exhaust
emissions

page 97 LEW-12590

EXTINGUISHING

Powder extinguishants
for jet-fuel fires

page 68 ARC-11252

F

F-106 AIRCRAFT
Composite lightning
rods for aircraft

page 69 LAR-13470

FAIL-SAFE SYSTEMS
Hydraulic shutdown
monitor

page 30 MSC-20796
FASTENERS
Thermal-stress-free
fasteners for orthotropic
materials

page 113 LAR-13325
FASTENERS

Joint for rapid structural
assembly

page 117 LAR-13489

FATIGUE (MATERIALS)
Fatigue criterion for
system design

page 90 LEW-14344

FIBER COMPOSITES
Process for making
tris(N-methylamino)
methylisilane

page 69 MFS-28143

FIELD EFFECT
TRANSISTORS

MOSFET power
controller

page 38 LEW-14112

FILTRATION
Cleaning of liquid N,O,4
page 103 MSC-20989

Filter bed of packed
spheres
page 140 NPO-15906

FIRE EXTINGUISHERS
Powder extinguishants
for jet-fuel fires

page 68 ARC-11252

FIRE PREVENTION
Modular firewalls for
storage areas

page 114 KSC-11276

FLAME RETARDANTS
Fire-resistant polyimides
containing phosphorus
page 64 ARC-11522
FLAMMABILITY
Low-flammability PTFE
for high-oxygen
environments

page 117 MFS-28127

FLIGHT SIMULATORS
Studies of pilot-induced
oscillation

page 110 ARC-11801
FLIGHT TEST
INSTRUMENTS

Airborne instrumentation
computer system

page 56 ARC-11602

FLOW MEASUREMENT
Omnivector probe
measures a'rflow

page 84 LEW-13830
FOCUSING
Semiconductor laser
with two-dimensional
beam steering

page 37 NPO-16031
FOURIER
TRANSFORMATION

VLSI architectures for
computing DFT's

page 58 NPO-16656
FRAMES (DATA
PROCESSING)
Frame-synchronization
assisting module

page 51 NPO-16564
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| Encoders. .
ime and Space.

BEI's LED-equipped optical encoders help position the space shuttle arm and provides guide star

position data on NASA's Hubble Space Telescope

The space shuttle’'s remote man
ipulator arm uses high-reliability

Hubble space

accuracy 1o 21 b BEI encoders

BE! introduced the first 19-bit LED light source encoder
design to NASA almost twenty years ago. We've both
traveled a long way since then.

Our LED-equipped “pancake” encoders designed
for the space shuttle in 1974 have reliably helped position
the remote manipulator arm on many successful missions.
Only 1.6 thick including electronics, they offer a direct read
of 16-bits resolution and accuracy.

In 1979, BEI's Ultra-Loc® precision drive with LED-
equipped motor-encoders were selected for the space
telescope'’s fine guidance system. This lightweight beryllium
motor-encoder is totally integrated including motor

* R i

Our remarkable code disk, unequaled for
accuracy in the world and beyond

LED read station with optics

commutation. It provides resolution and accuracy to 21-bits
— with rotational drive speeds varying from 0.5 arcsec-
onds/second (one revolution every 30 days), to 16384 arc-
seconds/second. The design life is ten years.

Our long established systems and procedures are in
compliance with quality criteria
NHB-5300.4 (1B) and MIL-Q-
9858A, and high reliability crite-
rion MIL-STD-785. Contact BEI
for more details.

BEI Motion Systems Co.

Digital Products Division

BEI Motion Systems Co. « Digital Products Division « P. O. Box 3838 « Little Rock, Arkansas 72203 « (501) 851-4000

Circle Reader Action No. 337
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FREQUENCIES

Pilot-tone system for
mobile communications
page 46 NPO-16414

FUEL CELL POWER
PLANTS

Coal-based fuel-cell
powerplants
page 108
FUEL VALVES
Lightweight motorized
valve
page 97

NPO-16543

MSC-20848

G

GAS MIXTURES
Properties of

combustion gases

page 110 LEW-14275

GAS TUNGSTEN ARC
WELDING

Physics of fusion
welding
page 123

GEAR TEETH

Dynamic tooth loads for
spur gears
page 74
GEARS
Scuffing and lubrication
of gears and bearings
page 91 LEW-14364

GEARS
Lifetimes and
reliabilities of bevel-gear
drive trains
page 109

GRAIN SIZE

Ultrasonic verification of
metal-grain size

page 61 LEW-14283

GRAPH (CHARTS)
Program for generating
graphs and charts

page 74 GSC-12925

GUSTS

Five-parameter bivariate
probability distribution
page 136 MFS-27061

H

HARDNESS TESTS

Beta backscatter
measures the hardness
of rubber

page 82 MSC-20991

HARMONIC ANALYSIS
Solving nonlinear
coupled differential
equations
page 127
HEAT PIPES
Heat pipes reduce
engine-exhaust
emissions

page 97 LEW-12590
HEAT SHIELDING
Modular firewalls for
storage areas

page 114 KSC-11276
HEAT TRANSMISSION
Program for heat flow in

MFS-27138

LEW-14099

LEW-14372

LEW-14165

welding
page 74 MFS-28081
HIGH VACUUM

Exploiting the vacuum of
space
page 122 MFS-28139

HIGH VOLTAGES
Cleaning high-voltage
equipment with corncob
grit

page 101 MSC-20180
HYDRAULIC EQUIPMENT
Hydraulic-leak detector
for hidden joints

page 102 MSC-20783
Hydraulic shutdown
monitor
page 30
HYDROGEN
Liquid scavenger for
separator/pump

page 92 MSC-20632

IGNITERS
Centrally-rupturing

144

MSC-20796

squib-closure disks

page 93 NPO-16707
IMAGE CONTRAST
Contrast sensitivity
research

page 141 NPO-16643

INCINERATORS
Toxic-waste disposal by
combustion in
containers

page 106 NPO-16710
Toxic-waste disposal by
drain-in-furnace
technique

page 106 NPO-16579

INDUCTION HEATING
Automatic-control
system for safer brazing
page 121 MSC-20881

INDUSTRIAL WASTE
Toxic-waste disposal by
drain-in-furnace
technique

page 106 NPO-16579
INFRARED DETECTORS
Tailorable infrared
sensing devices

page 36 NPO-16607
INTERFEROMETERS
Interferometer for
observing compressible
flow

page 60
ITERATION
Larger convergence
zones for Newton's
method
page 135

ARC-11549

MFS-27124

J

JET ENGINE FUELS
Powder extinguishants
for jet-fuel fires

page 68 ARC-11252
JOINTS (JUNCTIONS)

Hydraulic-leak detector
for hidden joints

page 102 MSC-20783
Joint for rapid structural
assembly

page 117 LAR-13489

K

KOVAR (TRADEMARK)
New alloy for glass-to-
metal seals

page 100 MSC-21023

L

LANDING SIMULATION
Studies of pilot-induced
oscillation
page 110
LANGUAGES
Computer program to
transliterate into Arabic
page 135 KSC-11342

LASER WELDING
Physics of fusion
welding

page 123
LASERS

Semiconductor laser
with two-dimensional
beam steering

ARC-11601

MFS-27138

page 37 NPO-16031
LATCHES
Direction-sensitive latch
page 95 MSC-20910

LEADING EDGE THRUST
Wing-design program for
subsonic or supersonic
speeds

page 72 LAR-13315
LEAST SQUARES
METHOD

Fitting polynomial
equations to curves and
surfaces

page 78 LAR-13457

LIFE (DURABILITY)
Fatigue criterion for
system design

page 90 LEW-14344

LIGHTNING
SUPPRESSION
Composite lightning
rods for aircraft

page 69 LAR-13470

LUBRICATION

Scuffing and lubrication
of gears and bearings
page 91 LEW-14364

M

MACHINE TRANSLATION
Computer program to
transliterate into Arabic
page 135 KSC-11342

MACHINING

Nozzle extension for
safety air gun
page 108
MANDRELS
Lightweight forms for
epoxy/aramid ducts

page 116 MSC-20957

MANIPULATORS

Mobile remote
manipulator

page 96 MSC-21051

Two-arm-manipulator
controller
page 104 MSC-21049

MAP (PROGRAMMING
LANGUAGE)
Collector-output analysis
program

page 76 MSC-20866
MECHANICAL DEVICES
Direction-sensitive latch
page 95 MSC-20910

Lifetimes and
reliabilities of bevel-gear
drive trains

page 109 LEW-14372

METAL PARTICLES
Nozzle extension for
safety air gun

page 108 LAR-13366
Ultrasonic verification of
metal-grain size

page 61 LEW-14283
METAL WORKING
Pressure rig for
repetitive casting

page 120 LAR-13485

MICROCOMPUTERS
Function-keypad
template filter

LAR-13366

page 126 NPO-16676
MOBILE
COMMUNICATION
SYSTEMS

Pilot-tone system for
mobile communications
page 46 NPO-16414

Reduced-bandwidth
coding for mobile
communication

page 48 NPO-16447
MODAL RESPONSE
Multishaker modal
testing
page 90
MODULES
Telescoping space-
station modules

page 112 LAR-13330

NICKEL

Making a lightweight
battery plaque

page 119 LEW-13349
NITROGEN TETROXIDE
Cleaning of liquid Nﬁ
page 103 MSC-, 39
NOISE GENERATORS
Digital pseudonoise
generator

page 53 NPO-16627

NONDESTRUCTIVE
TESTS

MFS-27132

Beta backscatter
measures the hardness
of rubber

page 82 MSC-20991
Ellipsometric monitoring
of film deposition

page 62 NPO-16791

Ultrasonic inspection
near small bores
page 80 MFS-29024

NONLINEAR EQUATIONS
Solving nonlinear
coupled differential
equations

page 127 LEW-14185

NONLINEAR SYSTEMS
Nonlinear supersonic full
potential analysis

page 72 LAR-13413

)

OPTICAL MEASURING
INSTRUMENTS
Interferometer for
observing compressible
flow

page 60 ARC-11549

ORBITAL ASSEMBLY
Deployable construction
platform

page 124 MFS-28117

ORTHOTROPIC PLATES
Thermal-stress-free
fasteners for orthotropic
materials

page 113 LAR-13325

P

PARABOLIC ANTENNAS
Compensating function
for antenna pointing
page 54 NPO-16616

PARTICLE LADEN JETS
Detecting foreign
particles in wind tunnels
page 87 MSC-20850
PCM TELEMETRY
Airborne instrumentation
computer system

page 56 ARC-11602
PERFORMANCE TESTS
Measuring continuous-
path accuracies of

robots
page 102 MFS-29121
PERSONAL COMPUTERS

Function-keypad
template filter

page 126 NPO-16676
PHOSPHORUS
POLYMERS

Fire-resistant polyimides
containing phosphorus
page 64 ARC-11522

PHOTOVOLTAIC CELLS
Solar-powered water
electrolyzer

page 61 KSC-11297
PILOT INDUCED
OSCILLATION

Studies of pilot-induced
oscillation

page 110 ARC-11601

PLANT DESIGN
Economic comparison of
processes using
spreadsheet programs
page 128 NPO-16660

PLASMA ARC WELDING
Properties of VPPA-
welded 2219-T87
aluminum

page 123 MFS-27105

PLASTIC TAPES
Low-flammability PTFE
for high-oxygen
environments
page 117
PLASTICS
Sulfonelester polymers
containing pendent
ethynyl groups
page 66
POLYIMIDES
Fire-resistant polyimides
containing phosphorus
page 64 ARC-11522
POLYNOMIALS

Fitting polynomial
equations to curves and
surfaces

MFS-28127

LAR-13316

page 78 LAR-13457
POLYTETRAFLUORO-
ETHYLENE

Low-flammability PTFE

for high-oxygen
environments
page 117 MFS-28127

POWER PLANTS
Coal-based fuel-cell
powerplants

page 108 NPO-16543

PRESSING (FORMING)
Investing in a large
stretch press

page 122 MFS-27126

Pressure rig for
repetitive casting
page 120 LAR-13485

PROBABILITY
DISTRIBUTION
FUNCTIONS
Five-parameter bivariate
probability distribution
page 136 MFS-27061

PROBABILITY THEORY
Digital pseudonoise
generator
page 53
PRODUCTION
PLANNING
Estimating prices of
products

page 79 NPO-16583
PROGRAMMING
LANGUAGES

Structured design
language for computer

NPO-16627

programs
page 78 MSC-20917
PROPULSION

Solar thermal rocket
propulsion

page 109 NPO-16654

PUMP IMPELLERS

Liquid scavenger for
separator/pump

page 92 MSC-20632

PURIFICATION
Cleaning of liquid N,O4
page 103 MSC-20989

R

RANDOM NUMBERS
Digital pseudonoise
generator

page 53 NPO-16627
RELIABILITY CONTROL
List of preferred
electronic parts

page 44 NPO-16028

REMOTE CONTROL

Fast remote kilovolt-
power controller

page 42 LEW-14111

REMOTE MANIPULATOR
SYSTEM

Interchangeable tools for
remote manipulators
page 109 MFS-27125

Mobile remote
manipulator
page 96 MSC-21051

Two-arm-manipulator
controller
page 104
RIVETS
Thermal-stress-free
fasteners for orthotropic
materials
page 113
ROBOTICS
Measuring continuous-
path accuracies of
robots

page 102
Mobile remote
manipulator
page 96 MSC-21051

ROCKET ENGINES
Solar thermal rocket
propulsion
page 109
RUBBER
Beta backscatter
measures the hardness
of rubber
page 82

MSC-21049
LAR-13325

MFS-29121

NPO-16654

MSC-20991

S

SCANNING
Scanning program
page 76 MSC-20904

SCHOTTKY DIODES
Tailorable infrared
sensing devices

page 36 NPO-16607

SEALING

New alloy for glass-to-
metal seals

page 100 MSC-21023
SELF ERECTING
DEVICES

Synchronously
deployable truss

structures

page 86 LAR-13490
SEMICONDUCTOR
DEVICES

Tailorable infrared
sensing devices

page 36 NPO-16607
SEMICONDUCTOR
LASERS

Semiconductor laser
with two-dimensional
beam steering

page 37 NPO-16031

SERVOCONTROL

Motor servoloop with
optical shaft encoder
page 52 ARC-11582

SHADES
Retractable Sun shade
page 94 MSC-20162

SHAFTS (MACHINE
ELEMENTS)

Motor servoloop with
optical shaft encoder
page 52 ARC-11582

SILICON

Faster edge-defined
silicon-ribbon growth
page 115 NPO-16692

SILICON CARBIDES
Welding and brazing
silicon carbide

page 118 LEW-14251

SILICON FILMS
Ellipsometric monitoring
of film deposition

page 62 NPO-16791

SILICON POLYMERS
Process for making
tris{N-methylamino)
methylsilane
page 69

SILICONIZING
Coating circuit boards
with silicone
page 121

SOFTWARE
ENGINEERING

Language and program
for documenting
software design

page 76 NPO-16511

SOFTWARE TOOLS
Structured design
language for computer
programs

page 78 MSC-20917

SOLAR ENERGY
CONVERSION
Solar-powered water
electrolyzer

page 61 KSC-11297

SOLAR THERMAL
PROPULSION

Solar thermal rocket
propulsion

page 109 NPO-16654

SOLENOID VALVES
Lightweight motorized
valve

page 97 MSC-20848
SOLIDIFICATION
Convection in a
solidifying binary
mixture

page 63 MFS-27092

SPACE ERECTABLE
STRUCTURES
Synchronously
deployable truss
structures

page 86 LAR-13490
Telescoping space-
station modules

page 112 LAR-13330
SPACE LABORATORIES
Exploiting the vacuum of
space

page 122 MFS-28139
SPACE MAINTENANCE
Interchangeable tools for
remote manipulators
page 109 MFS-27125

MFS-28143

MSC-21020
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SPACE SHUTTLES
Computer program for
Space-Shuttle testing
page 70 MSC-20779

Investing in a large
stretch press
page 122 MFS-27126

SPACE STATIONS
Deployable construction
platform

page 124 MFS-28117

Telescoping space
station modules
page 112 LAR-13330

SPHERULES
Filter bed of packed
spheres
page 140

SQuiBs
Centrally-rupturing
squib-closure disks

page 93 NPO-16707

STABILITY TESTS

List of preferred
electronic parts

page 44 NPO-16028

STATISTICAL
DISTRIBUTIONS
Five-parameter bivariate
probability distribution
page 136 MFS-27061

STRESS MEASUREMENT
Measurement of
dynamic bolt-stress
page 89 MFS-29058

STRETCH FORMING
Investing in a large
stretch press

page 122 MFS-27126

STRUCTURAL ANALYSIS
Determining chaotic
instabilities in
mechanical systems
page 89 NPO-16709

STRUCTURAL FAILURE
Fatigue criterion for
system design

page 90 LEW-14344

STRUCTURAL STABILITY
Determining chaotic
instabilities in
mechanical systems
page 89 NPO-16709
STRUCTURAL
VIBRATION

Improved technigue for
finding vibration
parameters

page 86 MSC-20901

SUBROUTINES
Scanning program

NPO-15906

page 76 MSC-20904
SUBSONIC FLOW
Calculating

aerodynamic-stability
derivatives
page 72
SULFONATES
Sulfone/ester polymers
containing pendent
ethynyl gro

B
page 66

SUPERSONIC FLOW
Nonlinear supersonic full
potential analysis

page 72 LAR-13413
SYNCHRONISM
Frame-synchronization
assisting module

page 51 NPO-16564
SYSTEMS SIMULATION
Computer program for
Space-Shuttle testing
page 70 MSC-20779

T

TELEMETRY
Frame-synchronization
assisting module

page 51 NPO-16564

TEMPERATURE
DISTRIBUTION

Program for heat flow in
welding

page 74 MFS-28081

TEMPERATURE PROBES
Monitoring temperatures
indirectly in cooled
combustors
page 88

LAR-13471

MFS-29061

THERMODYNAMIC
PROPERTIES

Properties of
combustion gases

page 110 LEW-14275
TOOLS

Interchangeable tools for
remote manipulators
page 109 MFS-27125
TOXIC HAZARDS
Toxic-waste disposal by
combustion in

containers
page 106 NPO-16710
TRANSDUCERS

Ultrasonic inspection
near small bores

page 80 MFS-29024
TRANSFORMERS
Cleaning high-voltage
equipment with corncob
grit

page 101 MSC-20180
TRUSSES

Deployable construction
platform

page 124 MFS-28117
Joint for rapid structural
assembly

page 117 LAR-13489

Synchronously
deployable truss
structures

page 86 LAR-13490

TURBINE ENGINES
Heat pipes reduce
engine-exhaust
emissions

page 97 LEW-12590

U

ULTRAHIGH VACUUM
Exploiting the vacuum of
space

page 122 MFS-28139
ULTRASONIC FLAW
DETECTION

Ultrasonic inspection
near small bores
page 80 MFS-29024

ULTRASONIC TESTS
Measurement of
dynamic bolt-stress
page 89 MFS-29058

Ultrasonic verification of
metal-grain size
page 61 LEW-14283

UNIVAC 1100 SERIES
COMPUTERS
Collector-output analysis
program

page 76 MSC-20866

VALVES

Lightweight motorized
valve

page 97 MSC-20848
VERY LARGE SCALE
INTEGRATION

VLSI architectures for
computing DFT's

page 58 NPO-16656
VIBRATION
MEASUREMENT

Improved technique for
finding vibration
parameters

page 86 MSC-20901

VISCOUS DAMPING
Multishaker modal

testing
page 90

VISUAL
DISCRIMINATION
Contrast-sensitivity
research

page 141 NPO-16643
VISUAL PERCEPTION
Contrast-sensilivily
research

page 141 NPO-16643

VOLTAGE REGULATORS
MOSFET power
controller
page 38
VORTICES
Calculating
aerodynamic-stability
derivatives
page 72

MFS-27132

LEW-14112

LAR- 13471
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W

WASTE DISPOSAL
Toxic-waste disposal by
combustion in
containers
page 106 NPO-16710
Toxic-waste disposal by
drain-in-furnace

technique
page 106 NPO-16579
WELDING

Program for heat flow in
welding

page 74 MFS-28081
Properties of VPPA
welded 2219-T87
aluminum

page 123 MFS-27105
Welding and brazing
silicon carbide

page 118 LEW-14251

WIND TUNNEL TESTS
Detecting foreign
particlies in wind tunnels
page 87 MSC-20850
WINGS

Wing-design program for
subsonic or supersonic
speeds

page 72 LAR-13315

YOKES

Direction-sensitive latch
page 95 MSC-20910

NASA WANTS YOU

to tell your fellow citizens
how you have applied
NASA research
in your products
Or processes.

For more information,
call: Linda Watts

| (301) 621-0241

| NASA Spinoffs

DRILL

ING

Control Laser makes the widest range of industrial laser systems and machining centers available any-
where in the world. Thus, we are uniquely able 1o offer the type of laser — CW and Q-switched CW
Nd:YAG, pulsed Nd:YAG or CO, — required to meet a customer’s cutting, welding, drilling, heat treating
and engraving requirements. If you have a material processing problem, call CLC and discuss it with our
knowledgeable sales engineers — perhaps laser machining is the answer!

'] WE HAVE THE LASER SYSTEMS
TO MATCH YOUR APPLICATIONS

11222 ASTRONAUT BLVD. « ORLANDO, AORIDA 32821 »

laser

305/851-2540 « TELEX 564407 + WATS 800/327-6036
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THE FIRST INDUSTRY-WIDE EVENT
DEVOTED EXCLUSIVELY TO
SENSORS AND TRANSDUCERS.

SENSORS EHPO

O’HARE EXPOSITION CENTER, CHICAGO
SEPTEMBER 17 - 19, 1986

Keep up with state-of-the-art advances and newest
applications of sensor and transducer technology in
aerospace, aeronautics, defense, product design,
automated manufacturing, production and systems
engineering, environmental safety, etc. Hear top
scientists and engineers at 27 technical sessions. Learn
about newest NASA-developed sensors. See, compare
a vast array of sensors, transducers, machine perception
components in spectacular exhibit hall. Mail coupon
for Conference Program. Or phone 203-259-5734.

SENSORS EXPO is sponsored by Sensors magazine
and managed by Expocon Management Associates,
Inc., 3695 Post Road, Southport, CT 06490.

Expocon Management Associates, Inc.
3695 Post Road, Southport, CT 06490

0O Send Conference Program [ Exhibitor Information

Name
Title
Company
Street
I City State Zip
[ T e e
2.4 mm DIA. MAX. %
f t 5 g
GREEN #32 TINNED, SOLID
ACCEPTANCE COPPER WIRE
DOT 76 mm LONG MIN.
YSI Space-Qualified
L4
Thermistors
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...with performance and traceability
documentation

YSI 44900 Series Precision Thermistors, with
interchangeability to +0.1°C, meet the re-
quirements of GSFC S-311-P-18 for precise
temperature compensation, measurement and
control during extended space flight. NASA-
monitored procedures for qualification testing
and acceptance screening make YSI 44900 Se-
ries Thermistors ideal for a wide range of criti-
cal scientific and high-reliability industrial
applications.

from Yellow Springs

T
g
ELTTTILI TS
Industrial Division

Yellow Springs Instrument Co., Inc.
Yellow Springs, Ohio 45387 USA « Phone 513 767-7241
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Letters

The “Letters” column is designed to encourage a wide exchange
of ideas among NASA Tech Briefs readers. To contribute a re-
quest for Information or to respond to such a request, use the
feedback cards in this issue, or write or call: Manager/Technology
Transfer Division, P.O. Box 8757, Baltimore/Washington Inter-
national Airport, MD 21240; (301) 859-5300. While we can print
only a small number of letters, we will endeavor to select those
that are of varied and wide interest.

IDEAS WELCOME

| feel that, working for a NASA contractor, | should be able to
submit items to Tech Briefs. May I?
Clark Dunson
Payload Engineer
Lockheed Space Ops.
VAFB, CA

A number of NASA Tech Briefs’ readers have inquired about the
procedures for submitting items of technical interest to the jour-
nal. If the item you're referring to is part of the work you did under
aNASA contract, then you should speak to your project manager
about reporting the item to NASA under the contract’s new tech-
nology reporting clause. In this case, your project manager would
forward the item to the NASA contract manager, who would in turn
report it to the technology utilization officer at the NASA field center
that sponsored the contract. The technology utilization officer
would then determine whether the item is appropriate for publica-
tion in Tech Briefs.

If you're referring to items of technological interest that have
been developed, either at work or on your own time, independent-
ly of NASA contracts, you can submit them directly to the editor
of NASA Tech Briefs in the form of a letter. (You might need to
obtain your company’s approval if the item was developed as part
of your job.) NASA Tech Briefs would like to establish a forum for
readers to exchange ideas, and feels the “Letters” column is the
best place to start. Please send your letters to the Editor, NASA
Tech Briefs, 41 E. 42nd Street, Suite 921, New York, NY 10017, and
include a phone number where you can be contacted for follow-
up purposes.

PATENT COMMENTS

Information in Tech Briefs has more than once pointed out ways
to improve our products—aerosol and particulates sampling equip-
ment. Our experience has been that the summaries in Tech Briefs
are themselves sufficient to point the way. More detailed support
packages often turn out to be of no additional help, because key
details are usually missing. Beyond that point, it becomes nebulous
on how further details may be obtained—who really has the infor-
mation that counts and whether the originator s truly willing to pass
on the information.

That situation casts a great shadow on whether it's worthwhile
to pursue any licensing possibility. Oftentimes, the originator may
want to start his own business on the side using the technology
and is silently a potential competitor. NASA should, as a policy,
caution the people submitting tech briefs that they themselves are
not expected to exploit it commercially while still working for
NASA.

William Chiang

President

California Measurements, Inc.
Sierra Madre, CA

Tech Briefs needs to inform clearly which briefs are available for

licensing and which briefs are not.
Dr. C. Fernandez
President
TWT Co.
Tempe, AZ

The fastest way to obtain clear information about the
possibilities of licensing a technology published in NASA Tech
Briefs is to contact the Patent Counsel at the NASA field center
that sponsored the research. The names, addresses and phone
numbers of these individuals are listed in every issue (page 29,
this issue).

Before a technology is published in Tech Briefs, NASA has
already assessed its “patentability.” Preliminary information
concerning the patent status of various inventions appears in
italics at the end of each brief. If no mention is made of patent or
licensing rights, then you can assume it's legal to apply the
technology without obtaining NASA’s permission.

In any case, if you still have further questions, contact NASA's
Patent Counsels. They have more timely information and are
available to answer your questions.
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Put the Sonix ™ digital pressure sensor
into your application and you may
nevvsr t}slee it a?gin. s

ith =0.01% per year guarant
stability, this smaf")te transdgcliler is truly
“Fit and Forget” What's more, its in-
ternal microcomputer compensates
for systematic and thermal errors and
outputs data in corrected engineering
units.

The Sonix is rugged enough to fl
on board jet fighters, and accurate tor
the most demanding applications.

For more information, call or write
PSI...the leaders in digital pressure
measurement technology.
® *+ 001% FS accuracy/stability
e Corrected digital output
® Applications include metrology,

flight test and calibration

® New display option now available

¢ PRESSURE SYSTEMS

34 Research Drive, Hampton, VA 23666
804/865-1243
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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
research. . .shop and lab techniques. . .computer software. . .new
sources of technical data...concepts...can be found here. The
short section on New Product Ideas highlights a few of the
potential new products contained in this issue. The remainder of
the volume is organized by technical category to help you quickly
review new developments in your areas of interest. Finally, a
subject index makes each issue a convenient reference file.

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 28-29. In addition, an extensive
library of computer programs is available through COSMIC, the
Technology Utilization Program’s outlet for NASA-developed
software. See special section on computer programs on page 70.

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, Maryland
21240-0757.

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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ccomplished

Through the technology transfer
process, many of the systems,
methods and products pioneered
by NASA are re-applied in the
private sector, obviating duplicate
research and making a broad range
of new products and services
available to the public.

S
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A new method for transmitting high 7

quality audio signals over long
distances has been developed at
Kennedy Space Center.

ennedy Space Center's approach to technology
development differs from that of its NASA counter-

parts. Compared to Langley, Lewis and Ames, for
example, where research and development are long-
standing traditions, Kennedy Space Center’s programs are
much more operations-oriented. And because the nature of
these operations—spacecraft assembly and launch—is
somewhat unique, Kennedy's technology development pro-
grams tend to result in similarly unique applications.

A case in point is the recently patented conference call-
ing system developed by Frank Byrne, Kennedy Space
Center's deputy director of information systems. Byrne's
“Method and Apparatus for Operating on Companded PCM
Voice Data” has the potential to link up to 2,000 people in
a single conference call. While it's true that few organiza-
tions need to simultaneously involve 2,000 people in acon-
ference call, it’s also true that, for Kennedy's purposes,
commercially available conference call systems are not
quite up to par. Forone thing, the transmitted audio signals
tend to degrade in relation to noise when a large number of
parties are involved, and secondly, this effect is heightened
when the signal must be transmitted over long distances.

Ongoing commercial development efforts have address-
ed the signal-to-noise degradation, resulting in inno-
vative digital signal-transmitting devices. While these
devices reduce the amount of signal interference for a
NASA Tech Briefs, July/August 1986

To eliminate redundant data and minimize storage requirements, the
conference calling system utilizes a sign ROM, a sum ROM and a delta or
difference ROM to determine the output-sign bit.

limited number of parties and over short distances, they still
fall short of Kennedy Space Center's requirement to link a
large number of people at varying distances with minimum
interference.

Frank Byrne's development efforts addressed these par-
ticular requirements and resulted in a method for combin-
ing amultiplicity of signals with a minimal amount of noise.
The heart of his invention is an innovative read-only memory
(ROM), which both reduces the number of signal-
processing steps and eliminates redundant data, minimiz-
ing the ROM’s storage requirements and resulting in a
clearer signal.

To further minimize interference and to facilitate
transmission over long distances, Byrne incorporated a
multiplying-ROM subsystem which compensates for dif-
ferences in signal amplitude between system subscribers.
The subsystem multiplies the signal’s amplitude prior to
processing to increase its volume, and enables subscribers
at varying distances to receive signals of equal clarity.

The new conference calling system will advance Ken-
nedy’s already sophisticated communications network. In
addition, it's expected that the signal-combining
technology will be licensed and adapted for commercial
purposes, eventually replacing current systems and
enabling the general public to talk shop along the leading
edge of technology. [J
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The commercial and business jet aviation
industry proved the quality of our

RLG navigation systems. Now the military
and aerospace industry are doing it again.

Honeywell’s Ring Laser Gyro (RLG) Inertial Navigation and Reference Systems
have logged over 6 million gyro hours of commercial and business jet in-flight service.

And this experience has translated directly into mlhtar{and space applications.

Honeywell is now designing, fabricating, and testing RLG inertial navigation
systems for the USAF SICBM, the Orbital Sciences Cor;E)oratlon/ Martin Marietta
Transfer Orbit Stage commercial space booster, the F-15E Eagle, F-20 Tigershark,

F-4, A-4, C-130, and JAS-39 Gripen. Our RLGs are CIGTTF certified and F°
compatible.

Our Modular Azimuth Positioning System contract also applies RLG technology
to land applications. Similar work using tgls technology is being conducted for
application to naval surface ships and missiles such as SRAM II and JTACMS, and
Strategic Defense Interceptors such as HEDI and ERIS.

All this is the result of Honeywell’s proven technology, volume production
capability, and unparalleled reliability.

Whether it's commercial, military, or aerospace, on land, on sea, in the air, or in
space, you can trust Honeywell’s RLG navigation systems.

Honeywell Quality.

Together, we can find the answers.

Honeywell
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FROM MERCURY TO SPACE STATION.

For sheer thrill of accomplishment for an industrial
team, there probably never has been anything to
compare with the first flight of the Project Mercury
Capenie fivo £pace. —Our 1961 Annual Report

Since NASA was founded, we have been
engaged in an adventure beyond all that
civilization had earlier dreamed. Beyond what
we could imagine in 1961 when we listened
breathlessly to Astronaut Alan Shepard fly our
Mercury Spacecraft into history.

McDonnell Douglas support for a human
role in space has never wavered. It is dramatically
demonstrated by the spacecraft we've provided
for NASA—Mercury, Gemini and Skylab, the
launch stages for Apollo, and work on the Space
Shuttle and its payloads.

Now we are working with NASA to make
Space Station a reality. As we celebrate a quarter-
century of success and achievement, struggle
and sacrifice, we are rededicating our effortsto
America’s spacefaring leadership. -

MCDONNELL DOUGLAS

For more information, write: Spacefaring, Box 14526, St. Louis, MO 63178
© 1986 McDonnell Douglas Corporation
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