


Artificial intelligence and robotics: giving machines the abilitY- to sense, 
reason and act. 

Much as it may hurt to 
think so, maHY things 
might be done better by 
independently Junctiotting 
machines than by humans. 
Certain tasks may require 
superhuma-n 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 
Junction autonomously 
and intelligently And we 
are exploring ways to put 
them to work on a variety 
oj tasks. 

Docking and reJueliHg Jor 
Orbital Transfer Vehicles 

In space: 
better ways to 
do servicing. 

NASAs maimed space 
station and orbiting 
satellites will require the use 
oj many robotic devices 
driven by artificial 
intelligence. 

I 

Traveling robotic 

Orbital Maneuvering 
A Vehicle 

Satellite 



At1alyticai hltelligel1ce 
programming ~ 

On earth: 
faster manufacturing 
and inspections. 

With creative intelligence 
stemming from software 
that we are develoPhtg, 
autonomous robots can 
qUickly and efficiently 
perform batch 
manufacturing and 
precision inspections, even 
choose their own tools . 

Binary image­
dtciding road PrtJptrtits 

On the road: 
autonomous 
navigation. 

Artificial hltelligence 
systems that use advanced 
sensory perception 
technologies are being 
developed and demonstrated 
in the Autonomous Land 
Vehicle. Already able to 
follow roads, this mobile 
test bed will evet1tually be 
able to piau its route, avoid 
obstacles and even thread 
its way across COUHtry. 

Drawi,'g "tilts," 
ca,'trlilff­
rfCoVfry oj depth 

&IIHldarits, 
dirfCtioll and w.ttr/jnt 
011 TV image Autmwmous 

Land vehicle 

MastennindiHg tomorrows technologies 

IWARTIN IWARIETTA 

Martin Marietta Corporation 
6801 Rockledge Drive, Bethesda, Maryland 20817, USA 
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When the Alaskan Augustine volcano erupted In 1986, the und­
at 5 Themlltlc Mapper (TM) acquired th'.'mlllle from 438 mile. 
away. Imlllle proceulng ha. highlighted varlou. feature •• The 
straw color lit the volcano'. mouth .ho_ the Intense heft em/ • 
sian a. recorded by the TM'. mltUnfrared band. Another thermal 
channel recorded the hot ash flow In .hlldes of red. Snow, Ice and 
water are depleted In shades of blue. (Photo courtesy EOSA T) 

DEPARTMENTS 
ON THE COVER-With J4 "C res0-

lution, the Thermal Infrared Mul­
t/spactral scanner photo shows 
th.,..'. more than meets the eye 
In the cooling recirculation wa­
ters for the "Daniel" power plant 
near Pasclllloula, MS. An Image 
ana/ysl. program ha. aulgned 
red and blue hues to wanner and 
cooler waters. The actual plant 
Is north of the photo. For more 
Infonnlltlon about remote un .. 
Ing and Imlllle proceulng, turn 
to our fellture story on Plllle 12. 
(Photo NASA 's Earth Resources 
Laboratory at NSTL) 

Color-ba/anced Image of Mars 
from the Viking under. (Photo 
courtesy Comta//3M) 
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The Critical Interval 
There has long been a need in the industrial world for 
low-cost, high-performance permanent magnets. Discoveries 
at the General Motors Research Laboratories have led the 
way toward meeting this challenge by the application of new 
preparation techniques to new rare-earth magnetic materials. 

Coercivi ty Variation 

10 20 30 40 

DISC SURFACE VELOCITY (m / s) 

Coercivity of Pro..Feo.6 plotted as a functioll of 
disc surface velocity. 
Color-enhanced trallSmission electron micrograph 
of melt-spun Ndu Feo.6 having 7.5 kOe coercivity_ 

Two properties characterize 
desirable permanent mag­

nets : large coercivity (magnetic 
hardness or resistance to demagnet­
ization) and high remanence (mag­
netic strength)_ Higher-performance 
magnets are required to reduce fur­
ther the size and weight of a wide 
variety of electrical devices, includ­
ing d.c. motors. Such magnets are 
available, but the cost of the mate­
rials necessary to produce them 
severely limits their use_ The research 
challenge is to select, synthesize, 
and magnetically harden economi­
cally attractive materials of com­
parable quality_ 

Prominent among alternative 
materials candidates are alloys com­
posed of iron and the abundant light 
rare earths (lanthanum, cerium, 

praseodymium, neodymium ). In­
vestigations conducted by Drs_ 
John Croat and Jan Herbst at the 
General Motors Research Labora­
tories have led to the discovery of a 
method for magnetically hardening 
these alloys_ By means of a rapid­
quench technique, the researchers 
have achieved coercivities in Pr-Fe 
and Nd-Fe that are the largest ever 
reported for any rare earth -iron 
materiaL 

Drs. Croat and Herbst selected 
praseodymium-iron and neodym­
ium-iron based upon fundamental 
considerations which indicate that 
these alloys would exhibit proper­
ties conducive to permanent magnet 
development These properties 
include ferro-magnetic alignment 
of the rare earth and iron magnetic 
moments, which would foster high 
remanence, and significant magnet­
ic anisotropy, a crucial prerequisite 
for large coercivity_ 

That these materials do not 
form suitable cry s talline com ­
pounds, an essential requirement 
for magnetic hardening by tradi­
tional methods, presents a major 
obstacle _ Drs. Croat and Herbst 
hypothesized that a metastable 
phase having the necessary prop­
erties could be formed by cooling a 
molten alloy at a sufficiently rapid 
rate. They tested this idea by means 
of the melt-spinning technique, in 
which a molten alloy is directed onto 
a cold, rotating disc_ The cooling 
rate , which can be varied by chang­
ing the surface velocity of the disc, 



can easily approach 100,000°C per 
second. The alloy emerges in the 
form of a ribbon. 

rJ'luE researchers found that .1 ·~ariations of the cooling rate 
can dramatically affect the mag­
netic properties of the solidified 
alloys. In particular, appreciable 
coercivity is achieved within a nar­
row interval of quench rate. 

Equally remarkable, synthe­
sis and magnetic hardening, two 
steps in conventional processing, 
can be achieved simultaneously. 

"X-ray analysis and electron 
microscopy of the high coercivity 
alloys reveal an unexpected' mixed 
microstructure:' states Dr. Croat. 
"We observe elongated amorphous 
regions interspersed with a crys­
talline rare earth-iron compound:' 

Understanding the relation­
ship between the coercivity and 
the microstructure is essential. 
The two scientists are now studying 
the extent to which the coercivity 
is controlled by the shape and com­
position of the amorphous and 
crystalline structures. 

"The development of sig­
nificant coercivity is an important 
and encouraging step:' says Dr. 
Herbst, "but practical application 
of these materials requires improve­
ment of the remanence. Greater 
knowledge of the physics governing 
both properties is the key to meeting 
the commercial need for permanent 
magnets:' 

TEOINOLOGY UPDATE: 1987 

Subsequent to the research reported 
above, Drs. Croat and Herbst added 
boron to neodymium-iron as a 
glassifier to increase the formation 
of the elongated amorphous regions 
they had observed in the material. 
They reasoned that shape anisotropy, 
and thus coercivity, was related to 
the presence of these amorphous 
micro-needles. 

They discovered that the addi­
tion of boron promoted the forma­
tion of a previously unknown ternary 
compound: Nd2Fe14 B. Its atomic 
magnetic moments are arranged so 
that this compound has a large mag­
netization. At the same time, the 
researchers found that, compared 
with neodymium-iron, coercivity 
had risen from 8 to 20 kOe, and 
that the magnetic energy product 
had increased by a factor of seven. 

On March 31, 1987, General 
Motors dedicated a new Delco Remy 
plant in Anderson, Indiana for the 
production of magnetic material and 
finished magnets made from 
Nd2Fe14B under the commercial 
name MAGNEQUENCH. 

General Motors 

THE 
MEN 
BEHIND 
THE 
WORK 
Dr. John Croat and Dr. Jan Herbst 
did their original work on rare-earth 
magnetic materials when both were 
Staff Research Scientists in the 
Physics Department at the General 
Motors Research Laboratories. 

Dr. Croat (right) holds a Ph.D. 
in metallurgy from Iowa State Uni­
versity. In 1984, he joined GM's 
Delco Remy Division to stabilize the 
melt-spinning process for the com­
mercial production of MAGNE­
QUENCH materials. He is currently 
Chief Engineer at the Indiana plant 

Dr. Herbst received his Ph.D. 
in Physics from Cornell University. 
He is now a Senior Staff Research 
Scientist and Manager of the Mag­
netic Materials Section in the Phys­
ics Department of the GM Research 
Laboratories. His research interests 
also include photo-emission theory, 
the physics of fluctuating valence 
compounds, and superconductivity. 

Dr. Croat joined General 
Motors in 1972; Dr. Herbst in 1977. 
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• Rod ends and bearing 
in standard or custom 
design for regular and 
special applications 
for aerospace and 
most other industries. 

• Precision ground balls, 
single piece race type 
construction. 

• High misalignment 
units available in male 
and female models. 

Aurora Bearing Company offers a complete 
line of quality rod ends and linkages to provide 
nearly trouble-free performance. Expertly designed 
and competitively priced , you 'll find that they will 
improve the life and important functions of 
your products. ~ -, 

Write for FREE 36-page 
catalog. 

Aurora Bearing - the MOTION 
TRANSFER SPECIALISTS! 
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Some development projects are so big 
they can only be managed 

with Teamwork. 
Creating embedded software 

systems can be a gigantic challenge. 
But now there's a way to manage 
the process, lower costs, improve 
productivity, and keep your team 
competitive. 

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

The Teamwork environment 
is specifically designed for large scale, 
complex systems development projects. 
It provides modules for structured 
analysis, real-time modeling, informa­
tion modeling, and structured design. 
And it has an open data base that 
allows you to interface your own 
application tools. 
T wnworIt 1$ • rqistcml orademulc. ci c.dn T<ehnoIogirs Inc. 

Teamwork is being used by 
many leading companies like Grumman, 
Rockwell, DuPont, Litton, HP, Delco, 
Motorola, General Dynamics, and 
Westinghouse for their most sophisti­
cated projects. And it's helping many of 
these users meet stringent DoD-2167 
requirements. 

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

Today, Teamwork runs on all 
leading' workstations, including Apollo, 
DEC, Hewlett Packard, IBM and Sun. 
There's even a PC member of Team­
work. So regardless of your hardware 
preference-today or tomorrow­
Teamwork can work for you. And 
grow with you. 

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

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

Cadre Technologies, Inc., 
222 Richmond St~ Providence, RI 02903 

(401) 3S1-CASE CADRE 

teamwork-
Winning teams depend on it. 

In Europe, for the name of the local Cadre distributor, call 41 . 22 . 692424 
Circle Reader Action No. 300 



8 

At 16000 C your 
ceramic component 
retains full structural 
integrity if you designed 
with alumina by 
Duramic Products 

When you specify Duramic Products alumina, a 3200 0 F 
maximum use temperature keeps your ceramic part from 
breaking down during high heat applications. 

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

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

PHYSICAL PROPERTIES 
Compressive strength - 340 KPSI 
Flexural strength - 46 KPSI 
Impact resistance - 7 in/lbs, CHARPY 
Hardness - 9 MOHS scale 
Specific gravity - 3.76 
Water absorption - 0 
Electrical resistivity - > 10'5 ohm/cm 

Duramic Products also produces MACOR a 
user machineable ceramic material. MACOR" COfnlng Glass Works 

For more information, call or write Duramic Products Inc. 

Duramic Products Inc. 
A SubSidiary of Morgan Matroc Inc 
426 Commercial Avenue 
Palisades Park, NJ 07650 USA 
Telephone: (201) 947 8313 
TWX. 710991 9632 
Telefax: (201) 947 9394 

~Morgan Leaders In ceramIC technology 

Circle Reader Action No. 355 

Editorial 
I~ 

Since we began publishing NASA Tech Briefs in 1985, 
I have reviewed thousands of feedback cards; they 
have been 99 + % positive. Even the most common 

complaint for subscribers new to NTB is a positive: regret 
at having just discovered the magazine. "What went on be­
fore? . .. What are the other briefs that have been publish­
ed on the subject in which I'm interested?" are questions 
we frequently receive. 

Up until this month there really hasn't been a good an­
swerto those questions. Now there is, and it's called NASA 
Tech Briefs' NTB:BASE ... a desktop index file of more than 
12,000 innovations and technological advances to help en­
gineers, scientists and businessmen find solutions to their 
technical problems. 

NTB:BASE is a collection of floppy disks that contains 
a description of every tech brief published over the past 25 
years ... by category. 

These disks have been set up so that they can be access­
ed by anyone with an I BM or compatible PC. They have been 
grouped into 6 categories, and can be searched by year and 
by category, as well as by key word. The entire history of 
NASA research that has been published in NASA Tech 
Briefs in any or all of these categories is now available to 
everyone in American industry through the NTBM Research 
Center and it's new product NTB:BASE. I am told that there 
is an ad appearing elsewhere in this issue that more fully 
e~plains the program. If you want more information, Project 
Director Mark Seitman will be delighted to provide it. 

The Civilized Engineer 
We've recently been exposed to The Civilized Engineer" , 

a book by Samuel Florman that has delighted us. We've re­
ceived permission to share a few thoughts from the book 
with NTB readers from time to time, and herewith a first 
taste: 

" I think that engineering is what human beings, deep 
down, want to do. Not the only thing, but one of the most 
basic and satisfying things. Engineering is an activity that 
is fulfilling- existentially. 

Both genetically and culturally the engineering instinct 
has been nurtured within us. To be human is to be techno­
logical. When we are being technological we are being hu­
man-we are expressing the age-old desire of the tribe to 
survive and prosper. 

Within our hearts, however, we sense that more than biol­
ogy is involved. Engineering responds to impulses that go 
beyond mere survival: a craving for variety and new possibil­
ities, a feeling for proportion-for beauty-that we share 
with the artist. As eng ineerS) we fe~1 an urge to challenge 
nature- fighting storms, lood~ earth e , nd other 
life-threatening forces-y t also·to . har ony with 
nature, seekin n erstan in!!! , metals, nd other 
basic materia so the-earth 'fJe rtake of the w nders of 
the natural"Scie e~~nd'ente he pristine realm of mathe­
matics. OLlrVjor cf rtbotes tp the well-being of our fellow 
humans. Th~e re elig ious Implications in technology-a 
little bit of cat ed I in everyth ing we build." 0 
• Published by St. Martin 's Press, Inc., New York. 
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SCIENTIFIC/ENGINEERING 
GRAPHIC TOOLS 

for the IBM PC and compatibles 

FORTRA IPascal tools: GRAFMATIC (screen graphics) 
and PlOTMATIC (pen plotter driver) 

These packages provide 20 and 3D plotting capabilities 
for programmers writing in a variety of FORTRA IPascal 
environments. We support MS, R-M, LAHEY FORTRAN 
and more. PLOTMATIC supports HP or Houston Instru­
ment plotters. Font module available too! 

Don't want to program? Just ask for OMNIPlOT! Menu­
driven, fully documented integrated scientific graphics. 
Write or call for complete information and ordering in 
structions. 

GRAFMATIC-PLOTMATIC-OMNIPLOT [S] & [P) 
, .. III>.' 10 . .. 

; ..... . . ., • a D 2Q.0 

15.0 ... 

i 
IGoO ... 

~ 

., 

i ~ 
" ., 

10.0 1110..0 IIDl. D 
ti ll[ (Md 

Microcompatibles, 301 Prelude Drive, Silver Spring, MD 20901 
(301 ) 593-0683 

10 

Circle Reader Action No. 389 

NEW PORTABLE 
X-RAY 
SOURCES 
We've finally eliminated the 
cumbersome high voltage cable! 
By combining an X-ray tube, high­
voltage generator, and control elec­
tronics in one five-pound compact 
unit we have opened the door to new 
X-ray applications. This small , rugged 
X-ray source can be easily moved and 
mounted to point in any direction. Just 
connect it to a 12 volt battery. 
Field service is a snap. Replacing the 
source takes only minutes and eliminates 
costly troubleshooting. 
Available on/yfrom Kevex. 30, 50and 70kV 
versions. Your new products are limited by 
your imagination. Call or write : 

• 
Kevex X-Ray Tube Division 
Box 66860 
Scotts valley. CA 95066 
(408) 438-5940 

Circle Reader Action No. 430 

IASI BIER 
nltrotor aircraft may have a major wortdwlde Impact on 

short and medium range air transportation, according to fin­
dings of a study by NASA, FFA, and DOD. With advent of the 
revolutionary tiltrotor concept, passenger aircraft will take 
off and land vertically like helicopters- yet fly horizontally 
for up to 1000 miles at 300-400 mph. A tiltrotor will have 
twice the speed and range with half the operating cost as 
compared to helicopters. The study also found that tiltrot­
ors are flexible enough to satisfy emerging aviation markets 
such as emergency medical services, commuter aviation, 
and a variety of military requirements. 

The first operational tiltrotor, being developed by Bell 
Helicopter Textron and the Boeing Vertol Company, is 
scheduled to fly next year, with initial deliveries to the U.S. 
Marine Corps slated for late 1991 . 

NASA ha. awarded 8 $384 million contract to Bendix 
Field Engineering Corp., a unit of Allied-Signallnc. The com­
pany will provide communications and engineering ser­
vices for the Goddard Space Flight Center. 

Symbolic., Inc. ha. been granted a $500,000 contract 
from NASA's Ames Research Center for the design of a 
spaceborne symbolic processor (SSP). The SSP will facil ­
itate artificial intelligence applications and other advanced 
computing techniques on future space missions. 

NASA hulmplemented a voluntary, confidential safety 
reporting system for its 100,000 employees and contractors 
to alert NASA management of safety problems. The new 
system, established as a result of the Challenger accident, 
will initially focus on safety concerns associated with the 
Space Shuttle program. 

NASA will ... k racommendatlon. 
from the National Academy of Scien­
ces (NAS) on ways to improve the qual­
ity and reliability of meteorological in­
formation for the planning and opera­
tion of future space launches. In addi­
tion, the NAS will be asked to assess 
the feasibility of making the Kennedy 
Space Center a test facility for research 
on short-term forecasting techniques. 

An OffIce of exploration ha. been 
created by NASA to study potentiallu­
nar and Mars initiatives. The office is 
one step in responding to demands for 
a major initiative that would re-ener­
gize America's space program, accor­
ding to NASA Administrator Dr. James 
C. Fletcher. Former astronaut Dr. Sal­
ly Ride will serve as the office's assis­
tant administrator until mid August, 
when she is scheduled to leave NASA 
to assume a post at Stanford Univer­
sity. 

A new dlvl.lon of NASA'. Ame. R. 
search Center will research methods 
of applying artificial intelligence (AI) 
technology to space exploration. 
Ames' Information Sciences Division 
will work with other NASA centers and 
private industry to develop automated 
systems for all phases of space mis­
sions, from launch to mission control 
and on-board operations. A major 
thrust of the research will be systems 
integration- establishing methods for 
two or more AI computer systems to 
communicate. 
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flew PrOduClldeas 
New Product Ideas .... Just 
• few of the m.ny Innovstlons 
d.scrtbed In thIs Issu. of NASA 
Tech Brim .nd h."lng proml. 
Ing commercl.1 application .. 
&ch Is dIscussed furth.r on the 
r.f .... nced psg. In the .ppro-

prlat. sectIon In thIs IHu • . If 
you .r. Int.rested In developIng 
• product from th ... or oth.r 
NASA Innov.tlons, you c.n 
recelv. furth.r technlc.1 Infor­
matIon by r.qu.stlng the TSP 
ref.r.nced at the .nd of the full-

length .rtlcle or by wrttlng the 
Technology UtilizatIon OffIc. of 
the sponsortng NASA c.nt.r (see 
psg. 18). NASA's pat.nt­
licensing progr.m to encour.ge 
comm.rcl.1 d.v.lopment Is 
d.scrlbed on psge 18. 

Heater for Combustible-Gas 
Tanks 

liquid or gas would be sealed in an immer­
sion cup in the pressurized tank. The 
heater would include a coiled rod-type 
resistance element in the stainless-steel 

immersion cup. The coiled element 
would be supported in a bath of low-melt­
ing alloy. The molten alloy would carry 
heat from the heating rod to the cup effi­
ciently and help to prevent hot spots on 
the rod. (See page 74). 

A proposed heater for pressurizing hy­
drogen, oxygen, or another combustible 

12 Circle Reader Action No. 498 

Hot-Gas Nozzle for 
Desoldering Leadless IC's 

A simple hand-held tool is a specially 
shaped nozzle that fits on a hot-air gun or 
other source of hot gas to remove lead­
less, surface-mounted integrated circuits 
(IC's) from printed-circuit boards. It can 
also be used for installation. It takes only 
5 to 7 seconds to remove an IC with the 
new tool, and it is less likely to damage 
either the IC or the circuit board than are 
tools of the soldering-iron type. The noz­
zle includes a deflector that directs the 
gas flow away from the IC and onto the 
soldered contacts on the mounting pad at 
the base of the IC. Deflectors of various 
sizes could be used to adapt the nozzle to 
IC's of different sizes. (See page 90). 

Prehensile Foot Restraint 
A proposed prehensile foot restraint 

would enable such workers as astronauts 
and divers to maintain fixed positions in 
zero gravity or in buoyancy with minimal 
effort. A claw near the toe of a shoe would 
grip a rail. The wearer would use the flexi­
ble shaft, first to lock the claw tightly on 
the bar; then, when the work is done, to 
open the claw. With the foot restraint, a 
worker could devote attention more fully 
to the task at hand, with little concern 
about holding on to a supporting struc­
ture. (See page 94). 

Mechanism Connects and 
Disconnects Lines 
Remotely 

A mechanism connects and discon­
nects electrical, gas, or liquid lines by 
remote control. The remote-connection 
mechanism accommodates large dis­
placements and misalignments of the 
plug and the receptacle. Developed for 
making (and breaking) electrical connec­
tions from the Space Shuttle orbiter to a 
payload during deployment or retrieval, 
the mechanism may also be adapted for 
use in areas inaccessible or hazardous to 
humans. (See page 80). 
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T he search for a better point of 
view has occupied man for 
ages. From the first time a boy 

climbed a tree to the latest orbiting tel· 
escope, improved vision has brought 
with it higher quality information, al· 
lowing better decision making. The 
critical need for facts has driven im· 
provements in gathering and analyzing 
information, which have led to the bur· 
geoning field of remote sensing and 
image processing, now branching into 
such diverse applications as medical 
imaging, resource management and 
manufacturing and robotics. 

As remote sensing hardware be­
comes increasingly sophisticated, the 
levels of sensitivity achieved by the 
electronics far outstrips the brain's 
ability to assimilate the information. 
Image processing software comes to 
the rescue, using false color techni· 
ques to create easy-to·interpret high· 
contrast pictures. The evening wea· 
ther reports on television are an every­
day example, often displaying 
thunderstorm activity by using colors 
to represent the severity of storms. 

In the field of medicine, MagnetiC 
Aesonance Imaging (MAl) permits doc­
tors to safely "photograph" the human 
brain for tumors. Such abnormalities 
stand out when density-coded colors 
are assigned to an image of the brain. 
In aerial remote sensing, ther­
mographs and infrared photographs 
are commonly assigned false colors to 
accentuate temperature gradients. 

In classic remote senSing, satellites 
take multispectral pictures of the earth 
and transmit them to ground reception 
stations. Much of the credit for this 
goes to NASA, which launched the 
first of the Landsat series fifteen years 
ago. Perhaps more importantly, It has 
sponsored research in the data pro· 
cessing techniques necessary to 
make sense of the massive amounts of 
information downloaded from the sky. 
Though coordination of the Landsat 
series has passed to EOSAT, a private 
company run jointly by ACA Corpora­
tion and Hughes Aircraft Company, 
(now owned respectively by GE and 

At a scale of 1 to 1,000,000, thIs Land .. t 
Thematic Mapper Image show. a 165 Km 
.quare vie l1li of Los Angele., CA and Cat. 
IIna I-'end. The ThematIc Mapper Nn.or 
detect. enef'/lY reflected from the earth'. 
surt.ce a. light, Including the Infrared 
portion of the ."ectrum. Sights Include 
San F«nando Valley and the s.m. Monica 
mountain range to the upper left, the San 
Gabriel Valley to the upper right and umg 
BlllICh to the 10llller rlght_ Blue colon 
r."re .. nt urban areas, red and red 
brown. a,. non-urtJan vegetation, bright 
red. a,. manicured lawn. such a. paries 
and golf counes, and green show. the 
desert scrub brush Indigenous to the 
region. North Is up. 

GM), NASA still places tremendous 
emphasis on Improving the state of the 
art in data analysis and image 
processing. 

Much of the Agency's work in re­
mote sensing and image analysis 
takes place at the National Space 
Technology Laboratory's (NSTL) Earth 
Aesources Laboratory (EAL). Projects 
there cover data acquisition, image 
processing hardware and software, 
and digital imagery research. The 
Earth Laboratory Applications Soft­
ware (ELAS), a primary tool used at 
EAL, processes and analyzes 
multispectral digital data. Written by 
EAL personnel, the transportable soft­
ware package is used in hundreds of 
image processing applications around 
the world. 

While the EAL advances the state of 
the art in remote sensing and image 
processing, the Institute ForTechnol­
ogy Development's (lTD) Space Aemote 
SenSing Center (SASC), also located at 
NSTL, seeks to open up new commer· 
cial markets in the same fields. The 
close relationship between the 
organizations was fostered by the 
SASC's 1985 NASA contract as one of 
five Centers for Commercial Develop­
ment of Space (CCDS). Designed to 
make the most of the commercial p0-
tential of space, the CCDSs encourage 
research and development of space­
related products and spinoffs, and are 
usually aligned with universities or 
federal laboratories. 

Turtles and Fish 
Dr. Scott Madry, Support Services 

Manager at SASC sees "tremendous 
potential for remote sensing tech· 
nologies outside of the traditional 
realm of land-use management." Much 
of this potential comes from applying 
ELAS·type programs to digitized pic­
tures that come from earth-based 
cameras and sensors rather than from 
space. ELAS has been used to improve 
medical images of the human brain 
and heart. For the latter, M AI data was 
interpreted with ELAS to noninvasively 
measure the volume of the heart's 
cavities to determine blood flow. 

Other applications illustrate the 
software's versatility: ELAS has deter­
mined fish and turtle health byanalyz­
ing the growth patterns of their body 
parts. Petrological studies of oil-rich 
sandstone used ELAS to analyze a 
micrograph of a thin section of the 
strata The program identified the size 
of the sand grains, the distance bet­
ween them and the stone's porosity 
and permeability, thereby determining 
its oil·bearing capacity. Because of its 
ability to manipulate data, ELAS has 
applications in the non-image process­
ing engineering environment. Says 
Doug Aickman, a research scientist at 
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ERL, "As long as your data can be ex­
pressed in an array, the software 
doesn't care in the least where the data 
came from." 

Press Enter 
By enhancing and promoting low 

cost Geographic Information Systems 
(GIS) software, the SRSC encourages 
greater use of remote sensing. GIS in­
tegrates remotely sensed land use and 
land cover data with other information, 
creating layers of different data planes 
from which users can derive the best 
answers to land-management ques­
tions. GIS's ability to digest dissimilar 
data is often used in industrial site 
selection. Companies seeking to build 
new facilities have specific require­
ments: The soil must be able to bear 
the load and drain satisfactorily. Par­
tially cleared land is preferred. The site 
has to be within defined distances to 
an interstate highway, a rail spur, an 
electrical power substation, and within 
commuting distance to a medium­
sized city for a projected workforce of, 
for example, three thousand. "Think 
about how difficult it would be on a 
state-wide or region-wide basis to find 
a location to fit those requirements," 
says Madry. " But when you have a GIS 
system built , one that combines geo­
graphic data from a satellite with other 
databases, it's very simple to say, 'find 
me everywhere that Is 3000 acres of 
continuous ownership, within all the 
parameters mentioned above.' Press 
enter, and you have your answer." Says 
Mark Bromley, an Applications Analyst 
with KRS Remote Sensing, a Kodak 
Company, "With GIS, you can start 
drawing ail sorts of conclusions right 
out of your database, without leaving 
your office. In the old days, if you want­
ed to know what was out there [at a 

remote site], you had to hop on a plane 
or walk around on the ground." 

One of the more versatile GIS pro­
grams is the US Army Corps. of 
Engineer's Geograph ic Resource 
Analysis Support System (GRASS), 
available from the SRSC for $200. 
SRSC is currently developing a file in­
terchange between ELAS and GRASS. 
Once completed, "The GRASS user 
community will have the image pro­
cessing abilities of ELAS, and the 
ELAS user community will be able to 
use the analytic capability and user 
friendliness of GRASS," says Madry. 

The integration of remote sensing 
and GIS technologies increases the 
commercial utility of remote sensing 
data by orders of magnitude. No longer 
does remote sensing mean just pretty 
pictures. The software wrings out 
embedded details, giving, as Madry 
sums up, "better information for better 
decision making." 

Roads To the Top 
Another avenue to encourage new 

remote sensi ng products and services, 
the SRSC incubator program, works 
with entrepreneurs using remote sen­
sing technology in innovative ways. 
The program provides technical 
assistance, marketing and other startup 
help. For further information, contact 
the Institute for Technology Develop­
ment, Space Remote Sensing Center, 
Fred Brumbaugh, Commercial Pro­
jects, Building 1100, Suite 308, NSTL 
Station, MS 39529. 

The increasing popularity of remote 
sensing and image processing could 
result in a boom similar to that of the 
microcomputer industry in the early 
198Os. Having passed through the nec­
essary hardware and software de­
velopment cycles, the remaining bar-

To loellt • • "'ndoned op.n~ut mIn •• , m.}or Nure •• of runoff pollutIon, D.,. Quilt­
troehl, • r .... reh K/entl., lit NASA'. ERL. combined und.", Irfultl."ectr.' Se.nn.r 
dllt. with dllllt., elwet/on dllt •• Tlt/. Pln.vllI., ICY Ken. __ lin. blu. to tot'Nted .,..., 
1I0ld to .urfec. mIn •• , .nd red to egr'cultur.' .r •••. Cloud •• ppe.r •• white. 

rier is price, but even that wall is 
crumbling-and rapidly. Says Mark 
Bromley at KRS Remote Sensing, 
" Before, to do image processing, you 
needed a mainframe IBM computer 
that was never optimized to do image 
processing, or some equivalent series 
of V AXs. If you didn't have $500,000 in 
your pocket, you just couldn't do im­
age processing. Now, for $20,000 you 
can put together a full PC station." 

As an offic ial Apple Computer Cor­
poration software developer, the SRSC 
is porting advanced image processing 
software to the new MAC-2, which, at 
about $15,000 with ail peripherals, will 
perform image analysis almost as well 
as the Center's $200,000 research 
quality computer system. Depending 
on the application, the MAC-2 may be 
all a business needs. 

As paper pictures go digital, new ef­
ficiencies come to light. Combining 
the new electronic photography 
market with image processing allows 
manipulation and analysis of scenes in 
the manufacturing cycle: An engineer 
can transmit his CAE-CAD conception 
for a widget to an office on the other 
side of his building. Later, during the 
manufacture of that same part, the 
slightly processed original image will 
be compared against the factory floor 
reality by a machine-vision quality con­
trol (QC) system, which will reject the 
part if doesn't match. Image analysis 
can also check for surface fractures, 
which reflect light differently from the 
rest of the piece. A well programmed 
ELAS-type system wiil be able to de­
tect the flaw, identifying the part for 
personal inspection. 

The Enhanced Scene 
As hardware costs drop, and user­

friendly software becomes widely 
available, remote sensing and image 
analysis technology are finding in­
creased acceptance in research and 
business applications. With better raw 
data from sources such as the Landsat 

..J Thematic Mapper and the French 
ffi SPOT satellite, and with powerful soft­
~ ware able to d raw the best conclusions 
z from disparate data, the potential for 
ffi this aspect of the information revolu­
Ie tlon is tremendous, with a proliferation 
8 of innovative applications just around 
o the corner. 
O~ Like the advent of the electron 
~ microscope, the impact of the com-

bination of image analysis with remote 
senSing goes far beyond the abil ity to 
see finer structures. It lets old ques­
tions be asked in a different context, 
and leads to new ones far beyond 
anything Imagined before. 0 

To learn more about the ELAS program, or 
to purchase a copy, contact COSMIC, at 
404-542-3265. The complete address is 
given on page 18 of this issue. 
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HOW YOU CII BEIEFIT If 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_ 

IISI's 
DlUY We've outlined below NASA's TU Network-named the 

participants, described their services, and listed the Individuals 
you can contact for more information relating to your specific 
needs_ We encourage you to make use of the information, 
access, and appiications services offered by NASA's 
Technology Utilization Network_ 

UTIUZITIOI 
IERiCES 

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 (lACs) for assistance in solving a specific technical problem or meeting your 
information needs_ The " user friendly" lACs are staffed by technology transfer experts who provide computerized information retrievai from one of 

the world's iargest 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 lACs located throughout the nation_ The lACs also offer technical oonsultation services andlor linkage with other experts 
in the fleld _ You can obtain more information about these services by calling orwriting the nearest IAC_ User fees are charged for lAC information services_ 

A.ro.pllC. R .... rch Appllc.tlon. Research Triangle Park, NC 27709 NASA/UK Technology Applications NASA Industrial Applications 
C.nt.r (ARAC) J_ Graves Vann, Jr_, Director C.nt.r Center (WESRAC) 
Indianapolis Center for Advanced (919) 549-0671 University of Kentucky University of Southern California 
Research NASA Industrial Appllc.tlons Ctr_ 109 Kinkead Hall Research Annex 
611 N. Capitol Avenue 823 William Pitt Union LeXington, KY 40506-0057 3716 South Hope Street Room 200 
Indianapolis, IN 46204 U~iversity of Pittsburgh William R. Strong, Director Los Angeles, CA 90007 ' 
Dr. F. Timothy Janis, Director Pittsburgh, PA 15260 (606) 257-6322 Radford G. King, Acting Director 
(317) 262-5036 Paul A. McWilliams, Exec. Director NERAC,lnc_ (213) 743-8988 
C.ntr.llndustrl.1 Applications (412) 648-7000 One Technology Drive (800) 642-2872 (CA only) 
C.nt.r/NASA (CIAC) NASA/Southern Technology Polland, CT 06084 (800) 872-7477 (toll-free US) 
Southeastern Oklahoma State U. Applications Center Daniel U. Wilde, President NASA/SU Industrl.1 Applications 
Station A, Box 2584 P_ O. Box 24 (203) 872-7000 C.nt.r 
Durant, OK 74701 Progress Ctr., One Progress Blvd . Technology Appllc.tlon C.nt.r Southern University Department of 
Tom J . McRorey, Director Alachua, FL 32615 (rAC) Computer Science 
(405) 924-6822 J. Ronald Thornton, Director University of New Mexico Baton Rouge, LA 70813 
North C.rolln. Scl.nc •• nd (904) 462-3913 Albuquerque, NM 87131 John Hubbell Director 
Technology R.s •• rch C.nt.r (800) 354-4832 (FL only) Stanley A_ Morain, Director (504) 771-2000 
(NC/STRC) (800) 225-0308 (tOil-free US) (505) 277-3622 
Post Office Box 12235 
If you represent a public sector organization with a particular need , you can contact NASA's Application Team for technology matching and problem solving 
assistance. Staffed by professional engineers from a variety of diSCiplines, the Application Team works with public sector organizations to identify and 
solve critical problems with existing NASA technology. Technology Application T •• m, R.s.arch Trl.ngl.lnstltut., P_O_ Box 12194, R.s •• rch Trl.ngl. 
P.rk, NC 27709_ Oorl. Rou •• , Director, (919) 541-6980 

How You Can Access Technology Transfer Services At NASA Field Centers: 
Technology Utilization Officers & Patent Counsels-Each NASA Field Center has deSignated a Technology 
Utilization Officer (TUO) and a Patent Counsel to facilitate technology transfer between NASA and the private 
sector, 
If you need further Information about new technologies presented in NASA Tech Briefs, request the Technical Support Package {TSP). lf a TSP is not available, 
you can contact the Technology Utilization Officer at the NASA Field Center that sponsored the research . He can arrange for assistance in applying the 
technology by putting you in touch with the people who developed it. If you want information about the patent status of a technology or are interested 
in licensing a NASA invention, contact the Patent Counsel at the NASA Field Center that sponsored the research. Refer to the NASA reference number 
at the end of the Tech Brief. 
Am •• R.s •• rch Ctr_ 
Technology Utilization 
Officer: Laurance Mllov 
Mail Code 223-3 
Moffett Field, CA 94035 
(415) 694-6370 
Patent Counsel: 
Darrell G. Brekke 
Mail Code 200-11 
Moffett Field, CA 94035 
(415) 694-5104 
L.wl. R •••• rch C.nt.r 
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 301-6 
21000 Brookpark Road 
Cleveland, OH 44135 
(216) 433-5753 

N.tlon.1 Spac. 
Technology 
L.boratorl.s 
Technology Utilization 
Officer: Robert M. 
Barlow 
Code GA-OO 
NSTL Station, MS 39529 
(601) 688-1929 
John F_ K.nn.dy 
Spac. C.nt.r 
Technology Utilization 
Officer: Thomas M. 
Hammond 
Mail Stop PT-TPO-A 
Kennedy Space 
Center, FL 32899 
(305) 867-3017 
Patent Counsel: 
James O. Harrell 
Mall Code PT-PAT 
Kennedy Space 
Center, FL 32899 
(305) 867-2544 

L.ngl.y R .... rch Ctr_ 
Technology Utilization 
Officer: John Samos 
Mail Stop 139A 
Hampton, VA 23665 
(804) 865-3281 
Patent Counsel: 
George F. Helfrich 
Mail Code 279 
Hampton, VA 23665 
(804) 865-3725 
Godd.rd Spac. Flight 
C.nt.r 
Technology Utilization 
Officer: Donald S. 
Friedman 
Mail Code 702 
Greenbelt, MD 20771 
(301) 286-6242 
Patent Counsel: 
John 0 _ Tresansky 
Mail Code 204 
Greenbelt, MD 20771 
(301) 286-7351 

A Shortcut To Software: COSMIC~For software developed by the 
U_S. government contact COSMIC, NASA's Computer Software Manage­
ment and Information Center. New and updated programs are announced 
in the Computer Programs section. COSMIC publishes an annual software 
catalog. For more information call or write: COSMI~Computer Services 
Annex, University of Georgia. Athens, GA 30602 John A. Gibson, Dlr., (404) 
542-3265 
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J.t Propulsion Lab, 
Technology Utilization 
Mgr_: Norman L. Chalfin 
Mail Stop 156-211 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 
NASA R •• ld.nt 
OHlc • .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_ M.r.h.1I 
Spac. Flight C.nt.r 
Technology Utilization 
Officer: Ismail Akbay 
Code ATOl 
Marshall Space Flight 
Center 
AL 35812 
(205) 544-2223 
Patent Counsel: 
Leon D. Wofford, Jr. 
Mall Code CGOI 
Marshall Space Flight 
Center, 
AL 35812 
(205) 544-0024 

Lyndon B_ John.on 
Spac. C.nter 
Technology Utilization 
Officer: Dean C. Glenn 
Mall Code EA4 
Houston, TX 77058 
(713) 483-3809 
Patent Counsel: 
Edward K. FeIn 
Mall Code AL3 
Houston, TX 77058 
(713) 483-4871 

NASA H.adqu.rt.r. 
Technology Utilization 
Officer: Leonard A_ Ault 
CodelU 
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 & Tech nlcallnforma­
t lo n Facility can answer questions about NASA's Technology Utilization 
Network aM its services and documents. The STI staff supplies 
documents and provides referrals_ Call, write or use the feedback card in 
this issue to contact: NASA Sclentlftc .nd Technlc.llnformatlon Facili­
ty, Technology Utilization Office, P_O_ Box 8757, Baltimore, MD 21240-0757. 
Walter M. Heiland, Manager, (301) 859-5300, Ext. 242, 243 

NASA Tech Briefs, July/August 1987 



Connected via the RS-232 
or the IEEE-488 (GPIB) 
interface, the power of 
modern signal analysis 
can be easi{v realized. 

or 608/273-5008 

The Scopes. Nicolet digital oscilloscopes offer ten times the accuracy and as 
much as one hundred times the resolution of analog oscilloscopes. A \\ide range of 
digitizer speeds provide solutions for virtually every measurement problem. Our 
latest plug-in module, the 4570, has 12-bit resolution at the unprecedented digitizing 
speed of 10 MHz. Accuracy does not have to be sacrificed for speed! Neither does 
sweep length. Waveforms composed of up to 16k data points are available regardless 
of the speed. Cursor readout of measurement values, "zoom" expansion to X256, 
continuously variable pretrigger data capture, and built-in disk drives all contribute 
to Nicolet's mea<;urement expertise. 

from low cost portables to high performance laboratory ~;y. terns, Nicolet digital 
o cilloscopes were the first and are. till the best. 

The Software. Powerful, easy to use software packages are available for every 
Nicolet scope. Data transfers into the PC as weU as mathematical dala manipulation 
(FFf, integration, RMS, multiplication, etc.) can be accomplished without program­
ming or computer expertise. Waveforms can be displayed on the PC screen, stored 
on the dJsk drive, and ploued on paper. The powerful new Waveform BASIC program 
can also operate as a waveform manipulation Itmguage. Using commands similar to 
SIandard BASIC, customized waveform calcuIatioos can be wriUen quickly and easily. 

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





It's time we raised our sights again. 
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Measuring Conductor Widths and Spacings Electrically 
The split cross-bridge resistor technique helps to verify microcircuit patterns. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

The widths and spacings of conductor 
lines on integrated circuits are measured 
electrically by the split cross-bridge re­
sistor technique. Because this technique 
uses the same test equipment as the one 
used to characterize test transistors, it 
speeds the evaluation of integrated-circuit 
fabrication processes. When the measure-

11..----.. 

o Conducting 
layer 

• Contact 

..- Metal 

Figure 1. The Split Cross-Bridge Resistor is 
a test structure in a photofabricated single­
layer conductor. Electrical measurements 
via the eight probe pads enable the deduc­
tion of critical circuit dimensions. 

22 

ment of probe currents and voltages and 
the reduction of the measurement data are 
automated, this test structure can be 
probed and characterized in less than one 
second. Thus, the structure can be ex­
amined quickly to verify adherence to 
design rules and thereby establish the dif­
ference between the linewidth and spacing 
of the integrated-Circuit materials and 
those specified by the circuit designer. 

The split cross-bridge resistor test pat­
tem (see Figure 1) is fabricated by a photo­
lithographic process. The parameters of in­
terest are the sheet reSistance, As, the 
linewidth, W, the space between the lines, 
S, and the line pitch, W + S. The structure 
can be designed so that Wand S may have 
micrometer or submicrometer dimen­
sions. It is also applicable in characterizing 
the larger lines and spaces found in print­
ed-circuit boards. 

The test structure is probed at the eight 
pads as shown, and the sheet resistance is 
calculated from the voltage Va and the cur­
rent la from 

<' 

~I wp 0·' 

Polycrystailine 
SIlicon 

As = n V Jlaln2 

The line width and line spacing are calcu­
lated from voltage measurements Vb and 
V c at taps separated by a distance L along 
the current-carrying channel. The current 
for these measurements is lbe. The line 
width is calculated by 

W = As L 1tx!(2V J 
and the line spacing is calculated by 

S = As Llbe{Vc - VJ(VbVc) 

Finally, the line pitch is calculated from 
P = W + S. 

Figure 2 shows a cross section of the 
split portion of the structure formed in poly­
crystalline silicon and covered with silicon 
dioxide. The dimensions We and Se of the 
polycrystalline conductor pattern are 
measured electrically as described above. 
Also indicated are the widths and spaces, 
W p and Sp' on the photomask used to 
make the pattern, and Wyand SV' the visual 
widths and spacings observed on the cir­
cuit. Provided that the features are not 

Photomask 

.~ 
-----1I--- Wv--.-j 

Oxide 

Silicon 

Figure 2. The Photomask, Polyslllcon Conductor, and Oxide Coating have different line 
width and line spacings. The subscripts e, v, and p denote the electrical (polysllicon), visual 
(oxide), and photomask dimensions, respectively. 
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Selection. We offer a broad line 
of electronic wire and cable 
designed to meet military 
specifications such as MIL C 17, 
MIL C 49055, MIL W 16878, 
MIL W 22759 and others. Many 
are QPL listed. 

Quality and Reliability. 
After working with 
govemmentaJ and military 
applications for over 30 
years, we understand the 
interrelationship of quality 
components and critical 
requirements. We believe 
quality is the responsibility of 
leadership. That's why our 
Quality Assurance Department 
has full authority to maintain 
high quality standards for our 

There is ~ equal: " 

Copyright @ 1986, 1987 Cooper Industries, Inc. 

4 REASONS TO 
SPECIFY BELDEN 

FOR YOUR 
GOVERNMENT 

AND 
MILITARY 

APPLICATIONS 

temperature cables, choose 
the cable best suited to your 
specific application. Or work 
with our Product Engineering 
Group to design specialty cable 
to your exact requirements. 

products. And we use patented 
testing methods to 
guarantee our 
product reliability. 
Choosing Belden 
means choosing high 
quality, reliable 
products. 

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

conditions. Critical 
application 
requirements are 
not a problem 

when you 
work with ' 
Belden. 

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

To make your design 
project easier, call us for 

technical assistance. 
Because when you 
specify Belden, 
There is no equal. 

Contact the 
Belden Wire 

and Cable 
Govemment Department 
today. P.O. Box 1980, 
Richmond, IN 47375. 

Phone: 1-800-BELDEN-4 

~ BELDEN 
COOPER 
INOUSTRIES 
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magnified during photofabrication, the 
photomask, visual, and electrical pitches 
must all equal the initial design value. This 
allows one to double check the electrical 
pitch value against the design value and 
thus provides measurement quality assur· 
ance. This test structure has been patent· 
ed under U.S. Patent No. 4,516,071 (May 7, 
1985). 

This work was done by Martin G. 
Buehler of Caltech for NASA's Jet Pro­
pulsion Laboratory. For further informa· 
tion, Qrele 68 on the TSP Request Card. 

Inquiries conceming rights for the com· 
mercial use of this invention should be ad· 
dressed to the Patent Counsel, NASA Resi· 
dent Office.JPL [see page 18]. Refer to 
NPO-16021. 

Attaching Copper Wires to Magnetic-Reed­
Switch Leads 
The small, light-weight connections are reliable. 

Lyndon B. Johnson Space Center, Houston, Texas 
A bonding method reliably joins copper 

wires to short iron·alloy leads from a 

1/8 In. 

STEP 1: SWITCH LEADS 
TRIMMED TO INITIAL LENGTH 

STEP 3: WIRES TRIMMED TO 
FINAL LENGTH AT WELDS 

glass·encased dry magnetic·reed switch 
without disturbing the integrity of the 

Package Wall 

STEP 2: INTERMEDIATE 
COPPER·WIRE LEADS CONNECTED 

IT IT 
SWITCH PACKAGE FILLED 
WITH EPOXY AND CLOSED 

Intennediate Copper Lead Wires connect the switch leads to external leads. The in· 
termediate leads are spotwelded to the switch leads and silver soldered to the external 
leads. 
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glass-te-metal seal. The joint is resistant 
to high temperatures and has low elec­
trical resistance. 

First, the iron-alloy leads that protrude 
from the glass switch capsule (see figure) 
are trimmed to a length of 1/8 in. (3.2 mm). 
Next, one end of each copper wire is silver 
soldered to one of the external leads at the 

point where it enters the housing. The 
other end of each wire is spotwelded at a 
right angle to one of the iron-alloy switch 
leads. The switch leads are then trimmed 
to a final length of 1/16 in. (1.6 mm). 

With the bonding method, a reed 
switch can be installed with a solenoid 
valve in a small, lightweight package. The 

switch provides an indication of the open 
or closed position of the valve. 

This work was done by Rudolf Kamila 
of Consolidated Controls Corp. for 
Johnson Space Center. No further 
documentation is available. MSC-20675 

Highly Stable Microwave Resonator 
Superconducting walls on a sapphire-filled cavity make a low-loss device. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 

Apertures 
for Probes 

~~~;$i!S:~~~_ Spring 
Washers 

o 1 2 3 4 Scm 

Figure 1. The Lead-Coated Sapphire Cylin­
der is mounted in a lead-plated copper-<:on­
taining cavity, which is inserted in abath of 
liquid helium. Microwave signals are trans­
mitted into and out of the cylinder through 
the probe ports. 

All improved microwave resonant ca­
vity consists of a sapphire cylinder coat· 
ed with a thin film of superconducting 
lead (see Figure 1). Operated well below 
the superconducting transition tempera­
ture at 1.5 K, the cavity demonstrated 
superior frequency stability and quality 
factor. The quality factor Q (a figure of 
merit equal to the ratio of reactance to 
resistance) is more than 2 x 1()9 in the 
TEoll mode at the resonant frequency of 
2.689 GHz. The cavity frequency is high­
ly stable and therefore this cavity is 
suitable for use in standard frequency 
generators and in filters. 

The oscillator can be no more stable 
than the resonant frequency of its cavity. 

Figure 2. A Mechanism Tums the Sapphire 
Cylinder while lead vapor condenses on it. 
Two sources of lead and controlled rotation­
al speed ensure the uniform lead film thick­
ness that is essential to the extraordinary 
performance of the cavity. Spring washers 
on rods prevent deposition on two circular 
apertures that will serve as the probe ports. 
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For workstations that 
thrive in a multivendor 

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

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

Full UNIX System V compatibility. 
HP's technical workstations use AT&T's System V 

UNIX operating system with Berkeley 4.2 enhancements 
and HP improvements. The result is a standard tuned to 
the workstation environment with windowing, real-time 
VO extensions, graphics, six languages and other extras. 

The networking you need. 
HP offers the networking to unify design, test, manu­

facturing, and technical office automation in your company. 
You'll have ARPA and Berkeley services and TCPIIP on 
Ethernet·· and IEEE 802.3 to provide connectivity with 
IBM, DEC, and other vendors' products. 

AI power without special AI machines. 
You get everything you expect in a multipurpose 

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

Wide range of graphics solutions. 
The choice is yours ... from low-cost monochrome to 

high-resolution color monitors ... from simple report 



1UD UNIX*systems and 
environment, talk to UP. 

graphics to 3D solids modeling. There are industry stan­
dards like GKS and ANSI Computer Graphics VIrtual 

Device Interface (CG-VDn, to protect your investment 
by ma1cing your existing software portable. HP's acceler­

ated graphics solutions are highly modular, so you can 
upgrade whenever you choose. 

Hundreds of application packages. 
Specialized technical applications? No problem. HP's 

application packages include logic and analog CAE, PCB 
CAD, microprocessor software development, 2D design 
and drafting, 3D solids modeling and finite element anal­
ysis, documentation and report generation, and database 
management. New software packages are constantly being 
added for an even larger selection. 

HP- protecting your investment. 
Buying HP's solutions is not only a smart decision 

initially, but it provides the added benefit of lower cost 
of ownership that reflects our commitment to quality and 
service. For more information, call your local HP sales 
office listed in the telephone directory white pages. 

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

For on-line information 24 hours a day, use your com­
puter, modem, and HP's DATA-LINE. Dial 1-800-367-7646 
(300 or 1200 baud, 7 bits even parity, 1 stop bit) . 
In Colorado call 1-800-523-1724. 

"UNIX is a tndemark of AT&T. ··Ethernet is a tndemark of Xerox Co!pOr8tion. 

HEWLETT 
PACKARD 

DSIj60'B 
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Therefore, dimensional stability is crucial 
to oscillator stability; the dimensional 
response to changes in temperature and 
to tilt with respect to gravity should be 
minimal. In the new cavity, the mechan­
ical and thermal-expansion properties 
are those of sapphire, and the supercon­
ducting film seNes as a low-loss cavity 
wall. The dimensions of the supercon­
ductor-on-sapphire cavity are distorted 
by temperature less than 11100 as much 
as those of a bulk niobium cavity, and 
they respond to tilts less than 1/10 as 
much. 

The sapphire is a right circular cylin­
der, with equal length and diameter of 
4.82 cm. Axial posts extending from 

each end seNe as supports. While the 
cylinder was rotated on its posts in a 
vacuum deposition system, a smooth, 
fault-free film of 99.9999-percent pure 
lead was evaporated from two molybden­
um boats at 45 0 angles from the central 
plane of the cylinder (see Figure 2). The 
boats were connected in series with a 
power supply. The rates of evaporation 
were matched by adjustment of a shunt 
across one of the boats. The rates were 
monitored individually by deposition on a 
quartz oscillator directly above each 
boat. The cylinder was turned at 33 
revolutions per minute and a uniform film 
of sufficient thickness was obtained after 
10 minutes of evaporation. 

Electronically Tuned Microwave Oscillator 
Features include low phase noise and frequency stability. 

NASA 's Jet PropulSion Laboratory, Pasadena, California 

Figure 1. This Electronically Tuned Microwave Oscillator includes an npn bipolar transistor in a 
common-collectorcircuit as a negative-resistance device. The mechanically adjustable dielec­
tric resonator enables a coarse frequency adjustment. 

A bias-tuned, low-phase-noise micro­
wave oscillator circuit is based on an npn 
bipolar transistor and a dielectric res­
onator. Operating at a frequency of about 
8.4 GHz, the oscillator can be adjusted to 
give low phase noise. relatively flat power 
output versus frequency. and nearly linear 
frequency versus bias voltage. 

The oscillator (see Figure 1) is laid out on 
an alumina substrate in a common-collec­
tor configuration to facilitate heat transfer 
from the transistor to the heat sink. The 
transistor is conseNatively biased at about 
60 percent of its rated voltage and current. 
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The dielectr ic resonator is made of 
(ZrSn)TiOg• which has a dielectric constant 
of 38 and an unloaded ratio of reactance to 
resistance (Q) of about 6.000 at 6 GHz. The 
resonator is placed on a 65-mil (1.65-mm) 
quartz spacer and coupled to the base mi­
crostrip line by placing it abGut a quarter 
wavelength from the transistor base termi­
nal. The exact position has to be adjusted 
because it is critical in determining the Q 
under load. electronic tuning range. and 
the power output. 

The resonator includes a mechanically 
adjustable metal tuning disk that provides a 

The surface resistance of the lead film 
closely matches that predicted by theo­
ry. The residual resistance is small , indi­
cating that losses at the lead/sapphire in­
terface are quite small. Moreover, since 
most of the low loss can be accounted 
for by dissipation in the film, absorption in 
the sapphire is believed to be exception­
ally low. 

This work was done by Donald M. 
Strayer, Sarita Thakoor, G. John Dick, 
and James E. Mercereau of Caltech for 
NASA's Jet Propulsion Laboratory. 
For further information, Circle 60 on the 
TSP Request Card. 
NPQ-16663 

frequency adjustment of about 70 MHz per 
turn over the range of 8,387 to 8.601 MHz. 
Electronic tuning (see Figure 2) alters the 
transistor characteristics to provide a fre­
quency adjustment, the characteristics of 
which depend on the resonator adjust· 
ments. For example, the resonator can be 
loaded to an estimated Q of 300 to provide 
about ± 1.75 MHz of nearly linear tuning 
on either side of a middle frequency of 
8,417.75 MHz when VFC is varied between 
- 20 and + 8 V. (The frequency sensitivity 
in this case is - 125 kHz/V). The output 
power over this range varies less than 
0.8 dB from a nominal level of - 7.5 dBm. 
Similar results are obtained with a loaded 
Qof 500. 

In the Q ::: 300 condition. the single­
sideband phase-noise spectral density (rel­
ative to the carrier power) at 1 KHz from 
the carrier was measured at - 75.3 dB/Hz. 

5.6 kQ Ground 

10kQ 8 

VFC 
(-20V to +20V) 

·VEE 
(-14 V. 45 mAl 

Figure 2. The de Component of the Tran­
sistor Base Voltage is determined by the 
frequency-control Voltage. VFC' and the net­
work of bias resistors. In combination with 
the dielectric·resonator adjustments. this 
bias network enables the oscillator frequen­
cy to vary nearly linearly with VFC. 
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- 71.5 dB/Hz, and - 71 .2 dB/Hz at V FC of 
- 20, 0, and + 8 V, respectively. Oose to 
the carrier, there is a 30 dB/decade flicker 
frequency-modulated noise characteristic. 
The compromises among the dielectric-

resonator, electronic-tuning, and phase­
noise characteristics can be combined 
with temperature compensation to meet 
digital·radio requirements. 

This work was done by Mysore 

Switching Circuit Regulates Solenoid Current 
The efficiency is high, yet the ripple current is relatively low. 

Marshall Space Flight Center, Alabama 

By switching current pulses on and off, a 
circuit regulates the current in a solenoid 
valve. The regulation is independent of 
temperature. The switching regulator is 

much more efficient than the linear regula· 
tor it replaces, dissipating 0.075 watt ver­
sus 17.7 watts for the linear circuit. The new 
circuit requires no heat sink and is there-

Supply 
Voltage 

Siemens BUZ 71 
(or Equivalent) 
Power FET's .......... ....... ......., 

OpIUllalioalc ....... 
Voltage 

Amplifier 

Comparator 

LS 

RS 

I Solenoid 
~ ____ ... +current 

Reference 
Voltage 

Sensing 
Resistor 

Figure 1. The Switching Regulator repeatedly causes the solenoid current to build up to a 
maximum level , then to decay to a minimum level : thus the current ripples about a com· 
manded Intermediate level. The FET's dissipate significant amounts of power only during 
the brief turn-on and turn-off intervals. 

Signal Amplitudes 
In 

Arbitrary Units 

Voltage Across 
Series Combination 
of Solenoid and 
Sensing Resistor 

Amplified 
Comparator 
Output 

Figure 2. These Oscilloscope Traces (redrawn from a photograph for clarity) were taken 
from the circuit of Figure 1. These traces show the short turn-on and turn-off times that limit 
the power dissipation of the circuit. 
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Lakshminarayana of Ca/tech for NASA's 
Jet Propulsion Laboratory. For further 
information, Cffe/e 160 on the TSP Request 
Card. 
NP0-16836 

fore more compact. Its parts cost no more 
than those of the linear regulator. 

The solenoid current generates a vol· 
tage by passing through a senSing resistor 
(see Figure 1). This voltage is compared 
with a reference voltage that is proportion­
al to the commanded solenoid current. The 
comparator produces a high or low vol· 
tage at its output terminal, depending on 
whether the sensed solenoid current is 
low or high, respectively. 

The comparator output is amplified by 
a direct-coupled voltage amplifier and fed 
to a power field·effect transistor (FEn. 
The FET accordingly turns the supply vol­
tage to the solenoid on and off so that the 
solenoid magnetic field repeatedly builds 
up and collapses at a rate that tends to 
keep the solenoid current near the com­
manded value. A power diode clamps the 
flyback pulse and enables the continua· 
tion of the solenoid current during the 
decay period. In a laboratory version of 
the circuit, the solenoid current exhibited 
a 12(}mA peak-ta-peak ripple about the 
commanded dc value of 0.75 A, with a 
buildup time of about 600 IJS and a decay 
time of about 320 IJS (see Rgure 2). 

A remarkable feature of the type of 
power FET selected for the circuit is that it 
has an extremely low "on" resistance -
no more than 0.1 ohm. This accounts in 
part for the low power dissipation of the 
circuit. 

Another power FET of the same type is 
the master switch that connects the sup­
ply voltage to the circuit. It is turned on by 
a light pulse to a photovoitaic optoelec­
tronic isolator. (The isolator acts as a float­
ing voltage source, and the light pulse 
generates the voltage.) Since the power 
FET has an ample 8.2-ampere continuous 
current rating , it can drive additional 
regulators in parallel. The combination of 
the power FET and isolator can also be 
used as an electronic relay. 

This work was done by Richard A. 
Simon of Rockwell International Corp. for 
Marshall Space Flight Center. No fur­
ther documentation is available. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, Mar­
shall Space Flight Center [see page 18]. 
Refer to MFS-19904. 
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Electronically Controlled Resistor Bank 
Resistance is quickly varied in small steps over a wide range. 

Marshall Space Flight Center, Alabama 

A device with no moving parts provides 
a variable electrical resistance. It can be 
used with analog or digital circuity to pro· 
vide electronic selection of any of a large 
number of resistance values for testing, 
Simulation, control , or other puriXlSes. The 
nearest electromechanical equivalent of 
the all-electronic device is a potentiometer 
driven by a servomotor. 

The device (see figure) includes n + 1 
resistors connected in series, in a binary 
sequence of resistance values R, 2R, 4R, ... 
2nR. Each resistor is shunted by a power 
field-effect transistor (PFEl), which has a 
low "on" resistance. The overall resist· 
ance of the chain of resistor/PFET pairs is 
controlled by using the PFET's to short out 
selected resistors. 

The gate of each PFET is connected 
through an optoelectronic isolator to the 
output of one stage of a flip-flop register. 
When one bit of the register is set (accord­
ing to its digital input), the register output 
switches to the state that turns off the as­
sociated PFET, thereby turning off the 
shunt around the corresponding resistor 
and adding its resistance to the series total. 

Fllp·Flop 
Register 

1r;1 
I 
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• • • • 
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~J 

Optoelectronic 
Isolators 
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• • • 
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:::? 

+v 

• • 
• • 
• • 
• • 

• • • 
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2R 

4R 

} 

Overall 
Resistance 
Measured 
Here 

The bits in the register are arranged in 
the same order as that of the resistors: the 
least significant bit controls the resistance 
R, while the most significant bit controls the 
resistance 2nR. Thus , the overall 
resistance of the chain is determined by 
the binary word in the register and can be 
varied in steps of R from nearly zero - all 
PFET's on - to (2n+ 1 - 1)R - all PFET's 
off. 

Selected Resistors In a Series Chain are electronically shunted by PFET's to delete their 
values from the overall resistance of the chain. 

The overall resistance changes almost 
instantaneously with a change in register 
contents. Therefore, the resistance can be 
varied as a function of time by sending a 
sequence of binary words to the register. 
The overall resistance can also be varied in 
response to a changing analog voltage; in 

this case, an analog-to-digital converter 
samples the analog voltage, and its output 
is fed to the register. A timing circuit fre­
quently restarts the analog-to-digital con­
version so that any change in the analog in­
put is quickly reflected in a change of 

resistance. 
This work was done by Walter L Ross of 

Rockwell International Corp. for Marshall 
Space Flight Center. For further informa­
tion, Circle 95 on the TSP Request Gard. 
MFS-29149 

Computerized Torque Control for Large dc Motors 
The speed and torque ranges in the generator mode are extended. 

Marshall Space Flight Center, Alabama 

A system of shunt resistors, electronic 
switches, and pulse-width modulation con­
trols the torque exerted by a large, three­
phase, electronically commutated dc 
motor. The system is particularly useful for 
a motor operating in the generator mode 
because it extends the operating range to 
low torque and high speed. 

30 

In the motor mode, the power-supply 
switch (S4) is closed, while the shunt­
resistor switch (S~ is open (see figure). As 
the shaft rotates, Hall-effect devices select 
pairs of switches that determine the cur­
rent path through the windings. At any in­
stant, one of the lower motor switches (SD' 
SE' or SF) is closed, while one of the upper 

motor switches (SA' SB' or 8c) is driven on 
and off by a pulse-width modulation Signal 
with a duty cycle controlled by a computer. 
When the upper motor switches are all 
open, the inductively driven, decaying cur­
rent flows through one of the shunt diodes 
on one of the lower switches. The induc­
tive/resistive time constant of the motor 
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100 YEARS OF EXPERIENCE 
BRIDGES THE GAP. 

For over 100 years, our name has meant 
quality in machine tools. Over the years, 
we've learned not only how to make quality 
machine tools, but how to engineer them for 
each industry's unique needs. 

That's how we made the T3886 Gantry 
Robot, for the unique needs of the automo­
tive/aerospace industries. 

It is the combination of everything we've 
learned not only about machine tools but 
about robots, too. It's a gantry unlike any the 
aerospace/automotive industries have seen. 

It is exceptionally strong with rigid 
machine tool type construction, giving it a 
load capacity of 200 Ibs with a velocity of 40 
ips and a repeatability of + /-0. 010 in. 

It is extraordinarily flexible with a 
unique three-roll wrist and six servoed axes. 
It can do things that robots with other wrist 

configurations cannot. 
It is precise. Each axis is powered by its 

own DC motor and drive system with feed­
back devices to measure the absolute position. 

It is dependable. And it's simple. The 
user can program over 10,000 points in 
memory with a hand-held teach pendant or 
use our RaPS offline programming system. 

In all, the r3886 is everything you 
would expect from the company that has 
been supplying quality machine tools to 
American industry for over 100 years. 

It's the gantry that finally bridges the 
gap between the acceptable and the ex­
ceptional. For information, call 513-841-
6200. Or write Cincinnati Milacron, 
4701 Marburg Avenue, Cincinnati, 
Ohio 

YOUR COMPETITIVE ADVANTAGE IN AUTOMOTIVE/AEROSPACE. 

©D~©D~~liD 
MILACRON 
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filters the current fluctuations, thereby 
smoothing out the torque fluctuations pro­
duced by switching. 

At the transition to the generator mode, 
the duty cycle of all three upper motor 
switches goes to zero; that is, they remain 
open. The three lower switches continue to 
operate as before, with a duty cycle of 1. As 
the system goes deeper into the generator 
mode, the upper switches remain open, 
and the lower switches are alternately 
turned off for short periods; that is, they 
begin to operate at a duty cycle less than 1. 

As in the motor mode, this duty cycle 
can be varied in the generator mode to 
control the torque. In the generator mode, 
S4 is opened, and S5 is closed to connect 
Rs' which is one of the shunt resistors R" 
R2, or R3. Analysis shows that for a suffi­
ciently large inductive-decay time con­
stant, the torque in the generator mode is 
given approximately by 

Shunt Resistors 

RS ---

T = KTVB/[RM + (1 - W)RsJ 
where KT = the torque-to-current ratio of 
the motor, VB = the back electromotive 
force of the motor, RM = the winding 
resistance, and W = the duty cycle. 

The Shunt Resistor and the Motor-Switch Duty Cycle are selected by a computer (not shown) 
to obtain the desired motor torque and a safe voltage across the shunt resistor. 

Thus, the torque can be decreased by 
decreasing W or increasing Rs. However, 
one cannot arbitrarily select any combina­
tion of Wand Rs: as the motor speed in­
creases, VB and the voltage across Rs also 
increase, and may become too large for 
the circuit to handle. When this occurs, a 
lower value of Rs must be selected. That is 
why S" S2' and S3 are provided to select 

different shunt resistances R" R2, and R3. 
To maintain the continuity of torque 

while switching shunt resistors, the com­
puter must adjust the duty cycle to main­
tain the continuity of (1 - W)Rs. For exam­
ple, if the duty cycle is W 1 when operating 
with Rs = R" then the duty cycle must be 
changed to W2 = 1 + [(W, -1)R,/R2] 
when the shunt resistor is changed to R2. 

FM-tO-Digital Converter 
A circuit includes an array of low-cost multivibrators. 

Ames Research Center, Moffett Field, California 

An inexpensive circu it converts a 
frequency-modulated (FM) signal into a 
digital signal. The circuit consists of a 
zero-crossing detector and a series of 
monostable multivibrators and Ootype 
flip-flops (see Figure 1). 

The zero crossings of the FM input are 
detected and converted to pulses at a 
voltage compatible with transistor/tran­
sistor logic. These pulses are fed to the 
monostable multivibrators and flip-flops. 
The positive-going edge of a pulse 
changes the output of a multivibrator 
from its normal 1 to a O. The duration Tj of 
the 0 output of each multivibrator equals 
that of its predecessor in the chain minus 
a small decrement of time: Tj +' = Tj - AT. 
In a chain of N monostable/O flip-flop 
pairs , T, is half the reCiprocal of the 
lowest frequency to be detected, and 
TN is half the reciprocal of the highest fre­
quency to be detected. 

When a multivibrator returns to its 
logiC 1 state, it clocks the zero-crossing 
32 

data from the input to the output of its flip­
flop. If the duration of a zero-crossing 
pulse is shorter than the duration T k of the 
logiC 0 state of the kth multivibrator, a 
logic 0 will be clocked out of flip-flop Ok' If 
the zero-crossing pulse is longer than Tk, 
a logic 1 is clocked out of flip-flop Ok' In 
the example of Figure 2 , the zero­
crossing pulse is shorter than T 2 but 
longer than T 3' signifying a frequency 
somewhere between 1/(2T 2) and 1/(2T:J. 

The pattern of 1 's and O's on the flip­
flop outputs thus represents the input fre­
quency. As the frequency increases, the 
zero-crossing pulses grow shorter and 
the pattern changes, as indicated in the 
truth table. The more multivibrators there 
are, the more patterns there will be and 
the more precisely the input frequency 
can be resolved. 

The circuit might also be used to con­
trol a filter. As frequency changes are 
detected, the binary output could be fed 
to an attenuator or amplifier to reduce or 

Such a calculation is needed only once 
each time the shunt resistor is changed. 

This work was done by Richard M. 
Willett, Michael J. Carroll and Ronald V. 
Geiger of Martin Marietta Corp. for Mar­
shall Space Aight Center. For further in­
formation, Circle 137 on the TSP Request 
Card. MFS-28169 

O·Type 
FIlp.Flops 

TRUTH TABLE 

ON 0 3 020, 

F , 1 1 1 
F2 , 1 0 

Ff~~~~~CY F3 1 0 0 

FN 1 0 0 0 

o Fllp·Flop 
OutPUll 

Figure 1. The Pattern of Ones and Zeros on 
the fl ip-flop outputs represents the input 
frequency. The truth table shows a pattern 
for four pairs of multivibrators; many more 
of these inexpensive chips could be used in 
a real circuit for greater resolution. 
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APTEC 1/0 COMPUTERS 
KEEP YOUR SYSTEM 

IN DYNAMIC BALANCE! 
Integrate an Aptec 110 Computer 
with your VAX™NMS TM host or 
other system, and you harness 
the power of high-speed data 
transfer that makes supercom­
puting and real-time solutions 
affordable. 

By relieving the host of I/O 
tasks, Aptec I/O Computers (IOC) 
can achieve huge system through­
put improvements at a fraction of 
the cost of a more powerful host. 

Imaging, simulation, signal pro­
cessing, and real-time applica­
tions are nON using the Aptec 10C 
to create minisupercomputer 

environments from VAX hosts and 
mu~iple high-speed subsystems 
like array processors, AID con­
verters. and IBIS disks. 

The Aptec 10C-24 and new 
10C-200 transfer data at rates of 
up to 24 and 200 MB/sec, 
respectively. Their versatility and 
modularity let you easily recon­
figure them to maintain peak I/O 
as your needs evolve. 

Proof of Aptec system viability 
and support: repeat customers 
like Boeing, G.E., Hughes Aircraft. 
Lockheed, Martin Marietta, Naval 
Research Labs, TRW, and many 
more. When the objective is to 

achieve supercomputing speeds 
at affordable cost. or to develop 
demanding real-time systems, it 
all revolves around Aptec. 

For product literature, or 
to subscribe to Dimensions, 
our quarterly technical publi­
cation, call Aptec today: 
1-800-552-7832. 

Po. Box 6750 
Portland, Oregon 
97228 
(503) 626-9000 
Telex: 467167 

APTEC 
SVSTEIVIS 

THE I/O COMPUTER LEADER 

OEM arrangemenls avaIlable VAA and VMS are Irademar1<s 01 DIgItal EqUlpmenl CorporallOn. Copynghl Cl987 Aplec Computer Syslems. Inc 
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TIme 

104 2 22 STANDARD PACKAGES 
FOR TEMPERATURE 

ASSEMBLIES. 

OUIPU_' --t--"""' ...... "-- -'====::L- .!.::::======== 

0, 

Specify your temperature probe assembly 
from 22 packages, 12 lead materials, 9 
thread sizes, 6 assembly materials, 5 con­
nectors, and 58 thermistors with 99.995% 
reliability. All standard. If these don't 
meet your needs, we'll make a custom 
probe from your drawing. Send for our 
catalog. Or call toll-free, BOO 343-4357. 

Ou,pu.' +~+ ___ .... _ ..... -==--=--=--=--....... __ _ 

02 QU'PU;.,' +....1..+ _______________ _ 

03 

Yellow Springs Instrument Co., Inc. 1I 
Yellow Springs, Ohio 45387 

QU'PU';....,.....;. ...... _________ .......... =--=--""""~ 

Phone 513 767-7241 · Tele1205437 VBI 
ON 

Outpu_, +-"'-_________ ---1 ..... ____ _ 

Circle Reader Action No. 448 Reset 
Signa' 
~----------~~-----

increase the gain; unwanted frequencies in a signal would thus be 
suppressed. 

The multivibrator circuit offers important advantages over other 
ways of converting FM signals to binary signals. Compared with 
phase-locked loops and constant-energy, pulse averaging circuits, 
it has fewer components and responds more quickly. 

Figure 2. The TIming Relationships between the zero·crossing 
pulses and the logical-zero output intervals of the monostable mul· 
tivibrators determine the pattern of ones and zeros at the outputs. 
Here, the frequency lies between f2 = 1/(2T2) and f3 = 1/(2T3). 

This work was done by Michael Moniuszko of Arne. Research 
Center. No further documentation is available. 

Inquires conceming rights for the commercial use of this 
invention should be addressed to the Patent Council, Ames 
Research Center [see page 18}. Refer to ARC-11172. 

ZnSe Films in GaAs Solar Cells 
ZnSe may increase efficiency and conserve material. 

NASA 's Jet Propulsion Laboratory, Pasadena, California 

Two proposed uses of zinc selenide 
films promise to boost the performance 
and reduce the cost of gallium arsenide 
solar cells. According to the proposal, 
ZnSe can serve as a surface-passivation 
layer and as a sacrificial layer that would 
enable the repeated use of a costly GaAs 
substrate in fabrication. 

Currently, a GaAs cell is passivated by 
growing a 3(X}nm film of aluminum gallium 
arsenide on the front surface. A film of the 
approximate composition Alo.aGao.2As is 
formed by metalorganic chemical·vapor 
deposition or by liquid·phase epitaxy at 
temperatures between 700 and 800 °C. 
However, the film gradually deteriorates 
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under the influence of moisture and oxy­
gen. It becomes difficult to form a stable, 
reproducible, low-resistance contact on 
the surface. In some cases, a thin oxide 
surface layer caused by prolonged expos· 
ure to air may not be optically compatible 
with various antireflective coating materi· 
als. Moreover, etching the oxidized surface 
may alter the optical properties of the un· 
derlying material. 

The substitution of ZnSe for t>JOfjGao~ 
would overcome these disadvantages. 
The lattice structure of ZnSe matches that 
of the GaAs substrate. The ZnSe is ex­
pected to paSSivate effectively while enabl· 
ing a low· resistance contact to be formed. 

The dark saturation current should be 
reduced and the open·circuit voltage in· 
creased, and the cell efficiency should rise 
as a result. A further benefit is that the 
refractive index of ZnSe is substantially 
smaller than that of GaAs - 2.9 versus 
3.4. Thus, the ZnSe film would reduce 
reflection from the cell, and it might not be 
imperative to apply an anti reflect ive 
coating in a separate step. 

Zinc and selenium are already used as 
dopants in GaAs solar cells. The same 
chemical'vapor-deposition apparatus now 
used to dope the cells with zinc and 
selenium could be used to form the ZnSe 
layer as well. 
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The close match of the crystal struc­
tures of ZnSe and GaAs would be further 
exploited in the other proposed applica­
tion - using ZnSe as a preparation layer. 
A thin film of ZnSe would be applied to the 
GaAs substrate. Layers of n-type and 
p-type GaAs would be deposited on the 
ZnSe film, forming the active region of the 
solar cell. 

A! this point, the entire cell would be 
dipped in a 6(}percent nitric acid solution. 
Only the ZnSe layer would dissolve, freeing 
the active GaAs region from the GaAs sub­
strate. (Alternatively, the ZnSe could be 
etched away photochemically.) 

Consisting only of the active region, the 
resulting solar cell would be ultrathin and 
ultralight. A new substrate would not be re­
quired for each cell; the same substrate 
would be used repeatedly as the base for 
the fabrication of the active regions of 
many cells. Only about 10 to 15 f.IITl at the 
surface of the substrate would have to be 
removed after each use to restore its can· 
dition. 
This work was done by Ram H. Kachare of 
Caltech for NASA's Jet Propulsion lab­
oratory. For further information, Orcle 115 
on the TSP Request Card. NPO-16900 

Books and Reports 

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

More on Effects of Radia­
tion on Electronics 
A bibliography is expanded. 

A third volume in a series of bibliogra­
phies on radiation effects on electronics 
covers the years 1982 and 1983. Previous 
volumes covered the more recent interval 
of 1984 and 1985. 

The volume summarizes the literature 
on the effects of total doses of radiation 
and of test enVironments. The devices 
range from simple Zener diodes to compli­
cated integrated circuits. Although the pri­
mary focus is on silicon, other semicon­
ductor materials are included - GaAs 
and HgCdTe, for example. 

.Abstracts of 273 publications are pre-­
sented. They are organized in alphabetical 
order by names of prinCipal authors, in the 
following four categories: 
1. Dose-rate effects, 
2. New technology, 
3. Post-irradiation effects, and 
4. Test environments. 

Many abstracts are the authors' origi­
nals. However, where the originals are 
lenghty or vague, they have been edited for 
use by radiation·test engineers and to fit 
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New Products 
the standard format of the bibliography. 
The abstracts are primarily from U.S. 
sources, some are from British publica­
tions, and there are several translations 
from foreign-language publications. 

This work was done by Frank L Bouquet 
of Ca/tech for NASA's Jet Propulsion 
Laboratory. To obtain a copy of the report, 
"Bibliography of Total Dose Radiation Ef­
fects on Bectronics - Volume III, " Orc/e 
24 on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this inventjon should be ad­
dressed to the Patent OJunsel. NASA Resi­
dent Office-JPL [see page 18]. Refer to 
NPO-17019. 

An 8-channel high speed direct writing re­
corder has been announced by Astro-Med, 
Inc., West Warwick, RI. The Model MT·9500 
has a real-time frequency response of 5 kHz, 
and uses low-cost, readily available thermal 
paper. With transient capture capability, the 
MT·9500 allows the user to obtain "instant 
slow-motion replay," with an effective chart 
speed of 1000 mm/sec. The recorder prints 
both the waveform data and the chart grid 
simultaneously. Circle Reader ServIce 
Number 490. 

BENDIX 
FREE FLEX® PIVOTS 

FRICTION·LESS 
ANGULAR TRAVEL 

BEARINGS 

This patented pivot fills needs that lubricated bearings can't meet. With no required 
lubrication, operation in a vacuum or super clean area is possible. No rubbing sur­
faces permit the pivot to operate in unclean atmosphere and eliminate dis~dvantages 
offretting and stiction.lts radial design provides low hysteresis, center shift and ther­
mal drift. Operating through springs with low cyclic stress, indefinite life can be. ob­
tained making the pivot ideal for those hard to get at critical areas of your deSign. 

Some typical applications are: OSCillating mirrors, lever linkages, instrument nUll­
ing, weighing machines, bearing preloading, gimble rings, gyros, scanners, fuel con-
trols, pressure and vibration transducers, etc. . . . 

With either cantilever or double ended support configuration, the Free Flex! Pivot 
has answered many difficult engineering requirements where reliable long-life angular 
travel is necessary. 

When asked, "What do you like the most about Free Flex! Pivots?", engineers 
answer, "THEY WORK'" 

Distributors located throughout United States and Europe maintain a stock of pivots 
from lIaR diameter to 1" diameter. For more information contact: 

Manager Flex Pivot, Marketing • Allied Corporation • Bendix Fluid Power Division 
211 Seward Avenue, P.O. Box 457 • Utica, New York 13503 

Bendix 
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Data Bus Adapts to Changing Traffic Level 
Access becomes timed when collisions threaten. 

Goddard Space Flight Center, Greenbelt, Maryland 

A two-mode scheme is used to grant ter­
minals access to a data bus. The scheme 
causes the bus to alternate between ran­
dom accessibility and controlled accessi­
bility to optimize performance and adapt to 
changing data-traffic conditions. The bus is 

part of a 1 (x}Mbls optical-fiber-packet data 
system. 

When traffic on the bus is light, the 
random-access mode allows the most ef­
fic ient use of the bus . When traffic 
increases, the bus changes to the con-

No Signal Present 

trolled-access mode, which gives all ter­
minals an equal opportunity to send data, 
even in the heaviest traffic. 

The figure is a state diagram of the 
scheme. In the random-access mode, any 
terminal can use the bus whenever it 

Collision Signal 
Initialize 
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Random Mode: 
Medium Act ive 

Data Present 
and Ready 

lor Transmission 

Collision 
Signal 

Transmit 
Data Packet 

Delay 
Expired 

No Signal 
__ ...t....----... Present 

Transmit Jamming 
Signal and 

Stop Transmission 

No Signal 
Present 

Delay One 
Time Slot 

Random Mode 
Medium Active 

No Signal 
Present 

Delay 
One Time Slot 

Da ta Presen t and 
Ready for Transmission 

No Signal Present 

Signal 
Presen t 

Reset 
Count 

Delay One 
Time Slot 

No Signal Present 

Collision 
Signal 

Increment 
Time-Slot Count 

Defer 

Collision 
Signal 

Collision 
-Wait-

Signal 
Present 

Random Delay 

Time·Slot Mode: 
Medium Active 

Increment Time Siol 

Signal Present Count,;. 32. '" Address Count = Address 

TransmiSSion 
Completed 

Time-Slot Mode: 

'---------; Transmit Data Packet 14--D- a- t-a-p-re-s-e-nt- a- n-d.....J 

Ready for Transmission 

Count = 32 
(Highest Address) 

This State Diagram illustrates the controlled- and random-access protocols and the transit ions between them. 
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NEe 
He·8 CCD COLOR CAMERA 

2-X-20UNC 
Depth (malC. 7) 

= = = = = = = = = = = = 0 

OUR DESIGN FITS 
YOUR SPECS. 

NEC invites you to take a look inside the 
NC-B single chip color camera - the camera 
designed with your specifications in mind. 
With the lightweight, flexible NG-S, you get 
high definition and resolution, very low lag 
and no bum 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 
of settings. 

NEC, the world's largest manufacturer of 
semiconductors, offers an entire line of solid 
state industrial cameras-all high quality, hard­
working products from a respected source. 

NEe 
IMAGINE WHAT WPLL DO FOR YOU 

SpecHleatlons 
Pickup 
Number of picture element 
SIN ratio 

Resolution 

Sensitivity 
Minimum illumination 

White balance aOfUstment 
Lens mount 
Power consumption 
Weight 

Unit:mm 

CaC 
COMPUTERS AND COMMUNICAnONS 

Interline transfer type CCD x1 
H427xV492 
47dB (illuminance channel, 
standard recording conditions, 
AGC: off) 
Horizontal: 280 lines 
Vertical: 350 lines 
1,600 Lux F4.0 
10 Lux F1.4 AGC: ON 
(20% signal output level) 
Manual/Remote 
C-Mount 
Approx. 6.5W (less than 9VA) 
Approx. 1.4kg [3.1 IbsJ 
(excluding lens) 

For more information about the NC-B, TI-22AII, TI-22PII and TI-26A industrial cameras, contact the Industrial 
Video Group, Broadcast Equipment Division, NEe America, Inc., 1255 Michael Drive, Wood Dale, IL 60191 
Toll free 1-800-323-6656. In Illinois phone 312/860-7600. 
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needs to send out a packet of data. If the 
bus is busy when a terminal requests it, the 
terminal automatically refrains from trans­
mitting until the bus is free. Of course, two 
terminals may sometimes gain access to 
the bus at the same time; in that case, their 
data packets are said to "collide" and are 
recorded as not having been sent. 

When such a "collision" occurs, all of 
the terminals in the network cease at­
tempting to transmit data, and the entire 
network changes to the controlled-access 

mode. In a preset sequence, each terminal 
is then allocated its own 1.6-~ timeslot, 
during which it can gain access to the bus. 
When a terminal needs to send a mes­
sage, it must wait until its timeslot comes 
up to do so. After the terminal has ended its 
transmission, the sequence of timeslots is 
resumed. The terminal that recently trans­
mitted may not use the bus again until all 
the other terminals have been offered their 
timeslots. 

This strict control prevents a few ter-

Robot-Arm Dynamic Control by Computer 

IBM PC. XT and AT are trademarks of Internal,onal BUSiness Machines Corp. 
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minals from monopolizing the bus. When 
all timeslots have been proffered and all 
pending bus requests have been satisfied, 
the network reverts to the random-access 
mode. 

This work was done by Eugene Lew, 
John DeRuiter and Mike Varga of Sperry 
Aerospace and Marine for Goddard 
Space Flight Center. For further informa­
tion, 0rc/e 11 on the TSP Request Card. 

GSC-12967 

Feedforward and feedback 
schemes linearize responses to 
control inputs. 

NASA 's Jet Propulsion 
Laboratory, Pasadena, 
California 

A method for the control of a robot arm 
is based on computed nonlinear feedback 
and state transformations to linearize the 
system and decouple the robot end-effec­
tor motions along each of the cartesian 
axes in the workspace. The nonlinear feed­
back is augmented with an optimal 
scheme for the correction of errors in the 
workspace. 

The mathematical model of the robot 
arm is stated in homogeneous coordinates 
together with the Denavit·Hartenberg four­
parameter representation of robot-arm 
kinematics. Using the Lagrangian formula­
tion of mechanics, the dynamic behavior of 
the robot arm is expressed in matrixivector 
form and manipulated to obtain expres­
sions of the types previously found useful in 
nonlinear-control theory. 

The resulting dynamic-control mathe­
matical model satisfies the necessary and 
sufficient conditions for external (or exact) 
linearization and simultaneous output de· 
coupling. By using nonlinear feedback and 
a diffeomorphic transformation, the non­
linear system of dynamical equations is 
converted into a Brunovsky canonical form 
and simultaneously output-decoupled. 

The linearization accomplished here by 
nonlinear feedback is an "external 
linearization" as opposed to the conven­
tional "internal linearization" (Taylor-series 
expansion). That is, the nonlinear charac­
ter of the original system is not changed 
here by any approximation. Therefore, 
system linearization by nonlinear feedback 
can be called "exact linearization" in a 
control sense. 

The linearized system is unstable. To 
stabilize it, a linear feedback loop is added. 
As long as the feedback matrix is constant 
and block-diagonal, the system will remain 
an output-decoupled linear system. 

A major new feature of the control meth­
od is that the optimal error-correction loop 
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directly operates on the task level and not 
on the joint-servocontrol level. The task­
level errors are then decomposed by the 
nonlinear-gain matrix into jOint-force or 
jOint-torque-drive commands. 

The new control method performed well 
in computer simulations. The augmenta-

tion of nonlinear feedback with an optimal 
error-correcting control provides robust 
performance and assures acceptable 
tracking errors even when the dynamical 
parameters of the mathematical model of 
the robot arm are in error by as much as 30 
percent. 

This work was done by Antal K. Bejezy 
of NASA's Jet Propulsion Laboratory, 
Tzyh J. Tam of Washington University, and 
Yilong J. Olen of General Motors Corp. For 
further information, Orele 42 on the TSP 
RequestGard NF(}16742 

Portable-Beacon Landing System for Helicopters 
An X-band system brings all-weather landing capability to remote sites. 

Ames Research Center, Moffett Field, California 

A prototype beacon landing system 
(BLS) allows helicopters to make precise 
landings in all weather. The BLS can easi­
ly be added to existing helicopter avionic 
equipment and can readily be deployed 
at remote sites. Small and light, the 
system employs X-band radar and digital 
processing. 

On the helicopter, an X-band receiver 
and a small microprocessor operate in 
conjunction with a standard instrument 
landing system (ILS) and weather radar. 
On the ground, an inexpensive portable 
transmitter provides signals for reception 
by the airborne components. The ground 
station weighs only 70 pounds (32 kilo­
grams) and consumes only 30 watts of 
power. It can be set up by one person in 
10 minutes. 

To begin a BLS landing, a pilot ap­
proaches using conventional navigation­
al aids until the helicopter is within range 
of the BLS ground station. The ground 
station contains an X-band transponder, 
two microwave switches and their con­
trol circuitry, an antenna array, and a 
24-volt battery. Because antennas can be 
fairly small at X-band frequencies, the 
ground unit is only 85 cm high. The air­
borne antenna is even smaller, being 1.25 
inches (3.2 centimeters) high. The ground 
station produces four narrow, overlap­
ping beams oriented above, below, to the 
left of, and to the right of the desired flight 
path (see figure). The upper and lower 
beams indicate the helicopter glide slope. 
If the helicopter deviates from the desired 
slope, one signal increases and the other 
decreases in Illtensity. When the signals 
from both beams are of equal intenSity, 
the aircraft is following the proper slope. 
Similarly, the left and right beams in­
dicate the helicopter course. Deviation to 
the left or right of the proper course is evi­
dent in the relative intensities of the left 
and right beam signals. 

In addition, the station produces two 
wide sector beams. The BLS airborne 
processor compares the amplitudes of 
signals from those of the sector beams 
with Signals from the narrow beams and 
rejects signals of lower amplitudes than 
those of the sector beams. This elimi-
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BLS LOCALIZER BEAM CONFIGURATION 

Automatlc-Galn-Control 
Signal 

lO-dB 
Forward-Facing 

Antenna 

Receiver 

r---------------.----~ 
,....---< ILa Antenna 

Modulator Trigger 
Existing ILS Equipment 

Radar 
RecelverfTransmltter 

and Beacon 
Receiver 

Existing Radar 

AIRBORNE EQUIPMENT 

A Variety of Beams are pulsed sequentially by the ground station after an initial interroga­
tion by the weather radar of the approaching helicopter. (The upper and lower narrow beams 
do not appear here.) The airborne microprocessor processes the pulses to determine the 
glide slope, course deviation, and range. 
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e Special Introductory Offer For 
Apollo, H-P, and Sun Users 

e e e New Alsys 'lbo/set For 68000 Ada 
Builds Unique Project Environment 
Organizations serious about the 680XO 
architecture, and serious about working 
with the government, want a lot more than 
just validated Ada compilers. They want 
quality solutions; production quality com­
pilers and quality programming tools. 

Just what Alsys offers. Alsys' new 
68000 Ada Developer's Toolset includes: 
• AdaPROBE, a unique source-level sym­

bolic debugger and program viewer: 
• Cross-Referencer, an inter-unit cross­

referencing utility; 
• Reformatter, a pretty printing tool for 

reformatting source files to selectable 
conventions; and 

• AdaMAKE, an automatic recompilation 
facility. 
Consider, too, all those special Ada 

.. manager tools" that are part of the 
Alsys Version 3 compilation system: 
the Family Manager, the Unit Manager, 
and the Library Manager. 

Together, they implement the new 

Alsys Multi-Library Environment that 
allows teams of programmers to share 
thousands of logically organized 
compilation units. 

Alsys 68000 compilers are in a class 
by themselves; highest code quality, 
maturity, reliability, robustness, superior 
optimization technology, unexcelled error 
messages ... And now, with the new 
development tools, they are at the core of 
an Ada project environment unique in 
the industry. 

Here is our special INTRODUCTORY 
OFFER. Between now and October 31. 
1987, order any of our 68000 Ada 
compilers and we will include the com­
plete Toolset FREE. AdaPROBE, Cross­
Referencer, Reforrnatter, AdaMAKE. 

Ada is NOW. Alsys solutions are NOW. 
Call or write. 

In the us: Alsys Inc .. 1432 MaIO St .. Waltham. MA 02154 Tel : 16171890-0030 
In the UK: AlsysLtd .• Partndge House. Ne\\10wn Rd .. Henley-on-Thames. Oxon RG91EN Tel: 44 Q911579090 
In the rest of the world: AIS}'s SA. 29 Avenue de Versailles. 78170 La Celie Sl. Cloud. France Tel: 33 1]1 3918.12.44 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

The Many Facets of 

Quality 

rzJ 
YES. I'm Interested In your introductory Offer. Send more 
informatton on the Toolset and your 68000 compilers. 

Send me your free brochure. The Man)' Facets of Quality. 

, ame ____________________________________ _ 

COmpany __________________________________ _ 

Address __________________________________ _ 

City ________________ State __ -L.Z.Jp __________ _ 

Phone' ___________________________________ _ 

Alsys. Inc . • 1432 Main Street · Waltham . MA 02154 NTB 7-8/ 87 
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nates false course indications that would 
be generated by side lobes. 

Upon interrogation by the airborne 
weather radar in the approaching heli­
copter, the ground station sends its first 
pulses through an omnidirectional anten­
na, thus providing a wide-coverage reply 
as to landing-site position and identifica­
tion. It then sends pulses in sequence 
through the left-sector antenna, the upper 
and lower precision antennas, the right­
sector antenna, the left-sector antenna 
again, the left and right precision anten­
nas, and finally the right-sector antenna 
again. The intervals between succeeding 
pulses are 6 or 9 J-IS. The microprocessor 
counts the pulses and measures the in­
tervals to determine which pulse belongs 
to which beam. 

The airborne BLS antenna and recei­
ver are mounted in the helicopter ra­
dome. The 16-bit microprocessor ana­
lyzes the received X-band video signal to 
calculate the range, the course and glide­
slope deviation, and the automatic gain 
control for the receiver. The micropro­
cessor converts its deviation Signals to 
the ILS format, then feeds them to the ILS 
receiver, which uses them to control the 
autopilot and to display information to the 
pilot. The range information is displayed 
on the weather-radar screen or on a se­
parate digital display. 

In the absence of an interrogation 
Signal from an airborne weather radar, 
the beacon squitters at 100 pulse trains 
per second. In this asynchronous mode, 
the airborne unit receives course and 
glide-slope guidance but no range infor­
mation. This mode makes it possible for 
an aircraft without a weather radar to use 
the BLS. 

This work was done by Thomas J. 
Davis and George R. aary of Ames Re­
search Center and John P. Chisholm and 
Stanley L. Macdonald of Sierra Nevada 
Corp. For further information, Circle 152 
on the TSP Request Card. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Ames Research Center [see page fB}. 
Refer to ARC-11674. 

New Products 
Vldek (Rochester, NY), a division of East­
man Kodak, announces the Megaplus devel­
opment system, an IBM PC AT-based syst­
em that processes images captured by the 
Videk Megaplus camera. The package in­
cludes a Megaplus camera, software, plug­
in PC boards and an IBM PC. Capabilities 
include image enhancement, spacial filter­
ing, zooming, analysis, graphics, measure­
ment and annotation, and image storage 
and retrieval. Circle Reader Service 
Number 336. 

IFA Systems, Inc. (Wichita, KS) announces 
their A-8000 spectrum analyzer. The syn­
thesized RF section covers 10 kHz to 2.6 
GHz with a time base accuracy of :t 0.5 
PPM. Scan widths vary from 1kHz to 200 
MHz per division. Resolution bandwidths 
of 300 Hz to 3 M Hz and sweep times of 5mS 
to 10 sec/division can be selected. A direct 
entry keyboard facilitates operation. Circle 
Reader Service Number 476. 

Ek1ron Applied Imaging (Bedford, MA) an­
nounces their EKTRON Laser Image Re­
corder Model 811. The system, which re­
quires no plumbing or liquid chemicals, 
writes high-quality continuous tone digital 
images onto photographic paper or film. It 
accomodates images of up to 8.5" X 11" and 
contains 2 Mbytes of image buffer memory. 
Circle Reader Service Number 354. 

Vislonics Corporation (Sunnyvale, CAl re­
leased a library module of 200 cross-ref­
erenced (CRF) files to enhance their EE 
DeSigner and EE Designer II integrated 
CAE/CAD packages. The package includes 
an expanded array of TTL logic devices, a 
variety of ROM, RAM, PROM and EPROM 
devices, and a series of analog devices. 
Price is $200. Circle Reader Service Num­
ber434. 

Intel Corp. (Chandler, AZ) announces a 
Class B version of its static random access 
memory (SRAM) approved by the VHSIC 
Program Office. The M51C98 is a 64 K-bit 
CHMOS SRAM with a 35-nanosecond ac­
cess time and a maximum power consump­
tion of 100 mAo It is offered in a22-pin, side­
brazed ceramic DIP. Circle Reeder Service 
Number 386. 

CEC 5500 sputtered thin fillll 
pressure transducer • high reliability 

< + .10% accuracy • low cost 

42 

CEC's 5500 transducers achieve 
superior performance and ultra­
stability at a price highly competitive 
with other strain gage designs. Micro­
geometry, very short interconnecting 
leads,andinherentadvantagesofthe 
sputtering process result in a greatly 
increased resonant frequency, en­
hancing resistance to VIbration, shock 
and acceleration. 
• Standard pressure ranges from 

0-15 psi to 0-5000 psi, as absolute, 
vented gage or sealed gage. 

• Proofpressure-2X rated 
pressure. 

• Operating temperature range 
from - 65°F to + 300°F, 
compensated from OaF to + 180°F. 

• Combined linearity, hysteresis and non­
repeatability error is better than ± .10% 
FRO (full range output) for ranges up to 
1000 psi, and ± .15% FRO for ranges 
exceeding 1000 psi. 

• Full range output of 30 mV typical with 
10 VDC rated excitation. 

+.1 
Circle Reader Action No. 493 

• Thermal zero and sensitivity shift over 
compensated temperature raIlge is no 
greater than ± .0025% FRO;oF. 

• Calibrated stability within ± .1% over an 
I8-month period. 

• A bargain at $495.00, even less in 
quantities. 

IMtt 
Imo Delaval Inc . 

CEC Instruments Division 
325 Halstead St., Pasadena, CA 91109-7097 

(818) 351-4241 
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Glass-to-Metal Seal Against Liquid Helium 
Superfluid helium" does not leak through this seal on a transparent container. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A simple compression joint with an in­

dium gasket forms a demountable seal for 
superfluids. The seal was developed for a 
metal lid on a glass jar used in experi­
ments on liquid helium. The glass contain­
er allows the contents to be viewed for 
such purposes as calibration of liquid­
level detectors and adjustments of dis­
placement plungers. Until now, demount­
able, leak-tight glass-ta-metal joints have 
not been able to withstand the repeated 
thermal cycling of cryogenic procedures. 

The seal contains liquid helium even 
when its temperature drops below 
2.19 K - the A point at which the helium 
becomes helium II, a zero-viscosity fluid 
that can flow through pores as small as 
10- 6 cm. The seal is made from inexpen­
sive, commercially available materials 
and parts ; special metals, speCial 
glasses, and skilled glassblowing are un­
necessary. 

The jar is made from an ordinary Pyrex 
(or equivalent) glass beaker. The flared 
top is removed with a glass saw. To re­
move gross irregularities from the newly 
exposed edge, the edge is ground on a flat 
table with 6OQ-grit abrasive paper soaked 
with alcohol. Grinding continues until the 
exposed edge appears uniformly gray. 
The edge is then fire-polished. 

The lid is machined from brass 0.125 in. 
(3.2 mm) thick. A groove is machined in 
the lid to accommodate an O-ring of in­
dium wire 0.050 in. (1.27 mm) in diameter. 
Electrical and mechanical connections to 
the jar pass through the lid. 

The jar is pressed tightly against the 
O-ring by a spring-loaded bottom plate 
(see figure). Eight studs equally spaced 
around the lid perimeter hold the plate 
against the beaker. The beryllium/copper 
C-shaped springs have enough extra 
travel to compensate for the cold flow of 
the indium gasket over time. The O-ring 
seal should be tightened in stages. 

The indium O-ring must be replaced 
every time the seal is broken. A sheet of 
indium 0.030 in. (0]6 mm) thick under the 
jar helps to distribute the compressive 
NASA Tech Briefs, July/August 1987 
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Made From Stock Materials, a glass experiment cell holds superfluidlc helium, even though 
no special provisions are made to prevent thermal shock in cryogenic experiments. The 
brass lid and indium O-ring can readily be used on a metal Jar when the cell contents do not 
have to be visible. 

load over the irregular glass bottom. Un­
like the O-ring, the sheet can be used dur­
ing many experiments. 

In each of a series of 15 experiments, 
the sealed, helium-filled jar was lowered 
into a conventional double Dewar flask 
having window strips in both the inner and 
outer containers. The outer container was 
filled with liquid nitrogen at 77 K. After 4 to 
6 hours, liquid helium at 4 K was poured 
into the inner container. and the measure­
ments were taken. There was no notice­
able leakage of helium into or out of the 
jar. 

This work was done by John L Watkins 
and John R. Gatewood of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 62 on the TSP 
Request Card. NPO-16308 

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"()241 
NASA Spinoffs 
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Approximate 
Analysis of 
Semiconductor 
Laser Arrays 
A simplified equation yields 
useful information on gains and 
output patterns. 

NASA's Jet Propulsion Lab­
oratory, Pasadena, California 

A theoretical method based on an ap­
proximate waveguide equation enables 
the prediction of the lateral modes of a 
gain-guided planar array of parallel semi­
conductor lasers. The equation for the en­
tire array can be solved directly using a 
piecewise approximation of the index of re­
fraction by simple functions without the 
customary approximation based on the 
coupled waveguide modes of the individ­
uallasers. 

p·AIGaAs p·GaAs 

Gain 

I 

z (Out of Page) 
o y 

I 
x 

H+ 
Implantation CrAu 

n·AIGaAs 

The laser array is treated mathematical­
ly as though it were uniform along the di­
rection of propagation (the z direction in 
Figure 1). The electromagnetic modes of 
the array are therefore taken to be the 
eigenmodes of the two-dimensional wave-

Figure 1. The Semiconductor Laser Array is approximated, for the purpose of analysis, by a 
one-dimensional waveguide with spatially varying gain and real (nr) and imaginary (ni) parts of 
an effective index of refraction. 

-10 o 10 
Lateral Dimension, ,.", 

Lateral Dimension, jn1 

NEAR FIELD 

Measured 

20 

Measured 

Field Angle, Degrees 

-20 0 20 
Field Angle, Degrees 

FAR FIELD 

Calculated 

I 

40 

Figure 2. The Near and Far FIelds of a four-element gain-guided-mode semiconductor laser array were measured and calculated by the new 
method. 
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guide formed by the laser heterostructure, 
gain distribution, and spatially varying 
index of refraction. However, the eigen­
modes are calculated for a simplified one­
dimensional version of the structure: an 
effective index of refraction, n(y), is calcu­
lated by a previously known technique and 
used in place of the actual index, n(x,y). 

The resulting approximate waveguide 
equation for the array is 

a2Ey 
-2 + [(w/c)2n2(y) - /32JEy = 0 
ay 

where Ey is the electric field in the y direc­
tion, w is the angular frequency, c is the 
soeed of light, and /3 is the lateral (x-y plane) 

Books and Reports 
These reports, studies, handbooks are 
available from NASA as Technical 
Support Packages (TSP's) when aRe· 
quest Card number is cited; otherwise 
they are available from the National 
Technical lnformatlo;"l Service. 

Apodization Control of Line 
Shape in Spectrometer 
A Kaiser-Bessel apodization 
function reduces the un­
wanted sidebands. 

A report discusses apodization in a 
Fourier-transform spectrometer (FTS) for 
the Advanced Moisture and Temperature 
Sounder (AMTS). Apodization is the appli­
cation of spatially varying attenuation over 
the surface of a lens or mirror to affect the 
structure of the diffraction pattern that 
forms the image. For example, when form­
ing an image of a pointlike object like a star, 
an unapodized circular lens forms a cir­
cularly symmetric image consisting of a 
bright central spot (the />jry disk) surround­
ed by a series of faint rings. By adjusting 
the transmission of the lens so that it de­
creases in just the right way with increas­
ing radius, the rings can be eliminated (or 
at least greatly reduced), albeit at the ex­
pense of enlarging the central spot. 

The purpose of apodization in this instru­
ment is to control the shape of the spec­
trum in wavenumber space to keep radia­
tion at other wavelengths in the passband 
of the spectrometer out of the AMTS wave­
number channel. The calculation of the 
apodizing functions involves a general 
analysis. including an accurate model of 
the effect of off-axis detectors in FTS in­
struments. A complete system tradeoff 
analysis among line-shape control, line­
shape degradation, and stability has also 
been carried out. 

The results indicate that the apodizing 
functions should have the Kaiser-Bessel 
form as a function of optical path. A Kaiser­
Bessel parameter in the range of K = 6 to 
K = 8 meets the line-shape control re-
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contribution to the overall propagation con­
stant. The effective index of refraction is 
represented piecewise by a simple func­
tion within each laser stripe and interven­
ing space so that the waveguide equation 
can be solved in each such region. The 
separate solutions are then matched at the 
boundaries between the regions. Subject 
to the overall boundary condition that the 
field must decay to zero at y = ±CXl, the 
combination of matched regional solutions 
gives the eigenmodes of the array. 

Figure 2 illustrates the close agreement 
between such a calculation and measure­
ments. In general, the new method yields 
results different from those of the coupled-

quirements of the AMTS. 
This work was done by Antonio Pires, 

Edward Niple, and Nathan L Evans of 
Perkin Bmer Corp. for NASA's Jet Pr0-
pulsion Laboratory. To obtain a copy of 
the report, "Apodization Control of Une­
shape in Array Field Widened Interferome­
ter Where Apodizing Functions Have 
Kais. -Bessel Form," Circle 5 on the TSP 
Request Card. NPO-16389 

Overview of Fiber· 
Optical Sensors 

The design, development, and 
sensitivity of sensors using 
fiber optics are reviewed. 

The state-of-the-art and probable future 
developments of sensors using fiber optics 
are described in a 14-page report that in­
cludes 35 references to work in the field. 
The report serves to update previously 
published surveys. Systems incorporating 
fiber-optic sensors are used in medical 
diagnosis, navigation, robotics, sonar, the 
power industry, and industrial controls. 

The report summarizes the operating 
principles, advantages, and disadvantages 
of Mach-Zehnder, Michelson, Sagnac, and 
ring-resonator fiber-optic interferometers, 
which can be used to form sensors. The 
two common methods for Introducing a 
transducer into the sensor arm of a Mach­
Zender interferometer are discussed: (1) 
wrapping the fiber around a mandrel that is 
sensitized to whatever is to be monitored 
and (2) applying a sensitized coating to the 
optical fiber. Mandrels and coatings 
suitable for acoustic, electric, magnetic, 
and thermal measurements are described. 
Equations describing the phase-modula­
tion process for coated fibers are also 
presented. 

The report describes two types of rota­
tion sensors (both based on the Sagnac in­
terferometer) that can be used in lieu of 
mechanical gyroscopes. The lowest re­
ported drifts achieved thus far are 0.005 
degree/{hour) Yo for an all-fiber gyroscope 
and 0.025 degree/(hour)v, for a hybrid 
fiber-optic gyroscope. 

mode approximation because the coupling 
is so strong that the modes of the individual 
lasers lose their identities. The new method 
also shows differences between gain­
guided-mode and real-index-guided-mode 
laser arrays, which are not evident in prior 
analyses. The improved results should 
yield a better understanding of laser-array 
modes and thereby help in the develop­
ment of well-behaved high-power 
semiconductor laser arrays. 

This work was done by William K. Mar­
shal/ and Joseph Katz of Galtech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 109 on the TSP 
Request Card. NPO-16813 

Ten fiber-optical methods for sensing 
temperature are listed. The performances 
of acoustic, magnetic, electric, rotation, 
and temperature sensors are compared. 
The authors note the considerable dif­
ficulties in eliminating both unwanted sen­
sitMty to temperature in fiber -optic sensors 
intended to monitor parameters other than 
temperature and sensitivity to other pa­
rameters in devices meant to sense tem­
perature alone. 

Existing and potential applications of 
fiber-optic sensors in medicine and robot­
ics are outlined. The report concludes with 
an overview of the state of development 
and unsolved problems for various com­
ponents (couplers, fibers, integrated 0p­
tics, modulators, polarizers, and 'Iight­
source diodes) used in fiber-optic systems. 

This work was done by Ramon P. 
DePaula and Emery L. Moore of Caltech 
for NASA's Jet Propulsion Laboratory. 
To obtain a copy of the report, "Fiber Optic 
Sensor Overview," Circle 84 on the TSP 
Request Card. 
NPO-16817 

New Products 
John Fluke Mfg. Co.,lne. (Everett, WA) an­
nounces the new 8Oi-1010 clamp-on cur­
rent probe, an accessory for digital multi­
meters that accurately measures AC to 700 
Amperes, and DC up to 1000A. The probe 
clamps around a conductor and senses the 
magnetic field produced by current flow, 
allowing measurements without breaking 
the circuit. A unique feature of the BOi-1010 
is a thumbwheel Zero control, which al· 
lows the user to compensate for residual 
core magnetism in the clamp. Circle Read­
er Service Number 436. 

Honeywell's (Denver, CO) Test In­
struments DfvlsJon announces Very Large 
Data Store (VLDS), a high-density digital 
tape drive offering 5.2 gigabyte storage 
capacity on VHS cassette tape. The VLDS 
uses a two-channel system to record data 
at a sustained rate of four megabytes per 
second. Up to 200 A4-size, full-color graph­
ics can be stored on a T-120 VHS cassette 
without image compression. Circle Read­
er ServIce Number 426. 
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Directional Solidification of Nodular Cast Iron 
Cerium enhances the formation of graphite nodules. 

Marshall Space Flight Center, Alabama 
Preliminary experiments in the direc­

tional solidification of cast iron have shown 
a quantitative correlation of the graphite 
microstructure with the growth rate and 
the thermal gradient, with sufficient 
spheroidizing element to form spheroidal 
graphite under the proper thermal condi­
tions. The experimental approach enables 
the use of directional solidification to study 
the solidification of spheriodal-graphite 
cast iron in low gravity. Because directional 
solidification can often be used to form 
alloys with regular composite structures, it 
may be possible to form new structural 
materials from nodular (spheroidal-gra-

phite) cast iron. 
Previous attempts at directional solidifi­

cation of spheroidal cast iron failed, in part 
because magnesium was used as the 
spheroidizing element. In addition, holding 
the material in the molten state reduced 
the level of spheroidizing elements below 
the minimum required to produce sphe­
roidal graphite. 

The experiments were performed in a 
standard Bridgman-type solidification fur­
nace, which includes a cylindrical crucible 
containing the sample, surrounded by a cy­
lindrical heating element on top of a 
quenching block. The growth rate and ther-
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mal gradient during solidification can be in­
dependently controlled by the choice of the 
speed at which the furnace moves along 
the longitudinal crucible axis, 

Nodular cast iron was directionally soli­
dified under the following conditions: 
• Cerium was substituted for magnesium 

as a spheroidizing element. 
• The holding temperature was kept below 

1,350°C. 
• Solidification was done under an argon 

atmosphere, 
The study of directionally solidified 

samples should suffice to establish quan­
titative relationships between the micr.o­
structure of the cast iron, its composition, 
and the ratio of the temperature gradient to 
the growth rate during solidification, 
Previous studies using wedge-chill tech­
niques provided only qualitative informa­
tion on the effects of cooling rates on struc­
ture. 

This work was done by P A. Curreri of 
Marshall Space Aight Center and 0 , M. 
Stefanescu and J. C. Hendrix of the Univer­
sity of Alabama. No further documentation 
is available. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 18]. Refer to 
MFS-28015. 

Large Deployable 
Shroud 
Deployable masts would 
extend lightweight fanfolded 
panels. 

Marshall Space Flight Center, 
Alabama 

Apreliminary design has been proposed 
for a large, lightweight telescope shroud or 
light shield (see figure) that ('.[)uld be car­
ried to orbit in a single Space Shuttle cargo 
load. The shroud concept might be applied 
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TOP VIEW OF ENTIRE ASSEMBLY 

The Large Telescope Shroud Includes four deployable masts that erect eight walls of hinged panels of polyimide film. The panels are stored 
fan folded before deployment and threaded on guide wires that unwind from spools and remain taut during deployment. 

on Earth in portable, compactly storable 
displays or projection screens: indeed, the 
shroud is based in part on an old portable­
projection-screen concept. 

The shroud comprises four identical 
units (see figure), each with one deployable 
mast and two sets of panels that form two 
adjacent walls of an octagonal structure. In 
each shroud unit, the deployable mast fits\ 
between the two boxes of panels, which 
are hinged on the mast canister. 

While in storage, the boxes are straight-

ened out; for erection, they are held at the 
proper angle by a four-bar linkage. Snap 
locks are used to attach the units to each 
other and to the structural base so that no 
tools will be required for assembly. 

Once the four shroud units have been 
attached to the base, the shroud can be 
deployed by operating a switch to initiate 
the extension of the masts. A strip is also 
deployed from a roll canister at each cor­
ner to block the lines of sight through the 
gaps between panels. Anti-flapping straps 

Cotton-Fiber-Filled Rubber Insulation 

could then be installed manually to con­
nect adjacent walls of the shroud. 

This work was done by G. G. Jacquemin 
of Marshall Space Flight Center. For fur­
ther information, Circle 32 on the TSP Re­
quest Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marsha" 
Space Flight Center [see page 18). Refer to 
MFS-28173. 

Carbonization of fibers at high temperatures could improve strength and erosion resistance 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Cotton linters (short cotton fibers) are 
being tested as a replacement for the 
asbestos filler currently used in rubber in­
sulation in solid rocket motors_ The use of 
asbestos must be discontinued because it 
poses a serious health hazard to those ex­
posed to it. The cotton-filled rubber insula­
tion may have industrial uses; for example, 
in some kinds of chemical- or metal­
processing equipment, hoses, and protec­
tive clothing. 

A carbon-tiber-filled version of the insu­
lation has already demonstrated high re­
sistance to erosion in this application, but it 
is expensive and its physical properties 
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make it difficult to use. It is hoped that 
satisfactory performance can be achieved 
more economically by taking advantage of 
the high-pressure, high-temperature, and 
relatively reducing atmosphere within the 
combustion chamber of the rocket motor 
to carbonize the fibers in the insulation. The 
question is whether the carbonized cotton 
fibers will provide the strength and erosion 
resistance of carbon fibers by forming a 
strong, thermally protective char layer on 
the surface of the insulation. 

To test the concept, cotton linters are 
being processed as fillers in various rubber 
matrices and evaluated as to physical 

properties, proceSSing properties, and ero­
sion resistance. An alternative fiber, poly­
acrylonitrile, will also be tested. Test condi­
tions will match the combustion-chamber 
gas flow and gas-temperature regime of a 
solid rocket motor buming the solid pro­
pellant currently used in the Space Shuttle 
solid rocket boosters. 

This work was done by Floyd A. 
Anderson of Caftech for NASA's Jet Pr0-
pulsion Laboratory. For further informa­
tion, Circle 126 on the TSP Request Card. 
NPO-16868 
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Thermal·Barrier Coatings Containing Ytterbia 
Resistance to thermal cycling is increased. 

Lewis Research Center, Cleveland, Ohio 

High-temperature thermal-barrier coat­
ings are used to protect substrate materi­
als from degradation by high temperatures 
and by thermal cycling. A thermal-barrier 
coating generally consists of thin oxide 
layers that have been plasma- or arc­
sprayed on a prepared surface. One of the 
most effective high-temperature thermal­
barrier materials is zirconia (zr02) stabi­
lized with yttria (Y 20~. Yttria concentra­
tions in the range of 6 to 8 percent have 
demonstrated optimum properties. 

A new outer ceramic coating layer for a 
two-Iayer (bond coat plus overlay) or grad­
ed thermal-barrier coating has been devel­
oped. This new ceramic overlay is zirconia 
stabilized with ytterbia (Zr02 + Ybp~ and 
is used in conjunction with NiCrAIY or 
NiCrAlYb bond coats. This new two-Iayer 
system has been evaluated in furnace 
testing at temperatures cycled between 
2,025°F (1,110°C) and 575°F (300°C). 
Overlay coats of zirconia (Zr02) stabilized 
with 12 and 15 percent ytterbia (12Yb203 
and 15YbP~when used over bond coat A 
(Ni + 16.5Cr + 5.92A1 + O.17Y) and bond 
coat S (Ni + 17.5Cr + 6.6AI + O.22Yb) in­
creased the numbers of thermal cycles to 
failure. An overlay coat Zr02 + 12Yb20 3 on 
bond coat A increased the life 60 percent 
over that of the base material (Zr02 
+ 6.1 Y P3 overlay on bond coat A). With 
bond coat S, Zr02 + 12Yb20 3 overcoat 
had a 9O-percent greater life than did the 
base material. The figure shows the longe­
vities of the various coatings in the cyclic 
tests. Additional work may result in im­
proved bond-coat compositions. 

This work was done by Stephan Stecura 
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The Longevitles of Thermal-Barrier Coatings were measured in a furnace in which the tem­
perature was repeatedly varied between 575 and 2,025 oF. 

of Lewis Research Center. No further 
documentation is available. 

This invention has been patented by 
NASA (U.S. Patent No. 4,535,033). In­
quiries concerning nonexclusive or ex-

elusive license for its commercial develo,:r 
ment should be addressed to the Patent 
Counsel, Lewis Research Center [see 
page 18]. Refer to LEW-14OS7. 

Acetylene-Terminated Polyimide Siloxanes 
Siloxane-containing addition polyimides yield toughened high-temperature adhesives and matrix 
resins. 

Langley Research Center, Hampton, Virginia 

The need in space research for poly­
mers with enhanced high-temperature 
capabilities led to the development of 
linear systems that were impossible to 
process in high-molecular-weight imide 
form. More recently, aromatic addition 
polyimides have been developed as matrix 
and adhesive resins for applications on 
future aircraft and spacecraft. Addition 
polyimides offer distinct advantages over 
linear polyimides, in that the former can be 
processed in the form of short-chained oli­
gomers end-capped with latent cross-link-
52 

ing groups. The polymerization of this type 
of material in place makes it useful as an 
adhesive. This same proceSSing method 
can be used for the preparation of fiber­
reinforced composites where the poly­
merization encapsulates the reinforce­
ment and is set. 

One particularly attractive addition-type 
polyimide that is commercially available 
has the structure shown in Rgure 1. It is 
prepared by the reaction of an aromatic 
tetracarboxylic acid dianhydride with an 
aromatic diamine in the presence of an 

ethynyl-substituted aromatic monoamine 
to provide a fully imidized, acetylene­
terminated thermosetting polyimide resin. 
Unfortunately, it is insoluble in all solvents 
except in N-methylpyrrolidone at 100 ce, 
which leads to the problems associated 
with removal of this high-boiling-point polar 
solvent. 

Addition polyimides of this type tend to 
be highly crosslinked, insoluble, and ex­
tremely brittle on curing. Efforts made to 
toughen addition polyimide adhesives 
(LaRC-13, for example) by physically 
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Figure 1. This Addition Polylmlde Is made by the reaction of an aromatic tetracarboxyllc acid dianhydride with an aromatic diamine in the 
presence of an ethynyl·substltuted aromatic monoamine. 

Figure 2. This Acetylene-Terminated Siloxane Imide can be cured by heating to yield an acetylene-terminated polyimlde slloxane. 

blending fluorosilicone and vinyl-termi­
nated silicone rubbers were partially suc­
cessful. If the siloxane group were 
chemically incorporated in the polyimide 
backbone, the effect could be far more 
pronounced. The resulting siloxane-con­
taining addition oligomer would also have 
improved solubility by virtue of the flexible 
-Si-O-Si-linkage. 

The process involves the reaction of a 
diaminosiloxane with acetylene-termi­
nated anhydrides of varying chain lengths. 
Aminophenyl acetylene (APA) and an aro­
matic dian hydride are reacted in different 
molar ratios to develop ethynyl-terminated 
anhydrides with a range of molecular 
weights. The anhydride thus formed may 
be reacted with a diaminosiloxane to yield 
an acetylene-terminated oligomer, which 
on curing, yields the acetylene-terminated 
polyimide siloxane. Figure 2 shows the 
structure of one of the acetylene-termi-

nated siloxane imides. 
The oligomer melts in the temperature 

range of 125 to 160 °C and undergoes cur­
ing between 190 and 270°C. The oligomer 
may be extended using different propor­
tions of an aromatic dianhydride and APA 
It may be blended further with commercial­
ly available resins, like that of Figure 1 , with 
which it is fully compatible. 

Scrim cloths can be prepared with these 
resins by the conventional method of re­
peatedly coating on glass cloth, allowing to 
air dry, then imidizing thermally. Scrim 
cloths can also be prepared by melt-im­
pregnating glass cloth with dry resin pow­
der using localized heating, thus obviating 
the need for solvents, which are difficult to 
remove. 

Adhesive bonds using these scrim 
cloths have relatively good lap-shear 
strengths. CompOSites prepared from 
these oligomers can be thermoformed at 

elevated temperatures after an initial 
molding in the temperature range of 175 to 
200 °C due to the lowered melting temper­
atures. A range of service temperatures 
results from blending the oligomers with 
various acetylene-terminated resins in dif­
ferent proportions. 

This work was done by Terry L St. Ciair 
of Langley Research Center and Shubba 
Maudgal of the Institute for Computer Ap­
plications in Science and Engineering. For 
further information, Circle 65 on the TSP 
Request Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Langley Research Center [see 
page 18]. Refer to LAR-13318. 

Carbide/Fluoride/Silver Self-Lubricating Composite 
Bearing coatings survive at operating temperatures up to 87Gae. 

Lewis Research Center, Cleveland, Ohio 
PS200 is a composite self-lubricating 

coating for bearing applications that 
operates at temperatures well above the 
failure points of such traditional solid 
lubricants as molybdenum disulfide and 
graphite. It has shown excellent friction 
and wear performance in oxidizing atmos­
pheres up to 1,600 OF (870°C) and reduc­
ing atmospheres up to 1,400 OF (760 OC). 
Such performance is needed for the de­
velopment of such advanced heat engines 
as the adiabatic diesel and the Stirling 
engine, which will have to operate at these 
elevated temperatures. 

PS200 is a plasma-sprayed, ceramic­
based coating with solid lubricant addi­
tives. Chromium carbide was chosen for 
the base material because of its excellent 
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wear resistance and thermal stability. How­
ever, it exhibits high friction coefficients 
when used in sliding contacts. The friction 
coefficient is lowered dramatically by 
blending in two solid lubricants: silver metal 
and a barium fluoride/calcium fluoride 
eutectic. 

Because of its 100 shear strength, silver 
provides 100 friction at low temperatures, 
and the eutectic has been shown to effec­
tively lubricate above 900 OF (480 oq. Uke 
chromium carbide, silver and the fluoride 
eutectic are thermally and chemically 
stable to at least 1,650 OF (900 OC). Since 
silver lubricates from 100 to moderately 
high temperatures, and the eutectic lubri­
cates at high temperatures, the resulting 
composite lubricant does not show any 

sharp discontinuities in its friction and wear 
behavior over a wide temperature range. 
The coating system is designed to lubri­
cate successfully in applications where 
low-temperature starts and high operating 
temperatures are encountered. 

PS200 has a composition of 80 weight 
percent metal-bonded chromium carbide, 
10 weight percent silver metal, and 10 
weight percent barium fluoride/calcium 
fluoride eutectic. The surface to be coated 
with the composite is first sanchlasted; 
then a thin bond coat of nickeVchromium 
powder is plasma-sprayed onto the rough­
ened surface. The PS200 composite, 
prepared in a blended powder mixture, is 
plasma-sprayed onto the bond coat, and 
then diamond ground to the finished bear-
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ing surface. 
This work was done by Harold E. 

Sliney of Lewis Research Center. Further 
information may be found in: 

NASA TM-86943 [N85-20127], "The 
Role of Silver in Self-Lubricating 
Coating for Use at Extreme Tempera­
tures," 
NASA TM-86895 [N85-14928], "Effects 
of Silver and Group" Fluoride Additions 
to Plasma Sprayed Olromium Carbide 

Coatings for Foil Bearings to 650 °C, " 
NASA TM-87274 [N8&-21682], "A New 
Olromium Carbide-Based Tribologica/ 
Coating for Use to 900 °C with Particu­
lar Reference to the Stirling Engine," 
and 
NASA TM-87261 [N8&-20568], "Com­
{XJSition Optimization of Self-Lubricat­
ing Olromium Carbide-Based Com{XJS­
ite Coatings for Use to 760°C." 
Copies may be purchased [prepayment 

Rapid-Solidification Processing Facility 
Microstructural changes enhance properties of alloys. 

Lewis Research Center, Cleveland, Ohio 
Rapid-solidification processing in vari­

ous forms has been of interest for a num­
ber of years. A world-class facility that uses 
the melt-spinning rapid-solidification proc­
ess is now operating at Lewis Research 
Center. The essential components of the 
facility are a source of molten metal, an 
ejection system, a cooled rotating sub­
strate, a turbo/cryopump vacuum system, 
and a high-speed data-acquisition system. 
Currently, the choice of alloys for melting is 
limited only by the capabilities of dense 
alumina crucibles. 

A major feature of the process is the 
rapid quenching of alloys or intermetallic 
compounds from the liquid to the solid 
state at cool ing rates of the order of 
106oC/s (see figure). Such rapid solidifica­
tion may have a radical impact on the 
physical and metallurgical natures of ma­
terials. Grain sizes are greatly reduced, the 
segregation of alloying elements or impuri­
ties can be minimized, and homogeneity 
can be greatly improved. These micro­
structural changes can result in physical 
and mechanical properties much differ­
ent from those normally found in alloys 
quenched at more conventional rates. 
Preliminary research has resulted in cop­
per alloys with fivefold increases in the 
solid-solution-alloying content of Cr and a 
resultant multiplication of strength by a fac­
tor of 4. 

This work was done by Thomas K. 
Glasgow, Robert W Jech, Thomas J. 
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required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-465D. 
Rush orders may be placed for an extra fee 
by calling (8(X)) 33&-4700. 

Inquires concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Lewis Re­
search Center [see page 18]. Refer to 
LEW-14196 

Solidification 
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Moore, and Norman WOrth of Lewis 
Research Center. No further documenta­
tion is available. LEW-14510 

A Jet of Molten Metal is solidified rapidly when it strikes a liquid-cooled rotating drum. 

Polyimides Containing Carbonyl and Ether Connecting Groups 
Semicrystallinity gives rise to tough, solvent-resistant polymers. 

Langley Research Center, Hampton, Virginia 

Several new polyimides were prepared 
from the reaction of aromatic dianhydrides 
with new diamines containing carbonyl 
and ether connecting groups between the 
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aromatic rings. The diamines were pre­
pared from the reaction of 4-aminophenol 
with activated aromatic difluoro com­
pounds in the presence of potassium car-

bonate. Representative novel diamine m0-

nomers syntheSized were the following: 
• 1,3-bis(4-aminophenoxy-4'-benzoyl)ben­

zene; 
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• 1, 4-bis( 4-aminophenoxy-4'-benzoyl)ben­
zene; 

• 4,4'-bis(4-aminophenoxy-4'-benzoyl)ben­
zophenone; 

• 4,4 '-bis(4-aminophenoxy-4'-benzoyl)di­
phenyl ether; and 

• 2,6-bis( 4-aminophenoxy-4 '-benzoyl)na­
phthalene. 
Several of the new polyimides were 

shown to be semicrystalline as evidenced 
by wide-angle x-ray diffraction and by dif­
ferential scanning calorimetry. 

Wholly aromatic polyimides are known 
for their exceptional thermal, thermo-oxi­
dative, and chemical resistances. As a 
class, they are generally considered to be 
amorphous with respect to crystalline 
structure. The introduction of crystallinity 
into a polymer has long been recognized 
as an effective way of increasing the 
elastic modulus and the resistance to sol­
vents. In addition, if the proper degree and 
type of crystallinity is attained, the material 

can also display high toughness. Most of 
the new semicrystalline poIyimides formed 
tough, solvent-resistant films with high ten­
sile properties. One of these materials ex­
hibited very high fracture toughness and 
can be thermally processed. 

Glass·transition temperatures of the 
polyimides ranged from 192 to 247 "C, and 
crystalline-melt temperatures were ob­
served between 350 and 442°C. Some of 
the films formed by the solution casting of 
polyamide acids and the subsequent ther­
mal conversion to polyimides were tough 
and flexible. Tensile strengths, tensile 
moduli, and elongations at break ranged 
from 14,500 to 23 ,000 ps i (100 to 
160 MPa), 386,000 to 630,000 psi (2.66 to 
4.34 GPa); and 3.3 to 39.5 percent, respec­
tively, at 25°C. Mechanical properties at 
177 °C and 232°C were also good. 

One of the polyimides was a solvent-re­
Sistant, semicrystalline material that could 
be molded at 400 °C. Its fracture tough-

ness (GIc) was exceptionally high; namely 
37.8 in.-lb/in.2 (6.62 kJ/m2). Its TtfTi tensile 
shear strength at 25°C was 6,200 psi 
(41 MPa) and 2,600 psi (17.9 MPa) at 
232°C. In addition, the degree of crystal­
linity of this polyimide could be altered by 
either quenching from a temperature 
above its crystalline-melt temperature 
(350°C) or annealing at a temperature 
slightly below its crystalline-melt tempera­
ture. These types of polymers could have 
potential applications in molded products, 
films, adhesives, and composites. 

This work was done by Paul M. 
Hergenrother of langley Research Cen­
ter and Stephen J. Havens of PRC Kentron, 
Inc. For further information, Circle 2 on the 
TSP Request card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Langley 
Research Center [see page 18]. Refer to 
LAR-13633. 

Advanced Thermal-Barrier Bond Coatings for Alloys 
New bond coatings increase service lives. 

Lewis Research Center, Cleveland, Ohio 
Over the years, a variety of coatings 

have been developed to protect substrate 
metals. Because of their low thermal con­
ductivities, ceramic coatings are used as 
thermal barriers in the hot sections of tur­
bines in which hostile environments attack 
the standard nickel- and cobalt·base 
alloys. 

New and improved bond coatings have 
been developed at Lewis Research Center 
for use in thermal·barrier systems on Ni·, 
Co-, and Fe-base alloy substrates. The use 
of these new bond coatings, containing yt. 
terbium instead of yttrium, has significantly 
increased the lives of the resultant ther· 
mal·barrier systems. 

It has been demonstrated that the 
(Nil35Cr/6All1.1 Yb Y(ZrOi6.1Y P:J system 
is at least 40 percent better than the best 
(Ni/35Cr/6AI/0.95Y)1(ZrOi6.1Y P:J system 
previously reported in the literature. 
CoCrAlYb and FeCrAIYb bond coatings 
are significantly better than the CoCrAlY 

bond coatings. The best nonoptimized Co· 
and Fe-base coatings were Co/38Cr/1 OAiI 
0.07Yb and Fe/37Cr/5AJJ0.1 Yb. 

Although the composition of the 
FeCrAlYb bond coating was not optimized 
with respect to Yb concentration, the 
longest life was attained with 
(FeCrAIYbV(ZrOty 203)' followed by opti­
mized (NiCrAlYbY(ZrOty 20:J and nonopti­
mized (CoCrAIYb)/(Zr02/Y 203)' Almost 
1,800 1-hour cycles were obtained with 
(Ni/35Cr/5AI/0.1 OYb)/(Zr02/6 .1Y20 3) at 
2,05Q°F (1,121 "C) as compared to about 
1,400 1·hour cycles for (Ni/35Cr/6AII 
1.1Yb)/(ZrOi6.1Y 20)3)' also at 2,050 OF 
(1,121 "C). 

The bond and thermal-barrier coatings 
were deposited by plasma spraying in 
open air onto alumina·blast-cleaned 
substrates . The cyc lic testing of all 
thermal-barrier systems was done up to 
2,150°F (1,177°C) in a furnace. Ni·, 
Co-, and Fe-base bond coatings were eval· 

Polyimides From BTDA, m-PDA, and HDA 

uated on Ni-, Co-, and Fe·base alloy sub­
strates, respectively. Potential uses in· 
clude many load·bearing applications in 
high·temperature, hostile environments. 

This work was done by Stephen Secura 
of Lewis Research Center. Further infor· 
mation may be found in NASA TM·87062 
[N85-312831NSP], ''Advanced Thermal Bar· 
rier System Bond Coatings for Use on Ni-, 
Co-, and Fe-Base Alloy Substrates. " 

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 (BOO) 336-4700. 

This invention has been patented by 
NASA (U.S. Patent No. 4,485, 151). Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Lewis Research Center [see 
page 18]. Refer to LEW·14415. 

Aliphatic segments in polyimide backbones help achieve low molding temperatures and resistance to 
solvents. 

Langley Research Center, Hampton, Virginia 

To develop a solvent- and impact-resist· 
ant thermoplastiC for use in composites for 
aerospace applications, linear, flexible, 
aliphatiC segments have been introduced 
into the backbones of rigid, aromatic, 
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heterocyclic polymers. Polyimides pre­
pared from pyromell itic dianhydride 
(PMDA) or 3,3 ',4,4'·benzophenonetetra· 
carboxylic dianhydride (BTDA) with aroma· 
tic diamines are commerCially available. 

Less known are polyimides prepared from 
PMDA or BTDA with aliphatic diamines. It 
was found that high·molecular·weight 
polyimides from PMDA or BTDA with ali· 
phatic diamines can be prepared by con-
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densation in cresol at 180 °C. Further, high­
molecular-weight copolymers containing 
both aromatic and aliphatic diamines can 
be similarly prepared. 

Preferred reaction times range from 2 to 
24 hours and depend on the purities of the 
monomers and on the monomer concen­
trations. Reaction temperatures above 
200 OC can produce insolubles in the solu­
tion. Aliphatic diamines with PMDA pro­
duce crystalline polymers and with BTDA 
produce amorphous polymers. The pre­
ferred condensation technique for copoly­
mers containing both aliphatic and aromat­
diamines involves the precondensation of 
the aliphatic diamine with the dianhydride 
at 180 °C, followed by the addition of the 
aromatic diamine to produce the high­
molecular.-weight polyimide. 

Moldings of the aliphaticlaromatic 
polyimides tested for solvent resistance 
showed that the crystalline polyimides 
from PMDA with such diamines as 1,6-hex­
anediamine (HDA) and 1,!ffictanediamine 
had excellent resistance to chloroform, 
which dissolves many thermoplastic res­
ins. The polyimides from BTDA with ali­
phatic diamines showed poor resistance to 

chloroform. However, when 50 mole per­
cent or greater quantity of m-phenylene­
diamine (m-PDA) was substituted for a 
corresponding quantity of the aliphatic dia­
mine, the resulting copolymers had excel­
lent resistance to chloroform. The poIyim­
ides from PMDA with 1,!ffictanediamine 
and from BTDA with 50150 weight percents 
of m-PDA and 1 ,!ffictanediamine showed 
no evidence of cracking or crazing under 
stress after exposure to acetone, chloro­
form, or tricresylphosphate for 500 hours. 

The polymer from BTDA with equal 
weight percents of m-PDA and 1,8-oc­
tanediamine exhibited the following neat 
resin properties of tensile strength, tensile 
modulus, and elongation at yield: at 
25°C, 114 MPa (16,500 psi), 3,340 MPa 
(485,000 psi), and 5.6 percent, respective­
ly, and at 82°C, 89.6 MPa (13,000 psi), 
2,550 MPa (370,000 psi), and 4;0 percent, 
respectively. 

The inclusion of aliphatic moieties into 
the backbones of polyimide polymers low­
ers their glass-transition temperatures 
and, consequently, the temperatures re­
quired to mold them. The molding temper­
atures of less than 316°C that were 

Aluminum Alloys for High Temperatures . 

achieved typically lead to good fusion of 
such poIyimides. Thus, low molding tem­
peratures in combination with good solvent 
resistance make these polymers potential 
candidates for use in aerospace applica­
tions, particularly as matrices for fibrous 
composites for structural applications. 

This work was done by 07adwick B. 
Delano and 07arles J. Kiskiras of Acurex 
Corp. for Langley Research Center. Fur­
ther information may be found in NASA 
CR-172568 [N85-312391NSPl "Develop­
ment of an Impact- and Solvent-Resistant 
Thermoplastic Composite Matrix­
Phase III." 

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 (BOO) 336-4700. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Langley Research Center [see page 18]. 
Refer to LAR-13635. 

New AI/Li alloys processed by rapid solidification show greatly improved strength-to-density ratios. 

Langley Research Center, Hampton, Virginia 
Titanium alloys and 2XXX-series 

aluminum alloys are currently used in 
aerospace structural applications requir­
ing service in the temperature range of 250 
to 500 OF (120 to 260 0c). Although titanium 
alloys have high strengths, they have den­
sities higher than those of the aluminum 
alloys. The 2XXX aluminum alloys have low 
strengths with severe losses of strength at 
temperatures above 300 OF (150°C). 
Aluminum/lithium alloys have very low den­
sities and high strengths at ambient tem­
perature and are thus attractive candi­
dates for improved ratios of strength to 
density at high temperatures. However, 
previous work on Al/U alloys processed by 
ingot metallurgy and rapid solidification 
has shown significant degradation of 
strength following exposures to high tem­
peratures longer than 1 hour. Improved 
Al/U alloy compositions are required to 
produce high strengths for long exposures 
to high temperatures. 

Al/3Cul2U/l Mg/O.2Zr, Al/3Cu/2U/l Mgl 
1 Fell Ni/0.2Zr, and AI/3Cu /2Li/l Mgl 
1.6Cr/0.2Zr alloys processed by rapid 
solidification were prepared with strength­
to-density ratios up to 15 percent greater 
than those of solution-treated and aged 
titanium alloys and up to 34 percent 
greater than those of mill-annealed ti­
tanium alloys exposed for more than 100 
hours at temperatures of 75 to 300 OF (25 
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to 150 0c). The new alloys have strength-to­
density ratios up to 56 percent greater than 
those of conventional high-temperature 
2XXX alloys at 25 to 150°C and up to 118 
percent greater at 260°C for exposure 
times in excess of 100 hours at the stated 
temperatures. In addition, the new alloys 
have strength retention (strength at high 
temperature divided by strength at am­
bient temperature) superior to that of all 
competitive titanium- and aluminum-based 
alloys used at temperatures up to 150 OC. 

Powders of the new alloys are produced 
by inert-gas atomization at solidification 
rates in excess of 103 Kls. The powders are 
consolidated by cold pressing, canning, 
vacuum degassing, vacuum hot pressing, 
and hot extrusion. This rapid-solidification 
processing allows segregation less incor­
poration of the Cu, U, and Mg, which make 
precipitates that provide large increments 
of strength after exposure up to 150 °C for 
long times. The processing enables the 
production of incoherent dispersoids, con­
taining either Fe + Ni or Cr, of sufficiently 
small diameter and homogeneous distribu­
tion to increase significantly the strength at 
high temperatures. 

These alloys are promising candidates 
for use in structural members that must be 
able to withstand temperatures of at least 
150°C for long times without losses in 
properties, as in such high-performance 

aircraft as supersonic fighters, bombers, 
and transports. The alloys are suitable sub­
stitutes for heavier titanium alloys and 
weaker aluminum alloys in these applica­
tions. They are also suitable for use in 
those high-performance-aircraft struc­
tures that are heated by engines and that 
are normally constructed from titanium al­
loys. The new alloys can be used in these 
applications with significant reductions in 
structural weight. 

This work was done by Peter J. 
Meschter, Richard J. Lederich, and James 
E. O'Neal of McDonnell Doug/as Corp. for 
Langley Research Center. Further infor­
mation may be found in NASA CR-178145 
[N86-31698INSP}, "Study Effects of 
Powder and Flake 07emistry and Morpho­
logy on the Properties of Af.Cu-Mg-X-X-X 
Powder Metallurgy Advanced Aluminum 
Alloys - Final Report. " 

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

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Langley Research Center [see page 18]. 
Refer to LAR-13632. 
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Recycling Silane 
This costly gas would be purified after use in a deposition reactor. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed method for recycling 
silane promises to reduce the cost of pro­
ducing pure silicon for semiconductor 
deviqes. At present, only a small portion 
of the silane fed to a reactor is consumed 
in the formation of amorphous silicon 
films. The unused gas is burned as it 
leaves the reactor. The proposed method 
would reduce the waste of this material, 
which costs about $200 per kilogram 

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

Extinguishing Fuel·Leak 
Fires in Jet Engines 
Potassium dawsonite and 
several other chemicals are 
effective in delaying reignition. 

A report describes tests of dry chemicals 
for extinguishing fires on jet engines. Re­
search in this field continues because fires 
from in-flight fuel leaks grow more difficult to 
extinguish as airspeeds, engine case tem­
peratures, and bleed-air temperatures in­
crease. The current practice for extinguish­
ing such fires is to spray the flames with a 
Halon, such as CF3Br, CF2Br2, or CFpBr. 
However, more effective extinguishants are 
still being sought. 

In static tests, jet fuel was fed in drops by 
gravity through a 0.1-centimeter-diameter 
tube into a trough heated to a temperature 
between 700 and 900 °C by an underlying 
electric heater. A thermocouple welded to 
the trough measured the temperature near 
where the drop fell. 

When the fuel burst into flames, a given 
weight of dry extinguishant was discharged 
into the trough near the illl'inging drops. 
The dry chemical usually extinguished the 
fire, but the fuel drops were a110Ned to con­
tinue to fall into the trough and eventually 
were reignited by the heated trough. The 
time from the first extinguishment to the 
second fire - the so-ailled reignition delay 
time - was the prime measurement in 
ranking the effectiveness of the dry-chemi­
cal extinguishants. 

In dynamic tests, jet fuel was dropped on 
an electrically heated stainless-steel cylin­
der, while air flowed over the surface at 
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(1985 prices). 
In the new method, the exhaust gas 

would pass through a series of 
permeable membranes. The membranes 
would remove polymerized silicon 
hydrides, which are unusable in the reac­
tor. The remaining gas - a mixture of 
purified silane and hydrogen - would be 
reconstituted to its original concentration 
by the addition of more silane. The 

speeds ranging from 6 to 36 meters per se­
cond. After ignition, a given weight of extin­
guishant was discharged onto the surface, 
and the reignition delay time was measured. 

The report concludes that certain dry 
chemicals have greater effectiveness per 
unit weight than do Halons in controlling 
fuel-leak fires, particularly at high airflow 
rates. For example, KiX>3, KHC03, and 
KC2N2H30 3 ("monnex") are better than 
CF2CIBr in delaying the hot-surface re­
ignition of these fuel-leak fires after initial 
extinguishment. One of the promiSing new 
extinguishants is a mixture of potassium 
dawsonite [KAI(OH):P)i1 with KCI or KI. 
When discharged on a jet fuel fire, this dry 
powder sticks to hot surfaces. After it puts 
out the fire, its residue acts as a barrier that 
delays reignition, even when fuel continues 
to leak on the surfaces. All conclusions re­
main tentative, however, and flight tests will 
be needed to prove the effectiveness of dry 
extinguishants in nacelle fires. 

This work was done by R. L Altman of 
Ames Research Center. To obtain a copy 
of the report, "Extinguishing Fuel-Leak Fires 
With Ory07emicals, "Circle 1000n the TSP 
Request Card. 

Inquiries conceming rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Ames 
Research Center [see page 18]. Refer to 
ARC-11553. 

Dielectric Monitoring of 
Curing Composites 

Monitoring of dielectric 
properties may improve the 
curing process, but 
additional research is 
needed. 

A report describes preliminary at­
tempts at dielectric monitoring of the cur­
ing of graphitelepoxy and carbon/phenol­
ic composites. The objective of such 
studies is to develop dielectric monitoring 

purified mixture would be stored in a 
holding tank until needed. Alternatively, 
the hydrogen and silane could be 
separated by passing the mixture through 
another set of membranes. 

This work was done by Ralph Lutwack 
of Galtech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 105 on the TSP Request card. 
NPO-16625 

for optimizing the curing process and 
thus reduce the incidence of failures of 
the produced composite structures. 

Such factors as exotherms from poly­
merization, curing kinetics, cross-linking 
reactions, the heat-transfer character­
istics of the part being formed, and the 
temperature distribution within the hy­
droclave, autoclave, or press can make 
the temperature of the curing composite 
different from the temperature of the pro­
cessing or monitoring units. 

Preliminary studies have been con­
ducted on two types of dielectric cure­
monitoring systems, each applied to both 
epoxy and phenolic composites. One of 
the systems included automatic dielec­
trometers operating at various frequen­
cies from 100 Hz to 100 kHz. This system 
required two electrodes as parallel 
plates, with the sample as the dielectric 
medium of the capacitive cell. The sys­
tem, however, was unsuitable for highly 
conductive, heterogeneous composite 
materials. While successful results were 
obtained for epoxy resin in an indirect lay­
up configuration, the bare aluminum-foil 
electrodes in this system were incompati· 
ble with the direct layup configuration 
necessary for routine monitoring and 
control of manufacturing processes. This 
system was unsuccessful in monitoring 
the curing of the highly conductive car­
bonlphenolic mixture, apparently be­
cause the bare foil electrodes were 
shorted out. Various physical barriers 
placed between the resin and the elec­
trodes proved to be opaque to the 
dielectric-monitoring signals. 

Some success was achieved with 
another dielectrometer system. There 
the dielectric-monitoring signals were 
measured with a microchip probe in 
which the electrodes and the thermocou­
ple were part of the same integrated cir­
cuit. Initial cure-monitoring data dis­
played distinct regions that corresponded 
to portions of the cure cycle. Although 
further work is necessary to determine 
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the significance of the experimental data, 
these data appeared to be corroborated 
by data from dynamic mechanical analy­
sis. 

Finally, the theoretical analysis of ex­
perimental data indicated the need for a 
new term to express the contribution of 
ionic conduction to the dielectric per­
mitivity. This term, hitherto unreported, 
becomes Important when boundary-layer 
effects and consequent electrode shield­
ing, are taken into account. The initial in­
vestigation indicates that the ionic-con­
duction effect is controlled by diffusion. 

This work was done by Benjamin E. 
Goldberg and Marie L. Semmel of Mar­
shall Space Flight Center. Further in­
formation may be found in NASA 
TM-86452 [N84-313781NSP], "Dielectric 
Cure Monitoring. " 

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 (BOO) 336-4700. The report 
is also available on microfiche at no 
charge. To obtain a microfiche copy, Cir­
cle 161 on the TSP Request Card. 
MFS-27082 

Producing Low·Oxygen 
Samarium/Cobalt Magnet 
Alloy 
An oxygen content of only 
70 parts per million was 
achieved. 

Experiments aimed at producing 
SmCos alloy with low oxygen con­
tamination are described in a report. The 
lower the oxygen contamination of the 
alloy, the closer the coercivity of magnets 
compacted from powdered alloy should 
approach the theoretical upper limit of 
350 kOe (2.8 x 107 AIm). 

Two methods of alloying by melting 
without contact with crucible walls were 
tested. The lowest oxygen contamination 
(70 parts per million) was achieved by dc 
arc melting on a water-cooled, tantalum­
clad copper hearth in a purified quiescent 
argon atmosphere. The higher oxygen 
content obtained with RF levitation and 
heating in flowing helium (200 parts per 
million) apparently resulted from oxygen 
contamination in the helium. 

It is expected that the oxygen content 
of the alloy prepared in zero gravity, 
where no helium cooling jet would be re­
quired, would be similar to, or lower than, 
that of the arc-melted alloy. Commercial 
alloys with oxygen contamination as low 
as 150 parts per million are available. 

The report also describes plans and 
preliminary experimental work on avoid­
ing oxygen contamination during the 
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fabrication of the compacted alloy from 
the powder. A stainless-steel chamber 
that can be evacuated and baked out to 
reach a low pressure of 10-6 torr (about 
104 Pa) is used to provide an oxygen-free 
argon atmosphere for powder prepara­
tion and compaction. After compaction of 
the powder, the canister is to be sealed 
by welding . The powder in the sealed 
canister is to be hot isostatically pressed 
into solid billets. 

The report includes photographs of the 
equipment, photomicrographs of the al­
loy samples, detailed descriptions of the 
procedures tried, and tables of the ox­
ygen contamination and intrinsic coer­
civities of the samples produced. A paper 
on SmCos magnets produced by hot 
isostatic preSSing is included in an appen­
dix. 

This work was done by Dilip K. Das and 
Kaplesh Kumar of The Charles Stark 
Draper Laboratory, Inc. and Robert T. 
Frost and C. W. Chang of General Electric 
Co. for Marshall Space Flight Center. 
Further information may be found in 
NASA CR-161823[N81-758551NSP], "Ulti­
mate Intrinsic Coercivity Samarium­
Cobalt Magnet - on Earth-Based Feasi­
bility Study for Space Shuttle Missions. " 

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 (BOO) 336-4700. The report is 
also available on microfiche at no charge. 
To obtain a microfiche copy, Orcle 9 on 
the TSP Request Card. MFS-27011 

Effects of Hydrogen on 
Experimental Alloys 

Tensile-strength data are 
given on candidates for 
service in a hydrogen 
atmosphere. 

A report presents the results of tensile 
tests on experimental alloys for use in 
contact with pressurized hydrogen gas. 
The tests determined the extent to which 
tensile strength deteriorated in hydrogen. 
The specimen materials included Inco­
loy· 907, various Fe/Ni/Co/Cr alloys, and 
some Cu/Ni alloys. The report describes 
the materials, eqUipment, and proce­
dures. It presents conclusions for the pro­
gram and for the individual tests. It in­
cludes information from 23 previously 
issued monthly progress reports. 

Smooth and notched tensile speci­
mens of Incoloy· 907 were tested in both 
hydrogen and helium atmospheres at 
temperatures up to 760 °C and pressures 
up to 34.5 MPa. Tests were also conduct­
ed in air at the ambient temperature and 

pressure. The deterioration was found by 
comparing the results for hydrogen with 
those for helium or air. Except for a small 
increase over the temperature range of 
about 430 to 600 00, the notch tensile 
strength dropped progressively with in­
creasing temperature; the strength loss in 
hydrogen was 34 percent at the maxi­
mum temperature. The effect was less 
pronounced on the smooth specimens; 
strengt~ dropped by 17 percent at the 
highest temperature. 

For the Fe/NilColCr alloys, notch speci­
mens were tested at room temperature 
and a hydrogen pressure of 34.5 MPa. 
The tensile-strength range varied from 
635.7 to 1,390.0 MPa for 19 air-melt 
alloys. For six vacuum-melt alloys, it 
ranged from 1,184.5 to 1,394.8 MPa. 

For the Cu/Ni specimens, which were 
notched and from vacuum melts, the 
range in tensile strength was 308.2 to 
1,811.2 MPa for 27 different composi­
tions. These specimens were tested un­
der the same conditions as those for the 
Fe/Ni/Co/Cr alloys. 
·"Incoloy" is a registered trademark of 
the Inco family of companies. 

This work was done by K.F. Tosi, J. 
Mucci, J. R. Teel, D. G. Kelly, B. J. Holley, 
and J. Greenwood of United Technolo­
gies Corp. for Marshall Space Flight 
Center. To obtain a copy of the report, 
"Study of Mechanical Properties of Ex­
perimental Alloys in Gaseous Hydrogen, " 
Orcle 31 on the TSP Request Card. 
MFS-27060 

New Products 

A new treatment of aluminum foil used to 
manufacture honeycomb core allows 
aluminum sandwich construction that is 
invulnerable to hostile fluid environments. 
American Cyanamid Company's C/'Iayne, 
NJ) PAA-Core aluminum honeycomb is 
manufactured by anodizing the foil in 
phosphoric acid and coating it with a 
corrosion-resistant primer. The foil surface 
is completely protected, making the 
adhesive face bond impervious to water 
damage. Circle Reader Service Number 
310_ 

3M Company (St. Paul, MN) adds Interam 
FireOam 150 Caulk, a single component 
endothermic caulk, to its line of Interam 
Structural Steel and Electrical Wrap Fire 
Protection Systems. The product blocks 
heat by chemically absorbing heat energy. 
It is water-ciispersed and non-flammable, 
with easy installation and cleanup. Circle 
Reader Service Number 502. 
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For two cents you can: 
Watch a baseball game from the bleachers 

for 1/25th of an inning, 
park your car for 8 minutes, 

share a stick of gum with two friends, 
see 4 seconds of a Broadway show, 

or 
help manufacture a perfectly pure crystal 

to give America the edge 
in creating the next generation 

of supercomputers. 

Support the Space Station. 

The Space Station's potential for improving life on our planet is boundless. Yet Ine cost of building and maintaining it 
comes to roughly two cents a day for every American. Your support for Ine NASA Space Station will make a difference. 
Sogetyou~twocents' worft1 in. SoyyestoAmerico'smanned ItIICDONNELL 
space station program. DOUGLAS 

C 1987 McOomen Douglas CoIporalion 

Circle Reader Action No. 372 



Computer Programs COSMIC: Transferring NASA Software 
COSMIC, NASA's Computer Software Management and Informa­

tion Center, distributes software developed with NASA funding to in­
dustry, other government agencies and academia. 62 Program for Paraboloidal 

Solar Concentrators 
62 Simulation of Airplane and 

Rocket Trajectories 

COSMIC's Inventory Is updated regularty; new programs are re­
ported In Tech Briefs For additional information on any of the pro­
grams described here, circle the appropriate TSP number. 

62 Integrated Analysis Capability 
Program 

If you don't ~Ind a program in this issue that meets your needs, call 
COSMIC directly for a free review of programs in your area of Interest. 
You can also purchase the 1986 COSMIC Software Gatalog, contain· 
ing deSCriptions and ordering information for available software. 

63 FORTRAN Algorltm for Image 
Processing 

64 Expert System for Automated 
Design Synthesis 

COSMIC Is part of NASA's Technology Utilization Network. 

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

(I) PhY1lCll1c:Ianc8a 

Program for Paraboloidal 
Solar Concentrators 
The optical performances of 
design alternatives can be 
estimated. 

The Solar-Goncentrator Code for Para­
boloidal Dishes (SOLCOL) aids in the de­
sign and analysis of solar collectors in a 
space station. SOLCOL calculates the 
quality of the solar image and the flux distri­
bution on a specified target surface. The 
receiver target may be the focal plane, a 
cylinder, a hemisphere, or any arbitrary 
surface, the normals to which can be sUIf 
plied. SOLCOL can be used to assess the 
optical performance of the concentrator. 
The examples provided in the documenta­
tion compare the distribution of flux on re­
ceivers of different shapes and investigate 
the effects of different reflector materials. 

The input parameters defining a con­
centrator system are grouped in the follow­
ing three categories: 
1. The solar-optics variables include the 

reference flux, the profile of the solar 
disk, the distance to the sun, the specu­
larity, and the reflectance. 

2. The geometrical specifications of the 
concentrator include the focal length 
and coordinates of the collector dish 
and concentrator. 

3. The target-pos~ion and flux-distribution 
format parameters include the size and 
shape of the aperture, the mesh defini­
tion, and the surface normals. 
The solar radiance is chosen as one of 

the following models: a uniform solar disk, 
limb darkening based on either a Kuiper 
distribution or the Angstrom approxima-
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COSMlce - John A. Gibson, Director, (404) 542-3265 
Computer Services Annex, University of Georgia, Athens, GA 30602 

tion, or a Gaussian sun-shape distribution. 
There are also options for target shading 
and blocking. Output from SOLCOL con­
sists of the flux intensity in kilowatts per 
square meter at up to 400 user-specified 
target points. 

SOLCOL is written in FORTRAN 77 for 
batch execution and has been implement­
ed on a UNIVAC 1100-series computer 
operating under EXEC 8. This program was 
developed in 1985. 

This program was written by Uang-Chi 
Wen, and Philip O'Brien of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 111 on the TSP 
Request Card. NPO-16870 

o IItIChIInlca 

Simulation of Airplane and 
Rocket Trajectories 

Capabilities range from simple 
ballistics to complicated 
aerodynamic problems. 

The Simulation and Optimization of 
Rocket Trajectories program {SORn con­
tains comprehensive mathematical mod­
els for simulating aircraft dynamics, freely 
falling objects, and many types of ballistic 
trajectories. SORT provides a high-fidel ity, 
three-degrees-of-freedom simulation for 
atmospheric and exoatmospheric flight. 
SORT numerically models the vehicle sub­
systems (aerodynamics, propulsion, steer­
ing, and moment balance) and the vehicle 
environment (g ravitat ional force , at­
mospheric properties, and winds). SORT 
has been used for a wide range of simula­
tions, from the unpowered coasting trajec­
tory of a point mass under simple gravity to 
such complex vehicles as the Space Shut­
tle. 

The aerodynamic model in SORT calcu­
lates longitudinal and lateral forces and 
three-axis moment balances. Contribu­
tions from the forebody and power -00 base 
effects are included. The vehicle, if pow­
ered, may have fixed or controllable en­
gines fired by a single propellant or a 
fuel/oxidizer mix. Engine-thrust, throttle, 
and shutdown effects are modeled. The 
mass subsystems in SORT include tank 

slosh and weight changes due to propel­
lant use and vent systems Oce, thermal in­
sulation, etc). 

SORT allows the use of phases or timing 
events; for example, ignition , lift-off, 
throttle-up, the separation of solid-fuel 
rocket boosters, and the like. These events 
are used as control points for the iterations 
composing the various mathematical mod­
els. Each iteration employs one of four 
techniques for optimization: (1) Newton­
Raphson, (2) secant, (3) quadratic curve fit, 
or (4) carpet plotting. 

A table-lookup module to process input 
data features six standard table types with 
three interpolation options. Types of output 
that may be specified include: (a) data 
echo or input summaries; (b) iteration sum­
maries; (c) detailed print blocks for aerody­
namics, engines, equations of motion, or­
bital elements, and mass properties; and 
(d) trajectory-plot file generation in either 
TRWPLOT or MPAD format. 

SORT is written in machine-independent 
FORTRAN 77 for batch execution and has 
been implemented on a UNIVAC 1100-
series computer with a central-memory re­
quirement of approximately 69 K of 36-bit 
words (40 K if overlaid). This program was 
developed in 1984. 

This program was written by Magdy M. 
Wahbah, Michael J. Berning, and Tony S. 
Choy of McDonnell Douglas Corp. for 
Johnson Space Center. For further infor­
mation, Circle 143 on the TSP Request 
Card. MSC-20933 

I i FabrlcaUon Tdnolog, 

Integrated Analysis 
Capability Program 
An interactive program 
assists in the design of large 
structures. 

The objective of the Integrated An­
alysis Capability (lAC) software system is 
to provide a highly effective, interactive 
analysis tool for the integrated design of 
large structures. lAC was developed to 
serve as an interface for. programs from 
the fields of structures, thermodynamics, 
controls, and system dynamics with an 
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executive system and data base to yield a 
highly-efficient multidisciplinary system. 

Special attention is given to such user 
requirements as data handling and online 
assistance with operational features and 
the ability to acid new modules of the 
user's choice at a future date. lAC con­
tains an executive system, a data base, 
general utilities, interfaces to various 
engineering programs, and a framework 
for building interfaces to other programs. 
lAC has shown itself to be effective in 
automating data transfer among analysis 
programs. 

The lAC system architecture is modu­
lar in design: 
• The executive module contains an input 

command processor, an extensive data­
management system, and a driver code 
to execute the application modules. 

• Technical modules provide stand-alone 
computational capability as well as sup­
port for various solution paths or coupled 
analyses. 

• Interface modules provide for the re­
quired data flow between lAC and other 
modules. 

• User modules can be arbitrary ex­
ecutable programs of job-control-Ian­
guage (JCL) procedures with no prede­
fined relationship to the lAC system. 

• Special-purpose modules are included; 
for example, MIMIC (Model Integration 
via Mesh Interpolation Coefficients), 
which transforms field values from one 
model to another; LINK, which simplifies 
the incorporation of user-specific mod­
ules into lAC modules; and DATAPAC, 
the National Bureau of Standards 
statistical-analysis package. 
The lAC data base contains structured 

files that provide a common basis for 
communication between modules and 
the executive system and can contain 
such unstructured files as NASTRAN 
checkpoint files, DISCOS plot files, object 
code, etc. A full data-manipulation and 
query system operates with the data 
base. 

The current interface modules com­
prise the following five groups: 
1. Structural analysis - lAC contains a 

NASTRAN interface for stand-alone an­
alysis or certain structural/cantrall 
thermal combinations. lAC provides en­
hanced structural capabilities for nor­
mal modes and static deformation an­
alysis via special DMAP sequences. 

2. Thermal analysis - lAC supports finite­
element and finite-difference tech­
niques for steady-state or transient an­
alysis. There are interfaces for the 
NASTRAN thermal analyzer, SINDAI 
SINFLO, andTRASYS II. 

3. System dynamics - A DIOCOS inter­
face allows full use of this simulation pro­
gram for either nonlinear time-domain 
analysis or linear frequency-domain 
analysis. 
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4. Control analysis - Interfaces for the 
ORACLS, SAMSAN, NBOD,andlNCA 
programs allow a wide range of control­
system analyses and synthesis tech­
niques. 

5. Graphics - The graphics package 
PLOT is included in lAC. PLOT 
generates vector displays of tabular 
data in the form of curves, charts, cor­
relation tables, and the like. Either 
013000 or PLOT-1 0 graphics software is 
required for full graphics capability. 
lAC is written in FORTRAN 77 and has 

been implemented on a DEC VAX-series 
computer operating under VMS. lAC can 
be executed by multiple concurrent users 
in a batch or interactive mode. The basic 
central-memory requirement for lAC is 
approximately 750K of &bit bytes. The lAC 
with controls-analysis modules (GSC-
12992) includes interfaces and source 
codes for the control programs (ORACLS, 
SAMSAN, NBOD, and DISCOS) and full 
documentation for these programs. The 
basic lAC (GSC-12994) includes only the 
interfaces for the control programs. Level 
1.5 of lAC was developed in 1985. 

This program was written by Harold P. 
Frisch and Joan A. Sanborn of Goddard 
Space flight Center and Robert G. Vos, 
David L. Beste, and Joseph Greg of 
Boeing Aerospace Corp. For further In­
formation, Circle 45 on the TSP Request 
Card. 
GSC-12992 and GSC-12994 

~ Mllll8mallcslnd 
~ Intormdon lCIancea 

FORTRAN Algorithm 
for Image Processing 

Applications might include 
scientific, industrial, 
and biomedical imaging_ 

A FORTRAN computer algorithm that 
contains various image-processing analy­
sis and enhancement functions has been 
developed by the Lewis Research Center. 
The algorithm was developed specifically 
to process images of developmental heat­
engine materials obtained with sophisticat­
ed nondestructive evaluation instruments. 

Digital image processing has found 
many applications in SCientific, biomedical, 
and industrial areas. Specific applications 
include the automatic classification of ter­
rain through pattern-recognition tech­
niques, the formation and enhancement of 
biomedical imagery. and the enhancement 
of radiographs and acoustic images of cri­
tical components containing possible 
flaws. 

A variety of image-processing systems 
are available. and the level of software 

CA 
OEEE-583) 

Your Standard 
Tools for 

Data Acquisition 
and Control 

For 15 years, KSC has been sup­
plying users in laboratories, plants, 
and R&D facilities with practical 
CAMAC (lEEE-5831 hardware and 
software tools for automation. The 
reason is simple. CAMAC, the inter­
national standard for Computer Auto­
mated Measurement And Control, 
provides modular real-time data ac­
qUisition and control solutions that 
can be implemented a step at a time. 
CAMAC features .. _ 

Full Standardization. Specified by the 
IEEE, ANSI, and IEC. 
Open-end Architecture. Start as small 
as you like and expand when and 
how you want. 

Multicomputer Support_ Interfaces 
for a wide range of computers, such 
as DEC, CDC, MODCOMP, Gould/ 
SYSTEMS, and Hewlett-Packard_ 
High Data Rates. Data transfer rates 
to 348,000 bytes per second with 
DMA interfaces. 
Unsurpassed Selection of Process I/O 
Modules. From AID and DIA con­
verters and signal multiplexers to 
even t counters and transient re­
corders. 

Powerful Distributed Systems_ Peak 
block rates up to three million 
date bytes per second over a fiber 
optic serial highway to as many as 
62 remote stations. 
Supporting Software_ Easy to use 
CAMAC handlers, software drivers, 
and Process Control/Data Base System 
software packages_ 

Field-proven System Desilln. Used in 
such facilities as Boemg, Nalco 
Chemical, Kimber/ey-Clark, Diflital, 
NASA, Bell Labs, Martin Marietta, 
DUPont, and General Electric. 
Join the growi'lg list of users who are 
specifying our CAMAC tools for their 
system development_ Call us today. 

ticSy tem 

11 Maryknoll Dr., Lockport,lL 60441 
(815) 838'()()()5 

TWX: 910 635 2831 
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developed for each system varies. In some 
cases, the image processor is provided by 
the manufacturer as part of a minicompu­
ter system. Such a system may include 
"user-friendly" software that requires little 
if any additional programming effort by the 
purchaser. In other cases, the image proc­
essor is purchased separately from a com­
puter system and must be integrated into 
the system. Software may be provided and 
would have to be organized by an experi­
enced computer programmer to develop 
powerful image-processing capability. 

The subject FORTRAN program was 
developed for a O:>mtaVGrinnell27 4 image 
processor interfaced with a Digital PDP 
11/45 minicomputer. Its task file requires 
64 kilobytes (125 blocks) of memory. The 
program was written using software rou­
tines provided by Comtal/Grinnel1. Consi­
derable additional FORTRAN programm­
ing was required to organize the routines to 
perform the desired functions. The pro­
gram is organized into nine subroutines 
displayed on a main menu. The subrou­
tines are chosen by the use of a computer 
keyboard. Within the subroutines are other 
routines, also selected via keyboard. 

Some of the functions performed with 
this program include digitization, storage, 
and retrieval of images; image enhance­
ment by contrast expansion, addition and 

j>ubtraction, magnification, inversion, and 
bit shifting; display and movement of a cur­
sor; display of a plot of the number of im­
age pixels versus the gray level (gray-level 
histogram of the image); and display of a 
plot of the variation of the gray level as a 
function of position within the image. Possi­
ble applications of this program include 
SCientific, industrial, and biomedical imag­
ing for studies of flaws in materials, analy­
ses of steel and ores, and pathology, re­
spectively. 

This program was written by Don J. Roth 
and David R. Hull of lewis Research Cen­
ter. For further information, Circle 46 on 
the TSP Request Card. LEW-14291 

Expert System for 
Automated Design 
Synthesis 

Engineers are assisted in 
searching for optimum 
solutions. 

The expert-system computer program 
called EXADS was developed to aid users 
of the Automated DeSign SyntheSiS (ADS) 
general-purpose optimization program. 
Because of the general-purpose nature of 
ADS, it is difficult for a nonexpert to select 
the best choice of strategy, optimizer, and 
onEH:limensional search options from the 
100 or so combinations that are available. 
EXADS aids an engineer in determining the 
best combination based on knowledge of a 
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specific problem and the expert knowl­
edge stored in the knowledge base. 
EXADS is a customized application of the 
AESOP artificial-intelligence program. (The 
general version of AESOP is available 
separately from COSMIC. The ADS pro­
gram is also available from COSMIC.) 

The expert system consists of two main 
components: the knowledge base con­
tains about 200 rules and is divided into 3 
categories: (1) constrained, (2) uncon­
strained, and (3) constrained treated as un­
constrained. The EXADS inference engine 
is rule based and makes decisions about a 
particular situation using hypotheses 
(potential solutions), rules, and answers to 
questions drawn from the rule base. EX­
ADS is backward chaining; that is, it works 
from hypotheses to facts. The rule base 
was compiled from such sources as litera­
ture searches, ADS documentation, and 
surveys of engineers experienced in opti­
mization. 

EXADS will accept such answers as 
"yes," "no," "maybe," " likely," and "don't 
know" or a certainty factor ranging from 0 
to 10. When any hypotheSiS reaches a con­
fidence level of 90 percent or more, it is 
deemed the best choice and displayed to 
the user. If no hypothesis is confirmed, all 
hypotheses with confidence levels greater 
than 10 percent are displayed. The user 
can examine explanations of why the hy­
potheses failed to reach the 9O-percent 
level. 

EXADS is available in two interactive 
machine versions. The I BM PC version 
(LAR-13687) is written in IQ-LlSP for execu­
tion under DOS 2.0 or higher with a central­
memory requirement of approximately 
512K of 8-bit bytes. The DEC VIV< version 
(LAR-13688) is written in Franz-LISP for 
operation under VMS. This program was 
developed in 1986. 

This program was written by James L 
Rogers, Jr., of Langley Research Center 
and Jean-Francois M. Barthelemy of Vir­
ginia Polytechnic Institute and State Uni­
versity. For further information, Circle 155 
on the TSP Request Card. 
LAR-13687 

New Products 

Alllant Computer Systems Corporation 
(Littleton, MA) has introduced the FXlAda 
Development System on their high-perfor­
mance FXlSeries mini supercomputer sys­
tems. FXlAda combines Alliant's parallel 
processing architecture with the parallel 
constructs inherent in Ada. A single Ada 
program with multiple tasks will execute in 
parallel across the FXlSeries' computa­
tional elements and interactive processors, 
thereby delivering increasingly faster ex­
ecution as processors are added to the 
system. Circle Reader Service Number 
301. 

Gould Inc., Computer Systems Division 
(Ft. lauderdale, FL) announces a new fami­
ly of 100-MIP class mini supercomputer 
systems. The NP1 , is the initial offering in 
a family of compatible systems called the 
N-Processor Line, or NPL. The NPl fami­
ly's target applications include compute­
intensive, real-time scientific and engi­
neering problems. Because of the ma­
chine's large memory, it will be useful for 
data acquisition, data base systems and 
large multi-user environments. Circle 
Reader Service Number 509. 

Tartan laboratories (Pittsburgh, PAl and 
Rational (Mountain View, CAl announced 
plans to develop a 1750A Ada cross com­
piler for the Rational R1000 Development 
System. This is an extension of a jOint 
development agreement between the two 
companies to integrate Tartan's optimiza­
tion and code generation capabilities and 
Rational's Interactive development en­
vironment. Under the agreement, Tartan 
will supply a high quality code generator 
and runtime support for the 1750A cross 
compiler. The Tartan Ada code generator 
and runtime will be fully integrated into the 
Rational Mll·STD-1750A Cross-Develop­
ment Facility library and compilation sys­
tem. Circle Reader Service Number 437. 

To improve the vector processing abilities 
of the CYBER 99OE, Control Data Corp. 
(Minneapolis, MN) introduces their FOR­
TRAN Version 2 Compiler and the Model 
887 Superspeed Disk System, a disk drive 
that transfers data at up to 12 Mbytes/se­
condo Circle Reader Service Number 424. 

Nicolet (Madison, WI) announces Wave­
form BASIC for the IBM PC. The program 
transfers, displays, saves, plots and manip­
ulates data from the 2090, 4094, 3091 and 
320 digital oscilloscopes. Pre-programmed 
routines for Integration, FFT, arithmetic 
functions, RMS, Mean and other functions 
work on whole or partial waveforms. BASIC 
commands let users create and run custom 
programs to quickly get answers from their 
data Data outputs include hard copy prin­
ting and plotting, sending waveforms to 
ASCII files and printing data values in tab­
ular form. Circle Reader Service Number 
415. 

Convex Computer Corporation (Richard­
son, TX) announced that the Sal-based 
ORACLE relational database management 
system, fourth generation language tools 
and decision support software will be avail· 
able on Convex supercomputers. Under the 
terms of the agreement, Convex has non­
exclusive worldwide marketing rights to 
the Oracle products on the Convex line of 
air cooled, 64-bit minisupercomputers 
which include the C1 Xl, an entry level sy­
stem and the high performance mUlti-pro­
cessor C1 XP. The ORACLE DBMS pro­
vides a high performance relational system 
across a wide range of computers and op­
erating systems, including Unix. The Con­
vex minisupercomputers run under the in­
dustry standard Unix 4.2 BSD operating sy­
stem. Circle Reader Service Number 414. 
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Measuring the 
Interlaminar Shear 
Strengths of 
Composites 

Sender _~~--r-_--, __ ~Recelver 

An ultrasonic technique 
performs nondestructive tests. 

Lewis Research Center, 
Cleveland, Ohio 

All acousto-ultrasonic technique utiliz, 
ing a computer and waveform digitizer has 
been developed for the nondestructive 
evaluation (NOE) of composite materials. 
The technique has been employed on fila­
ment·wound composite (f\NC) specimens 
cut from sample segments of graphitel 
epoxy cylinders. The technique is being 
developed at NASA's Lewis Research 
Center for use on large composite struc· 
tures to verify integrity and to assure 
reusability. Similar applications of the tech­
nique are anticipated for a variety of com­
posite structures, such as pipelines and 
storage tanks. 

The sequence of tests carried out on the 
f\NC specimens is shown in Rgure 1. The 
top illustration represents the nondestruc· 
tive acousto-ultrasonic measurement. In 
the middle illustration the output pulse is 
digitized and processed in a computer to 
generate the stress-wave factor (SWF). 
The data from the bending tests {bottom il-
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Figure 1. A Filament·Wound Composite Specimen is subjected to nondestructive acousto­
ultrasonic measurements (top and middle). Then it is subjected to a destructive bending test 
to determine the interlaminar shear strength. 
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Figure 2. The Data From the Ultrasonic Tests illustrated in Figure 1 are processed into two forms. The left plot shows the magnitude of the 
Fourier spectrum of a typical bend specimen in the four filter bands used in the analysis. The right plot shows the stress-wave factor for the 
frequency range 0.5 to 0.75 MHz averaged over positions 2 through 4, versus the interlaminar shear strength. Here, R2 = 0.806. 
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lust ration) were used to calculate the in­
terlaminar shear strength. 

Frequency spectra of the digitized acou­
sto-ultrasonic output signals were obtained 
by employing a fast-Fourier-transform al­
gorithm. A typical spectrum is shown at the 
top of Figure 2. The SWF was calculated 
for a variety of filter ranges. 

The reliability of the SWF as a predictor 
for interlaminar shear strength in the FWC 
was tested by performing a regression an­
alYSis of the SWF data with the bending­
test data. A plot of the data with the highest 
correlation coefficient R = 0.898 is shown 

at the bottom of Rgure 2. This correlation 
was obtained with optimum experimental 
conditions, including the transducer poSi­
tion and frequency. It should be pointed out 
that the major portion of the spectrum was 
insensitive to the interlaminar shear 
strength. 

Work is in progress to define more clear­
ly the role of frequency filtering on the 
value of the SWF as a predictor for me­
chanical properties in FWC materials and 
structures. This acousto-ultrasonic-fre­
quency filtering technique may be adopt­
able to monitoring interlaminar shear 

Fiber-Optic Lateral-Displacement Sensor 

strength in a variety of large filament­
wound structures. 

This work was done by Harold E. Kautz 
of Lewis Research Center. Further infor­
mation may be found in NASA TM-87088 
[N86-10561INSP], "Ultrasonic Evaluation 
of Mechanical Properties of Thick, Multi­
layered, Filament Wound Composites. " 

Copies may be purchased [prepayment 
required] from the National Technical In­
formation Service, Springfield, Virginia 
22161, Telephone No. (703) 487-465D. 
Rush orders may be placed for an extra fee 
by calling (BOO) 336-4700. LEW-14417 

A device would determine bearing position and perhaps measure shaft speed. 

Marshall Space Flight Center, Alabama 

A proposed fiber-optic sensor would 
monitor the axial position of a shaft or bear­
ing in a turbomachine. Unlike the magnetic 
proximity sensors now in use, the fiber-op­
tic device would sense the position of non­
magnetic as well as magnetic material and 
could be calibrated before assembly in the 
machine. In addition, it would be more 
compact. 

The tip of a multiple-fiber probe would be 
shaped into a narrow rectangle, with send­
ing fibers grouped in half the rectangle and 
receiving fibers grouped in the other half 
(see figure). The probe tip would be placed 
facing a target of light and dark zones 
etched onto the shaft or bearing. 

Light from the sending fibers would be 
reflected from the target into the receiving 
fibers; the amount reflected would depend 
on the position of the dark zone. The output 
of a photodetector at the end of the receiv­
ing fibers could thus be correlated with the 
position of the target. 

Positive 
Displacement 

t 

Negative 
Displacement 

Target 

Level of 
Returned Light 

~==~~4--------+ 
Displacement 

The concept may also be extended to 
measure the rotational speed of a shaft. A 
dark band would be etched in a band half­
way around the shaft. The pulses of reflect­
ed light would represent the shaft revolu­
tions. 

The Displacement of the Target changes the area of light-reflecting surface facing the fiber­
optic probe and thus changes the light output of the receiving fibers. 

This work was done by Edmund J. 
Roschak of Rockwell International Corp. 

Six-Axis Superconducting Accelerometer 
Sensitivity and short-term stability are high. 

Marshall Space Flight Center, Alabama 

An accelerometer design combines su­
perconductivity and magnetic levitation to 
achieve linear-acceleration sensitivity 
greater than that of conventional linear ac­
celerometers, and short-term angular sta­
bility better than that of conventional gyro­
scopes. The improved accelerometer 
could be used to increase preciSion in iner­
tial navigation and surveying, as a sensitive 
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multiple-axis seismic sensor, as a compo­
nent of a tensor gravity gradiometer, or to 
sense the accelerations of stabilized plat­
forms or spacecraft. 

A conventional linear accelerometer de­
tects changes of speed along a Single axis. 
Thus, a conventional accelerometer sys­
tem for inertial navigation requires three 
linear accelerometers and at least two 

for Marshall Space Aight Center. No fur­
ther documentation is available. MFS-29170 

gyroscopes. The superconducting accel­
erometer is a single, mechanically simple 
device that detects all three independent 
components of linear acceleration and 
three independent components of angular 
acceleration simultaneously. 

The new accelerometer is housed in a 
liquid-helium cryostat. A precise, metallic 
cube (the proof mass) is magnetically 
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levitated. The cubic configuration is com­
pact and facilitates both the magnetic levi· 
tation and the simultaneous readout of the 
signals that contain information on the six 
independent components of acceleration. 

The ac modulation is applied to the levi· 
tating coils at six inductance bridges driven 
at six different frequencies. All six signals 
are detected by one superconducting 
quantum interference device, which 
serves as an amplifier. This arrangement 
contributes to the compactness and econ­
omy of the accelerometer. 

The accelerometer operates on the 
principle of force-rebalance feedback. 
Negative-feedback force is applied to the 
proof mass to operate the instrument as a 
null displacement detector. This feature 
reduces the cross-coupling of signals, in-

creases the dynamic range, and elimi­
nates the component of noise that origi­
nates in the extemal oscillator. 

The linear'acceleration sensitivity of 
the new accelerometer is better than 
1O- 12gEHz-V. (where gE = 9.8 ms-2, 

approximately the gravitational accelera· 
tion at the surface of the Earth). In contrast. 
a typical conventional linear accelerome­
ter has a sensitivity of 10-6 to 10-9 

gEHz-v.. The angular'acceleration sensi· 
tivity of the new accelerometer is 10 -9 rad 
S-2 Hz- Y2. 

The major disadvantage of the instru· 
ment is the need for the liquid-helium cryo­
stat or supply. Liquid helium could be 
transferred occasionally from a supply 
dewar to the cryostat, or else a closed­
cycle refrigerator could be used to keep 

Measuring 8earing-Cage Rotation 
Bearing slip would be measured optically. 

the device at the low operating tempera­
ture. 

This work was done by Ho Jung Paik of 
the University of Maryland for Marshall 
Space Flight Center. No further docu· 
mentation is available. 

In accordance with Public Law 96-51'1, 
the contractor has elected to retain title to 
this invention. Inquiries concerning rights 
for the commercial use of this invention 
should be addressed to 

HoJung Paik 
Dept. of Physics and Astronomy 
University of Maryland 
College Park, MD 20742 

Refer to MFS-26040, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

Marshall Space Flight Center, Alaba,...m....;a ____________________ ---.., 

A concept for measuring the rotational 
speed of a bearing cage promises to be 
simple and accurate. Based on fiber 0p­

tics, the concept would require no contact 
between the measuring device and the 
bearing, and thus would not introduce 
wear. 

Fiber-Optic 

~probe 

==, TI~ 

Marked 
Cage Face 

The end face of a ball or roller bearing 
cage would be marked with light-reflecting 
and light-absorbing zones (see figure). An 
optical-fiber probe would view the zones 
and carry the pulses of reflected light from 
them to an electronic circuit. From the 
pulse rate, the circuit would determine the 
rotational speed of the cage. In combina­
tion with the measurement of shaft speed, 
this measurement would indicate the slip 
of the balls or rollers in a cage. The princi­
ple may also be used to measure the rota­
tions of the inner and outer bearing rings. 

This work was done by E. J. Roschak of 
Rockwell International Corp. for Marshall 
Space Flight Center. No further docu-

Alternating Bright and Dark zones on the end face of a bearing cage provide light pulses to 
an optical fiber. The zones would be etched on the cage. 

mentation is available. MFS·29182 

Vibration-Free Vanes Direct Cryogenic 
Flow 
An upstream fluid-dynamic surface prevents oscillations. 

Marshall Space Flight Center, Alabama 

A Simple structural addition to a liquid­
oxygen manifold prevents vibration and al­
lows increased floo. A spoiler is placed in 
the liquid-oxygen conduit, just upstream 
from the manifold entrance (see figure). 

The spoiler reduces the load at the lead­
ing edges of the distribution vanes in the 
manifold by altering the angle at which the 
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A T·5haped Manifold uses vanes to 
distribute liquid oxygen. Although far from 
the vanes, a spoiler suppresses vibrations 
caused by unstable dynamic coupling be­
tween the flow and the elasticity of the 
vanes. 

Conduit 

Spoiler 

-----------
73 



oxygen stream impinges on the vanes. As 
a result, the center of pressure on each 
vane is moved toward its torsional elastic 
axis. 

Without the spoiler, the vanes vibrate 
strongly at a frequency of about 4 kHz. 
With the spoiler, vibration is eliminated, 

even when the liquid-oxygen flow is in­
creased considerably. 

The spoiler, a specially shaped bar that 
spans the liquid-oxygen conduit, is intro­
duced through holes drilled in the conduit 
and supported in the holes. After the 
spoiler has been installed, the holes are 

closed by welding. This mounting is suffi­
ciently rigid that the spoiler itself does not 
vibrate in the flow. 

This work was done by Gadicher/a V. R. 
Rao of Rockwell International Corp. for 
Marshall Space Aight Center. No fur­
ther information is available. MFS-29100 

Heater for Combustible-Gas Tanks 
Heat is transferred safely through liquid metal. 

Marshall Space Flight Center, Alabama 

A proposed heater for pressurizing hy­
drogen, oxygen, or another combustible 
liquid or gas would be sealed in an immer­
sion cup in the pressurized tank. The heat­
er would be safer than the usual direct­
contact heater because it would not be 
exposed directly to the liquid or gas. Be­
cause it can be safely operated at a higher 
skin temperature than can a conventional, 
directly exposed internal heater, it can be 
made smaller and lighter. It can be com­
pletely tested as an assembly before in­
stallation and can be removed from the 
tank as an assembly if necessary. 

The heater would include a coiled rod­
type resistance element in the stainless­
steel immersion cup (see figure). The cup 
would be designed to be as strong as or 
stronger than the propellant tank. The 
coiled element would be supported in a 
bath of low-melting alloy; for example, of Bi 
with Pb, Sn, Cd, In, and/or Sb. The molten 
alloy would carry heat from the heating rod 
to the cup efficiently and help to prevent 
hot spots on the rod. A gas-filled bellows at 
the top of the sealed cup would compen­
sate for volume changes in the alloy. 

This work was done by Walter B. Ingle of 
Rockwell International Corp. for Marshall 
Space Aight Center. No further informa­
tion is available. MFS-29155 
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Firmly Supported In a Anned Cup, a coiled rod transfers heat through liquid metal to a gas 
tank. The heater assembly can be welded or bolted to the tank flange. 

Reduction of Orifice-Induced Pressure Errors 
Porous plugs are placed in the orifices. 

Langley Research Center, Hampton, Virginia 

The use of a porous-plug orifice reduces 
or eliminates errors, induced by the orifice 
itself, in measuring static pressure on an 
airfoil surface in wind-tunnel experiments. 
A piece of sintered metal is press-fitted into 
a static-pressure orifice so that it matches 
the surface contour of the model. The use 
of the porous material reduces the orifice­
induced pressure error associated with a 
conventional orifice of the same or smaller 
diameter. The porous-plug orifice also re­
duces or eliminates any additional errors in 
the pressure measurement caused by ori­
fice imperfections. 

In wind-tunnel experiments, open holes 
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drilled normal to the model surface have 
been the conventional means used to 
measure static pressure. To achieve the 

CONVENTIONAL ORIFICE 

Flow 

j~~or 

best result, these orifices must be perfectly 
round, square edged, and clean. In a high­
Reynolds-number facility, the model boun-

POROUS-PLUG ORIFICE 

The Flush-Mounted, Sintered-Metal Plug reduces or eliminates the causes of orifice-Induced 
errors. 
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dary layer can be an order of magnitude 
thinner than the boundary layer in a con­
ventional tunnel. For the effects of orifice­
induced pressure error to be small under 
these conditions, the static-pressure ori­
fices need to be very small - o.OlO-in. 
(O.25-mm) diameter is generally used. 

The fabrication of such small orifices 
with no imperfections is diffICult. The com­
bined effects of the flcm turning into the 
orifice and a pitot effect, in which the flow 
stagnates at the dcmnstream edge of the 
orifice, combine to produce a measured 
pressure that is inaccurately high. Further­
more, orifice imperfections cause the error 
in a conventional orfice to be even larger. 

The porous-plug orifice (see figure) pre­
vents the flcm from turning into the orifice, 

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

Propellant Tanks for 
Tethered Orbital Refueling 
Facility 

Thermodynamics, mechani­
cal stability, and mass 
penalties affect the design. 

A pair of reports presents a design study 
for propellant tanks to be used in low gravi­
ty. [See also "Dynamical Considerations 
for Tethered Orbital Refueling Facility" 
(M8C-21076), which also appears in this 
issue of NASA Tech Briefs. Each tank, 
which would most likely contain liquid H2 or 
02' would be part of a fuel depot tethered 
to a station in orbit around the Earth. Some 
of the engineering concepts in the study 
could be applied to the design of tanks for 
use on Earth in the transport and storage of 
cryogenic liquids and other fluids that re­
quire special handling. 

The sloshing of the fluid in the tank is of 
concern because the outlet must remain 
covered with the fluid. The effects of the 
tank shape, internal damping devices, gra­
vitation/acceleration, and fluid viscosity on 
slosh damping were investigated. The cri­
terion for the antislosh effectiveness of a 
given design was the amount of slosh en­
ergy required to uncover the outlet. The 
analysis showed that a tank consisting of a 
cylindrical body with one hemispherical 
and one conical end and a long cylindrical 
tank with two hemispherical ends require 
the largest input energy to uncover the 
outlet and are thus the least sensitive to 
fluid slosh. When the mass penalty is con­
sidered, a short cylindrical tank with a coni­
cal base is preferred. 
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thereby reducing or eliminating the orifice­
induced pressure error. Also, since the 
flush-mounted, sintered-metal plug 
smooths the airfoil surface, the error in­
troduced by imperfections in the orifice is 
eliminated. 

This concept was tested on an airfoil in 
the Langley Research Center O.3-m Tran­
sonic Cryogenic Tunnel at chord Reynolds 
numbers up to 40 x 1()6. The pressures 
obtained using the porous-plug orifices 
were compared to those obtained using 
conventional orifices 0.010 in. (0.25 mm) in 
diameter, and results confirm that the use 
of the porous-plug orifice provides more 
accurate measurements in regions with 
very thin boundary layers. 

This work was done by Elizabeth B. 

The thermal requirements of the tank 
system are dominated by the need to pre­
vent the boil off of the fluid. A representative 
design includes multilayer insulation and a 
coupled vapor-cooled-shield/thermody­
namic-vent system. The liquid is allowed to 
evaporate from the tank at the minimal rate 
needed to maintain the required low tem­
perature, and the resulting vapor is used to 
cool the shield. In the case of °2, the 
vented vapor can be refrigerated and recy­
cled. For H2, the additional mass of 
refrigerating equipment would be exces­
sive, and it is less costly simply to vent the 
gas overboard. 

The tank facility is stabilized partly by the 
gravity-gradient/orbital-acceleration effect. 
The length of the tether from the space sta­
tion to the tank facility must be sufficient to 
generate the acceleration required to ori­
ent the tank and settle the contents. The 
Bond number, which gives the ratio of gra­
vitational to capillary forces, is particularly 
useful in analyzing problems like this one. 
For a conservative design, the Bond num­
ber should be about 50. The design must 
also consider such dynamic problems as 
maintaining orientation during docking 
maneuvers and the filling or draining of 
tanks; for example, in a multiple-tank facili­
ty the tanks should be stacked in line along 
the tether axis to minimize the effects of 
shifts in the center of mass. 

The transfer of fluid from a Space Shut­
tle at the space station to a tank and from a 
tank to another space vehicle were investi­
gated. Possible tank-filling methods in­
clude venting while filling, evacuation 
follcmed by filling, and ullage recompres­
sion. Possible methods of transferring the 
fluid to another vehicle include gravity, 
pumped, and pressurized flows. For cryo­
genic fluids, autogenous pressurization 
can be exploited at a minimal mass penal­
ty. 

This work was done by L. Kevin 
Rudolph, Erlinda R. Kiefel, and Dale A. 
Fester of Martin Marietta Corp. for John­
son Space Center. To obtain copies of the 

Plentovich, Blair B. Gloss, John W Eves 
and John P. Stack of Langley Research 
Center. Further information may be found 
in NASA TP-2537 [N86-20351INSP). 

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 (&XI) 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 18]. Refer to LAR-13569. 

reports, "Tethered Orbital Refueling 
Study" and ':4 Space Station Tethered Or­
bital Refueling Study, " Circle 116 on the 
TSP Request Card. 
MSG-21074 

Computer Programs for 
Spacecraft Maneuvers 

Multiple-encounter, multiple 
maneuver voyages are 
analyzed in detail. 

A report describes the ADAM (AD­
vanced Analysis of Maneuvers) system, 
which is an integrated collection of com­
puter programs to aid the design and 
analysis of maneuvers for deep space 
voyages involving multiple maneuvers 
and multiple encounters with planets and 
moons. The ADAM system is being used 
in planning the Galileo mission and has 
been used in both the planning and the 
operation of the Voyager mission. 

The programs in the collection com­
municate with each other and with other 
programs in a navigation-software 
system through computer files. This 
modular program structure contributes 
to the robustness and flexibility of the 
ADAM system. Individual components 
can be added or enhanced without im­
pact on other components as long as the 
structure and contents of the files are 
maintained. 

The ADAM simulation program, the 
major component of the system, is con­
structed as a discrete-event Monte Carlo 
simulation program. Its inputs include the 
prescribed trajectory and maneuvers, 
the statistical error distribution in meas­
urements of the actual orbit, and para­
meters that represent the amounts by 
which the spacecraft deviates from the 
prescribed maneuvers. Other important 
inputs include the K-matrices, each of 
which contains the partial derivatives 
that specify the sensitivity of the trajec­
tory at a given encounter to trajectory er-
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rors at the preceding maneuver. The 
ADAM outputs are statistics of velocity 
changes at maneuvers and state errors 
at the encounters following the maneu­
vers. 

The discrete events are the maneu­
vers, including the initial orbit injection. 
One of the major assumptions in the pre­
sent ADAM formulation is that changes 
in the orbital state can be represented 
adequately by linear perturbations about 
a nominal trajectory. The linear perturba­
tions are calculated with the help of the 
K-matrices, and the nominal trajectories 
are obtained from two trajectory-analysis 
programs called FAST and DPTRAJ. For 
a large deterministic maneuver that ex­
ceeds the linearity assumption, the tra­
jectory is re-linearized about the new 
nominal trajectory. 

Another major assumption is that ma­
neuvers can be treated mathematically 
as being impulsive; that is, as taking 
place in zero time. This approximation is 
usually adequate, but such large tra­
jectory-correction maneuvers as orbit in­
sertion may require special attention. 

The ADAM program has been used in 
preflight applications including the speci­
fication of the parameters of control 
systems, the sizes of propellant tanks, 
maneuvering strategies, and the predic­
tion of delivery accuracies. In-flight appli­
cations include updating the estimated 
probability of mission success and the 
remaining margin of the change in velo­
city that is sought at the next maneuver. 
If a spacecraft is performing anomalous­
Iy, ADAM can be used to re-estimate the 
probability of mission success by up­
dating predictions with measured trajec­
tory parameters. The modularity of 
ADAM even allows the use of entirely 
new models, algorithms, trajectories, 
and maneuvering schedules. This char­
acteristic is a great asset when a space­
craft does not perform as planned. 

This work was done by Oyde Chadwick 
and Lanny J. Miller of Caltech for NASA's 
Jet Propulsion Laboratory. To obtain a 
copy of the re{X)rt, "An Overview of the 
ADAM Maneuver Analysis System, " Cir­
cle 85 on the TSP Request card. 
NPO-16332 

Dynamical Considerations 
for Tethered Orbital 
Refueling Facility 

System concepts are 
introduced. 

A report summarizes a feasibility study 
for a proposed gravity-gradient-stabilized 
refueling facility tethered to an orbiting sta­
tion. It includes the results of a preliminary 
dynamical analysis of fluid transfer and 
storage and compares alternative system 
configurations. The concepts introduced in 
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these documents are applied to design 
problems in the more detailed study de­
scribed in "Propellant Tanks for Tethered 
Orbital Refueling Facility" {MSC-21 074), 
which also appears in this issue of NASA 
Tech Briefs. 

The report presents the basic parame­
ters of the fluid-transfer system, including 
flow rates, transfer times, tank dimenSions, 
tether lengths, and gravity-gradient ac­
celerations required for °2, H2, N2H4, and 
CH3NHNH2. Fluid-transfer concepts and 
the attendant engineering problems are in­
troduced. 

Various configurations for the space 
station and the refueling facility are de­
scribed. One includes a combined facility 
for both the cryogenic (liquid H2 and 02) 
and the other propellants. Others include 
separate facilities for the two classes of 
propellants. Separation may be appropri­
ate because the required accelerations 
(and therefore tether lengths) and thermal 
conditions for the two classes of fluids are 
different. In addition, it may be desirable to 
retrieve the refueling facility while the 
Space Shuttle is docked at the space sta­
tion and to deploy the refueling facility only 
when transferring fuel to another space ve­
hicle. A table called the "Configuration 
Comparison Matrix" presents some of the 
engineering issues involved in each con­
figuration, including its advantages and 
disadvantages. 

Attached to the report is the summary of 
an evaluation of the tether length required 
for proper liquid orientation, setting, and 
outflow. For a system in orbit at 250 nmi 
(463 km) altitude, typical tether lengths 
would be 120 ft (36.6 m) for an 02 tank of 
13.5-ft (4 .1-m) diameter and 3,700 ft 
(U km) for a CH3NHNH2 tank of 4.5-ft 
(1.4-m) diameter. Additional length may be 
required to maintain orientation during 
mechanical disturbances of the facility. 

This work was done by Peter W. Abbott, 
L. Kevin Rudolph, and Dale A. Fester of 
Martin Marietta Corp. for Johnson Space 
Center. To obtain a copy of the re{X)rt, 
"Tethered Orbital Refueling Study," Drcle 
117 on the TSP Request card. 
MSC-21076 

Comparing Test Data 
on Scale-Model 
Helicopter Rotors 

Hovering data correlate well, 
but forward-flight data do not. 

A report compares the acoustics and 
performance of a small-scale helicopter 
rotor with those of a full-scale rotor in both 
hovering and forward flight. A 2.1-m-dia, 
1/6-scale replica of a main rotor was tested 
at a hover flight condition in the 40- by 8O-ft 
(12- by 24-m) wind tunnel. Subsequently, 

the replica was tested in forward flight in a 
7- by 1 O-ft (2- by 3-m) wind tunnel. For com­
parison, data were taken from previous 
full-scale tests. 

In the hovering test, the performance 
and acoustic results for the model-scale 
and full-scale rotors agreed well. The ex­
pected influence of the Reynolds number 
on the profile power was evident. Acoustic 
low-frequency harmonic levels were found 
to scale geometrically. At full-scale mid­
range frequencies , acoustic spectral 
levels rolled off more rapidly for the full­
scale rotor than for the model. In forward 
flight , however, acoustics of the small­
scale rotor compared poorly with the full­
scale data. The acoustic spectra of both 
the model-and full-scale rotors showed 
similar trends, but the overall difference in 
levels was large, ranging from 5 to 10 dB. 

This work was done by cahit Kitaplioglu 
and Patrick Shinoda of Ames Research 
Center. Further information may be found 
in NASA TM-86786 [N86-70960INSP), 
"Hover and Forward Flight Acoustics and 
Performance of a Small-Scale Helicopter 
Rotor System." 

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 (BOO) 336-4700. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel. 
Ames Research Center [see page 18]. 
Refer to ARC-11722. 

New Products 

Sierra Video Systems (Grass Valley, CAl 
announces its Series 8/16 routing swit­
chers, computer-controlled matrix style 
routers based on either 8 X 8 (8 input by 8 
output) or 16 X 4 video, audio, or relay 
crosspoint modules. Different system 
sizes and configurations are possible. Cir­
cle Reader Service Number 508. 

Three new custom VHSIC chips by Honey­
well (Everett, WA) will be used in an improv­
ed version of the Enhanced Modular Signal 
Processor for the U.S. Navy. The three chips 
include FIFO (first in, first out) buffer, FPM 
(floating-point multiplier) and RALU (reg­
ister/arithmetic logic unit). All three chips 
use integrated Schottky logic (ISL) and are 
derived from Honeywell's 1.25 micron 
VHSIC technology. The FIFO chip serves as 
both an input buffer (IFIFO) and an output 
buffer (OFIFO) between the FPAU and the 
system. It requires only 1.1 watts of power. 
The floating-point multiplier (FPM) chip 
implements the IEEE floating-point stan­
dard. The register/arithmetic logic unit 
(RALU) uses 1.8 watts of power, and per­
forms addition and subtraction, logic opera­
tions and format conversions. The chip also 
has an eight-word register stack to serve as 
a memory unit. Circle Reader Service 
Number 312. 
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Symbolics. Symbolics 3620 and Genera are cradernarks of Syrnbolics. Inc. UNIX is a crademark of American Telephone and Telegraph. 



From Symbolics, you can expect the fast­
est AI and advanced software development 
workstation in its class. 

To prove this, we matched our 3620E in 
a standard benchmark test with a represen­
tative workstation from the same cJass~ 
The results, as you can see, weren't even 
close. Symbolics ran anywhere from 5 to 
34 times faster in every category. 

Why Symbolics is so fast 
Like other manufacturers, Symbolics 

supports IEEE 32-bit floating point and 
numeric processing. But we go a step further 
by adding four turbo-charged bits. When 
combined with our unique hardware archi­
tecture, these extra bits allow Symbolics 
workstations to compact applications data, 

automatically process different datatypes 
with built-in error detection, and process 
multiple operations in parallel for faster 
operation-faster than any other systems 
in their class. 

In the real world of applications develop­
ment, the true test of any system is not only 
its speed, but more importantly, the reliabil-

increase reliability since programmers don't 
have to write them. 

And Symbolics offers automatic data-type 
checking at run-time, advanced debugging, 
smart garbage collection, automatic memory 
management, the fastest edit-compile-debug 
loop available, and full support of object­
oriented programming. These allow for rapid 
prototyping, and enable programmers to 
solve complex problems faster than ever. 

Fast, reliable team-oriented software 
development 

Symbolics also offers the fastest team­
oriented software development-even in 
multi-vendor environments. That's because 
Symbolics supports a full range of industry 
standard protocols and languages to inte-

.... ,~~ 
grate AI into existing environments. , "'" ( 
With one simple command you'll 
access information from, and communicate 
transparently with UNIX!'" Digital, and 
IBM~ systems. And using Symbolics work­
stations, you'll write software fast, in Com­
mon Lisp, Prolog, Fortran-77, Pascal or Ada~ 

ity of the information it processes. With all Best price/performance 
other systems, to get speed you must sacri- Getting up to 34 times the performance 
fice the assurance of reliability. Only from Symbolics won't cost you more. In fact, 
Symbolics gives you both. Symbolics lists for less than most other 

systems in every class. And as you go up in 
What Benchmarks won't show you cJass, the price difference becomes even 

Benchmarks only measure processing greater. 
speed. The key ingredient to faster software Give us a call today. We'll tell you how 
development is programmer productivity. Symbolics can greatly reduce your time to 
With Symbolics systems, programs can be market for new products, and your costs, 
developed from 5-50 times faster than with through increased programmer productivity 
conventional workstations. Thats because and the best price/performance workstation 
Symbolics' GeneraTll software environment available. 
provides over 40 times as many built-in Symbolics. 11 Cambridge Center, 
facilities as systems offering just a Common Cambridge, MA 02142. 
Lisp compiler. These pre-written "mini 1 BOr-1 '-'37-'-' A01 
programs" shorten development time and - l....IC:, -C:~ 

syiilbol/cs~ 
IBM is a trademark of International Business Machines Corporation. Ada is a registered trademark of t;he U.S. Department of Defense. 
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Mechanism Connects and Disconnects Unes Remotely 
Misaligned, widely separated connector halves can be joined, then separated when necessary, while 
a human operator remains at a distance. 

Lyndon B. Johnson Space Center, Houston, Texas 

A mechanism connects and discon­
nects electrical, gas, or liquid lines by 
remote control. Developed for making (and 
breaking) electrical connections from the 
Space Shuttle orbiter to a payload during 
deployment or retrieval, the mechanism 
may also be adapted for use in areas inac­
cessible or hazardous to humans - un­
derwater or in nuclear or chemical plants, 

POSITIONER 

DRIVE-ARM 
ASSEMBLY 

for example. 
Half of the connector - the plug half in 

an electrical connector - is mounted on 
the payload. The other half - the recepta­
cle - is mounted on the positioner at the 
end of a pivoted drive-arm assembly (see 
figure). The drive assembly brings the posi­
tioner close to the payload connector half. 
The positioner then provides the adjusting 

movements necessary to align the con­
nector halves and engage the pins. Mesh­
ing prongs on the plug and the receptable 
help to guide the mating parts. 

This work was done by Victor Strand 
and Earl V Holman of Rockwell Interna­
tional Corp. for Johnson Space Center. 
For further information, Circle 164 on the 
TSP Request Card. MSC-21086 

Drive 

DRIVE 
ASSEMBLY 

The Remote-Connection Mechanism accommodates large displacements and misalignments of the plug and the receptacle. 
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High-Temperature Vibration Damper 
Rotary damper accommodates temperature effects on volume and viscosity. 

Ames Research Center, Moffett Fie/d, California 

A device for damping vibrations func­
tions at temperatures up to 400° F (about 
200° C). The device dampens vibrational 
torque loads as high as 1,000 Ib·in. (about 
110 N· m) but is compact enough to be 
part of a helicopter rotor hub. 

Vibration is applied via a connecting 
rod to an arm on the damper shaft. The 
oscillating torque thus imposed on the 
shaft is carried to a pair of vanes in sepa­
rate chambers (see figure). As a vane 
turns in its chamber, it forces hydraulic 
fluid out of the chamber through small 
holes into a chamber in the center of the 
damper, then back into the chamber on 
the low-pressure side of the vane. The di· 
rection of vane rotation alternates repeat· 
edly as the shaft oscillates. The inertial 
and viscous resistance to the shuttling of 
hydraulic fluid back and forth through the 
orifices dampens the vibrations. 

A spool valve in the central chamber is 
positioned by a damping·adjustment 
screw to control the back pressure on the 
fluid shooting through the orifices. The re­
sistance to fluid flow can therefore be in­
creased or decreased to provide more or 
less damping. 

A temperature-compensating piston 
allows for the expansion of the fluid as its 
temperature increases. A spring on the 
piston ensures that the fluid is always 
under pressure. This prevents gases 
from coming out of solution in the fluid or 
from entering from the outside. Either oc­
currence would introduce a compressible 
fluid into the damper and thus degrade its 
damping ability. This feature also serves 
as a reservoir to allow for compensation 
for minor leakage. 

Originally, the temperature-compen­
sating piston was connected to the spool 
valve so that it automatically adjusted the 
valve for the change in fluid viscosity with 
temperature. This was found to be an un­
necessary complication , however. It 
made the damping rate overly sensitive to 
small temperature changes, and the dam­
per became hard to stabilize. Since the 
normal damper operating temperature is 
fairly constant and since viscosity varies 
but little with small temperature changes, 
the piston and the valve were separated. 
The spool valve is adjusted independently 
for viscosity. 

To prevent rapid wear, the chamber 
walls are coated with an abrasion­
resistant film. Similarly, the vane tips hold 
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A 

Central Chamber 
and Spool Valve 

Note: For illustrative purpose, 
this view is not to scale. 

• A 

SECTION A·A 

The Rotary Damper absorbs energy from a vibrating rod, dissipating it in the turbulent mo­
tion of a viscous hydraulic fluid forced by moving vanes through small orifices. Only one 
of the two vanes appears in the side cross section; the other is at an angle to the plane of 
the page. 

nylon inserts that prevent the rapid wear 
caused by metal-to-metal contact. 

This work was done by Alan Clarke, 
Joel Utwin, and Harold Krauss of United 
Technologies Corp. for Ames Research 
Center. For further information, Circle 

162 on the TSP Request Card. 
Inquiries concerning rights for the 

commercial use of this invention should 
be addressed to the Patent Counsel, 
Ames Research Center [see page 18]. 
Refer to ARC-11604. 
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Electromagnetic Repulsive Deicer for Aircraft 
A proposed lightweight device would eject ice with minimal power drain. 

Ames Research Center, Moffett Field, California 

A scheme for removing ice from air­
foils in flight would add little weight and 
demand a relatively small amount of ener­
w. Employing the electromagnetic repul­
sion of conductors embedded in a rubber 
covering on an airfoil, the scheme breaks 
up a layer of ice by snapping it in the man­
ner of snapping a rug to remove dust. 

The electrorepulsion principle prom­
ises to make deicing more practical for 
helicopter rotors as well as for wings on 
fixed-wing aircraft. It avoids the disadvan­
tages of conventional deicing methods. 
For example, melting ice by resistance 
heaters adds substantially to the electri­
cal power demand in an aircraft and 
therefore to the power-equipment weight. 
Cracking ice by inflating boots on an air­
foil is slow and is ineffective for thin but 
nonetheless troublesome ice layers, and 
the inflation of the boot can seriously de­
grade rotor performance. 

In the proposed electromagnetic­
repulsion deicer, a sheet of elastomer is 
bonded to the supporting structure of the 
airfoil (see figure). An embedded layer of 
electrically conductive ribbons near the 
airfoil is separated from an upper layer of 
similar ribbons by slits in the elastomer. 
When a capacitor is discharged through 
the ribbons, the discharge current passes 
in opposite directions through the upper 
and lower ribbons. The opposing currents 
and their magnetic fields create a repul­
sive force between the upper and lower 
ribbons. The force distends the elastomer 
layer around the slits so that a series of 
ridges on the upper (airfoil) surface is 
formed. 

The capacitor discharges quickly, and 
the motion of the elastomer is abrupt, ex­
erting a very powerful impulse; the sud­
den change in the surface profile also 
cracks any ice that has accumUlated, 
even very thin layers, and the ice frag­
ments are blown away in the airstream. 
The distortion of the surface is small and 
brief, since elasticity and the vacuum in 
the slits draws the slits back to their 
original shape as soon as the capacitor 
has discharged ; consequently, the 
aerodynamic properties of the airfoil are 
only slightly affected. 

For upper and lower deicer ribbons 
each 2 mm wide and placed 7.6 mm 
apart, carrying a peak discharge current 
of 3,000 amperes, the total distorting 
force would be high indeed - about 
2,400 pounds per foot of ribbon length 
(35,000 newtons per meter). This force 
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would be concentrated at the ridges of 
the distended elastomer; the force in the 
valleys would be lower. Thus there would 
be large moments on the brittle ice sheet 
that would twist it apart. The stresses ex­
erted on the supporting structure inside 
the airfoil when the deicer acts are com­
pressive stresses, which the structure 
can readily absorb. 

The elastomeric material should be 
selected for elasticity, fatigue reSistance, 
tear strength, and dielectric strength. 
Neoprene, silicone, or polyurethane are 
possible choices. When the deicer will be 
subjected to severe erosion from sand or 
rain - as it will be on a helicopter rotor -
commercial polyether or polyester ver­
sions of polyurethane can be used as a 
durable surface coating or even as the 
bulk material. 

The ribbon conductor material should 
be selected for high conductivity, flexibility, 
fatigue resistance, corrosion resistance, 
and tensile strength. Copper, unless it is 
costly oxygen-free copper, is not espec­
ially suitable because it tends to work 
harden. A better material would be tanta­
lum. The ribbon can be made from many 
strips attached end to end. Braided wire 
can be used instead of solid metal strips. 

Conductive 
Ribbons 

A side-by-side array at pairs of ribbon 
conductors would be pulsed sequentially. 
The deicer ridges would then ripple 
across the airfoil, sweeping the ice away. 
The electrical energy stored in the capa­
citors would be transferred to the ribbons 
by heavy-duty relays such as that in an 
automobile starter. A timing circuit in the 
power supply would control pulsing. A 
pulse sequence would be repeated many 
times to ensure complete ice removal. 

The deicer can be installed on an air­
craft while it is being assembled in the 
factory or can be retrofit. Since a deicer 
can readily be attached to a wing or rotor 
with adhesive, installation in the field will 
be easy. Deicers can be used on engine 
inlet ducts that are subject to icing as well 
as on wings and rotors. 

This work was done by Leonard A. 
Haslim and Robert D. Lee of Ames Re· 
search Center. For further information, 
Circle 108 on the TSP Request Card. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive 
license for its commercial development 
should be addressed to the Patent 
Counsel, Ames Research Center [see 
page 18]. Refer to ARG-11613. 

Outer (Airfoil) Surface 

RELAXED STATE Slit 

ENERGIZED STATE 

Layer of Elastomer Conforms to the shape of an airfoil in the relaxed state. When carrying 
large electrical currents, conductive ribbons in the elastomer repel each other, creating a 
ridged surface on the airfoil. A sheet of ice on the airfoil would be broken up in the sudden 
transition from the relaxed state to the energized state. 
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Shaft Coupler With Friction and Spline Clutches 
Dual clutches ensure smooth acceleration and efficient power transfer from engine to rotor at full 
aircraft speed. 

Ames Research Center, Moffett Field, California 

A coupling, developed for the rotor of a 
lift/cruise aircraft, employs two clutches 
for a smooth transmission of power from 
a gas-turbine engine to the rotor. Prior to 
ascent, the coupling applies a friction­
type transition clutch that accelerates the 
rotor shaft to speeds matching those of 
the engine shaft. Once the shafts are syn­
chronized, the spline coupling is engaged 
and the friction clutch released to provide 
positive mechanical drive. 

Deceleration of the rotor for horizontal 
flight is accomplished by engaging the 
friction clutch to assume the shaft torque 
load. The splined coupling is then disen­
gaged. Now the friction clutch can be re­
leased, which allows the rotor to deceler­
ate and be stopped and locked by its 
break mechanism. 

The spline clutch is designed so that it 
withdraws, separating the pressure faces 
of the splines circumferentially as the 
splines separate longitudinally. Each of 
the splines on the input shaft has a pres­
sure face oriented at a helix angle a rela­
tive to the shaft axis (see figure). An inter­
mediate lock member also contains 
splines, at the same pitch as that of the in­
put splines. Each of the lock-member 
splines has two pressure faces: one, at a 
helix angle a, that contacts the input 
splines, the other, at a helix angle (3, that 
contacts the output splines. The pressure 
faces of the output splines are oriented at 
helix angle (3, like the mating faces on the 
lock-member splines. 

When the rotor is turning synchro­
nously with the input shaft, the input, in­
termediate, and output splines turn in 
unison, with no relative motion between 
them. To start the transition from active 
rotor to inactive rotor, the transition 
clutch is energized and the lock member 
is retracted from its locked axial position. 
The axial force exerted by the actuating 
piston pushes the splines on the interme­
diate lock member axially away from the 
output splines. Because the helical angle 
(3 is less than a, this motion also disen­
gages the intermediate lock and output 
splines circumferentially. When the inter­
mediate lock and output splines are fully 
disengaged, the transition clutch as­
sumes the full load. The transition clutch 
is then gradually disengaged, and the 
rotor is stopped by an external brake. 

This work was done by Glenn W 
Thebert of General Motors Corp. for 
Ames Research Center. For further in­
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Three Stages In the Transition from engagement to disengagement are illustrated. In 
step 1, the pressure faces of the input splines, the intermediate splines, and the output 
splines are in contact. In step 2, the intermediate splines have pulled away circumferen­
tially and axially from the output splines so that power is no longer transmitted to the out­
put along this path. In step 3, the input and intermediate splines are withdrawn further 
along the axis to complete the disengagement. Representative values for the angles a 
and (3 are 14 0 and 120

, respectively. 

formation, Circle 59 on the TSP Request 
card. 

InqUiries concerning rights for the 
commercial use of this invention should 

be addressed to the Patent Counsel, 
Ames Research Center [see page 18]. 
Refer to ARG-1162Z 
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The Flexible Coupling can be made in a variety of sizes and configurations. The one at the 
top functions as a universal joir>t. The one at the bottom is a large, relatively stiff spring 
coupling between wide shafts. 
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Flexible Coupling 
With Centering 
Device 
A bending cable 
accommodates misalignments. 

Goddard Space Flight Center, 
Greenbelt, Maryland 

Misaligned machine shafts operating at 
low speeds can be coupled with a cheap, 
simple mechanism made in part from wire 
rope. The wire rope, which can be ordinary 
steel cable, bends to accommodate angu­
lar and lateral misalignments and dam­
pens vibrations that accompany, or are 
caused by, the rotation of the shafts. 

In the version shown in the upper part of 
the figure, the cable transmits the torque 
between the shafts. M extension of the up­
per shaft turns loosely in a hole in the collar 
attached to the lower shaft. This simple 
centering device assures that the two 
shafts intersect at the coupling, even when 
subjected to eccentric loads. 

The coupling mechanism can be made 
in a wide range of sizes and for a wide 
range of torques. The version at the bottom 
of the figure is longer and stiffer than the 
one shown above and includes U-shaped 
leaf springs as well as cable springs. 

This work was done by James Kerley of 
Goddard Space Right Center. No fur­
ther documentation is available. 
GSC-12976 

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

Coal·Fired Rocket Engine 

A proposed hybrid engine 
would combine solid fuel 
with liquid oxidizer. 

A brief report describes a concept for a 
coal-burning hybrid rocket engine. The pro­
posed engine would carry a larger payload, 
burn more cleanly, and be safer to manu­
facture and handle than are conventional 
solid-propellant rockets. its thrust would be 
changeable in flight, and it could be 
stopped and started on demand. 

The coal-burning rocket engine could be 
used in boosters, upper stages, and inter­
mittent thrusters (for station-keeping and 
course correction, for example). It couid 
also be used as a gas generator or 
electrical-power generator. It could supply 
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energy for high-intensity lasers on space­
craft, for instance. 

Unlike ordinary solid-propellant engines, 
the coaI{)urning engine would not release 
large amounts of hydrogen chloride into 
the atmosphere during a launch. At the 
same time, it would offer higher perform­
ance at lONer cost. 

The fuel would consist of powdered coal 
and aluminum powder in a high-molecular­
weight, rubbery polymer matrix. This solid 
fuel would be burned with liquid oxygen in 
the rocket motor. The solid fuel would be 
processed as a case-bonded unit. In the 
processing , shipping, and assembly 
stages, the fuel units could be handled as 
inert units from a safety standpoint. 

This work was done by Floyd A. 
Anderson of Caltech for NASA's Jet Pr0-
pulsion LaboratOl)'. To obtain a copy of 
the report, "High Performance, Clean Bur­
ning Propulsion System, " Orcle 23 on the 
TSP Request Card. 
NPO-16902 

Lightweight Monorail 
Transport System 
Tubular rails have a high 
strength-to-weight ratio. 

A report proposes a monorail transpor­
tation system for a zercrgravity environ­
ment. The system would carry materials 
and parts between locations on a space 
station. 

The system would include tubular rails 
instead Of the open channels usually found 
in overhead conveyor systems. Since the 
resistance to torque of a closed tube is 
greater than that of an open channel for 
the same amount of material, the tubular 
monorail can be deSigned for higher loads 
or for greater spacing between support 
points. 

A vehicle on one fIXed and one swivel 
truck would ride the monorail. The rails 
would incorporate supports and switch 
mechanisms within a 90 0 quadrant, allow­
ing three-fourths of the rail surface to be 
used by the truck drive mechanism. The 
truck drive wheels would be powered by a 
gearmotor through a drivebelt. Rollers on 
opposite sides of the truck would ride in 
grooves on the sides of the monorail; they 
would hold the truck on the rail and mini­
mize sidesway. 

The torque loads induced by the truck 
motion would be transmitted by a pin at 
one end of a rail segment and by a sliding 
tongue within a fixed groove at the other 
end of the rail segment. Where a rail con­
nects to the space-station structure, the 
torque loads would be transmitted by pin 
connections. Each rail segment would be 
longitudinally independent of the space­
station structure so that thermal expanSion 
and contraction stresses would not be 
transmitted. 

This work was done by Harold F. Weir, 
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Kenneth E. Wood, and Myron T. Strecker 
of Rockwell Intemational Corp. for John­
son Space Center. To obtain a copy of the 
report, "Monorail Transport for Zero-G En­
vironment." Orcle 127 on the TSP Request 
Card. MSC-21119 

Recursive Robot-Arm 
Dynamics via Filtering 
and Smoothing 

Forward and inverse 
dynamics are solved using 
Kalman filtering and Bryson­
Frazier smoothing. 

The dynamiCS of a serial-link rOOot arm 
are solved by using recursive techniques 
from linear filtering and smoothing theory. 
The solutions of the dynamical equations 
give the forces, moments, and accelera­
tions at the joints between the links, and the 
multilink inertia matrix and its inverse. The 
theoretical developments lay the founda­
tion for the use of filtering and smoothing 
techniques in the design of robot controls. 

The dynamical equations are written for 
a robot arm that has rotational jOints. The 
innermost joint attaches the innermost link 
to an immobile base. The notions of spatial 
force, acceleration, and inertia are used to 
simplify the dynamical equations. A spatial 
force acting on a link is defined as a six­
dimensional vector, the first three com­
ponents of which represent a moment and 
the last three components of which repre­
sent a force. Similarly, a spatial accelera­
tion is defined to be a six-dimensional vec­
tor formed by an angular acceleration and 
a linear acceleration. The spatial inertia of 
a link is a 6-by-6 matrix that expresses the 
mass and inertia properties of the link 
about its inner jOint. 

The equations of motion for each link 
can be cast as a linear difference equation 
that establishes a means to "propagate" 
the spatial force inwardly within a link from 
the outer to the inner joint. In addition, the 
continuity of the spatial force at the joints 
makes it possible to propagate the spatial 
force across a joint at the interface be­
tween two adjacent links. The recursive 
use of these two propagation mechanisms 
allows a complete link-to-link sequential 
propagation of the spatial force from the tip 
of the manipulator to its base. The differ­
ence equation generates the joint mo­
ments as an output. 

The difference equation is very similar to 
those describing the evolution of the state 
of a discrete-time state-space system. The 
spatial force plays the role of the state. The 
link spatial interval, defined as the vector 
from the inner to the outer joint of a link. 
plays the role of the time interval between 
discrete time samples. However, it should 
be stressed that the equation for the spatial 
forces is a difference equation in space 

and not in time. There is no time discretiza­
tion inVOlved, and a fully continuous time 
evolution is retained. 

Similarly. using the joint accelerations 
as inputs, a complementary difference 
equation produces a set of spatial accel­
erations. The spatial accelerations play the 
role of the costates (or adjoint variables) 
that are typical in optimai-control and esti­
mation problems. This costate equation re­
flects the kinematic relationship between 
the spatial accelerations at the outer and 
inner joints of a link. 

When combined, the state and costate 
difference equations define a two-point 
boundary-value problem. The boundary 
conditions are that the state (forces and 
moments) vanishes at the tip because the 
tip is unconstrained, and the costate (ac­
celerations) vanishes at the base because 
the base is immobile. 

The solution of this is based on filtering 
and smoothing techniques identical to the 
equations of Kalman filtering and Bryson­
Frazier flXed-time-interval smoothing. The 
solutions prescribe an inward filtering 
recursion that starts from the tip of the 
manipulator and proceeds sequentially 
from link to link to the base, to compute a 
sequence of constraint forces and mo­
ments. Similarly, an outward iteration from 
the base to the tip is used to determine a 
corresponding sequence of linkljoint linear 
and angular accelerations. The number of 
required computations grows linearly with 
the number of links. 

This work was done by Guillermo 
Rodriguez of Caitech for NASA's Jet Pro­
pulsion Laboratory. To obtain a copy of 
the report, "Kalman Filtering, Smoothing, 
and Recursive Robot Arm Forward and In­
verse Dynamics," Orcle 148 on the TSP 
Request Card. NPO-17040 

New Products 
Busch, Inc. (Virginia Beach. VA) once­
through-oiling (OTO) vacuum pumps are 
one- and two-stage, rotary·vane, water cool· 
ed pumps with guaranteed end vacuums 
of 50 Torr and 0.5 Torr, respectively. They 
are available in five sizes from 125 to 780 
ACFM, with plastic oil reservoirs up to 25 
quart oil capacity. The OTO svstem, com­
bined with the pump's capability of con­
trolling the operating temperature, allows 
corrosive vapors to be handled with stan­
dard construction materials. Circle ~er 
Service Number 453. 

TRW Motor Division (Dayton, OH) has ex· 
panded the line of accessory options avail­
able for its AC and DC Commercial Cooling 
Fans. The accessories include new wire 
guards, filter screens, filter assemblies, 
plugs and power cords, and lengths for 
power cords. The TRW Commercial Cooling 
Fan line is designed to provide cooling solu­
tions for applications such as office 
copiers, computers,laboratory instrumen­
tation, and industrial electronicl electrical 
control cabinets. Circle Re.der Service 
Number 388. 
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Optical Monitor for Rotating Welding Turret 
Built-in optiCS enable coaxial viewing through a torch in any orientation. 

Marshall Space Flight Center, Alabama 

A set of internal mirrors in a welding· 
torch turret allows a weld seam to be 
monitored regardless of the angle between 
the turret and the torch. The turret can thus 
be rotated as necessary to reach various 
positions on the workpiece. 

Mirrors are placed at the elbow be· 
tween the supporting tube and the turret 
and within the turret, each at 45 0 to its 
respective optical axis (see Figure 1). A 
third mirror in the turret has a central hole, 
through which the welding electrode 
passes. 

The optical system is simple and com· 
pact. It can be placed in a commercially 
available 90 0 welding torch. An additional 
mirror/elbow can be added to rotate the 
view to the desired orientation with respect 
to the portion of the view blocked by the 

To Monitor 

Light 
From 

'"=::&~/ Workpiece 

.. 

Monitoring-System 
Optics 

Book. and Reports 
92 Minimum Joint G.p tor 

Robotic Welder 

Computer Programs 
62 Integrated An.ly.l. 

C.p.blllty Progr.m 

Figure 1. The Workpiece Is Viewed along 
the welding·torch axis with the help of a 
periscopellke arrangement of mirrors. 

Figure 2. TIlted at Any Angle, an arc·welding torch still gives a clear view, through a pair of mir­
rors, of a weld in progress. The turret can be swiveled while the support tube remains fixed. 
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electrode, as in the apparatus shown in 
Figure 2. 

This work was done by Stephen G. 
Babcock, Gerald E. Dyer, and Stephen S. 

Gordon of Rockwell International Corp. for 
Marshall Space Aight Center. No further 
documentation is available. 

Inquiries concerning rights for the com-

Making Double-Bevel End Cuts on Tubes 

mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 18), Refer to 
MFS-29177 

A fixture for a power saw saves time, eliminates waste, and ensures precision. 

Lyndon B. Johnson Space Center, Houston, Texas 

With the aid of a new fixture, tubing sec­
tions can be cut so that they mate precisely 
at orthogonal joints, such as those at the 
corners of protective railings, for example. 
The fixture orients the end of a section at 
the correct angle for two sequential cuts by 
a power hacksaw or bandsaw. It elimi­
nates cut-and-try methods, thereby saving 
time and labor and reducing waste. 

The fixture is made from a notched, gen­
erally L-shaped plate. A tube rests in a 
notch in one leg of the fixture, secured by a 
roller chain that is PJlled tightly around the 
tube section by a thumb screw (see figure). 
Wrth one end of the tube in the fixture ana 
the other end in a clamp on the power saw, 
the tube is leveled, and the first cut is made. 
The tube and fixture are rotated 90 0 and 

TUBE END AFTER FIRST CUT 

releveled, and the second cut is made. The 
tube end is then beveled so that it will mate 
precisely for welding with two mutually per­
pendicular tubes cut similarly. 

This work was done by Joseph R. 
Gardenas and Harvey L Berg of Rockwell 
International Corp. for Johnson Space 
Center. For further information, Orcle 118 
on the TSP Request Gard. MSC-21135 

TUBE END AFTER SECOND CUT 

A Simple Axture positions a tube for a 45 0 end cut, then repositions it for a cut at 90· to the first cut. A roller chain holds the tube in place for both 
cuts. 
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Fast Melting and Freezing for Microgravity Experiments 
Commercial tube welders are adapted to metallurgical research. 

Marshall Space Flight Center, Alabama 

A proposed furnace would melt and 
resolidify small metal samples during brief 
periods. In the furnace, a sample would be 
surrounded by large heat sinks and rapidly 
heated near its midlength by an intense 
source of heat. The furnace is intended for 
use in experiments in microgravity: the 
entire melting·and·freezing process would 
require less than the 20 s of near weight· 
lessness that can be experienced in the 
parabolic climb and dive of a KC·135 air· 
plane. 

In a demonstration of feasibility, the heat 
source was a commercial automatic gas! 
tungsten·arc tube welder. In the automatic 
welder the arc moves around the sample 
at programmed speeds up to 60 r/min. The 
welding current is timed and programmed 
for up to four different current levels. The 
length and poSition of the arc are adjusta· 
ble. 

A variety of resolidification patterns can 
be provided by controlling the flow of heat 
to and from the samples. In the demonstra· 
tion, the samples were aluminum, copper, 
and tungsten rods 90 mm long, with vari· 
ous diameters of 3 mm or more. Aluminum 
masses 13 mm in diameter and 25 mm 
long were attached to both ends of each 
rod to serve as heat sinks (see figure) to 
conduct heat axially from the heated re­
gion at the middle, thus producing direc· 
tional solidification along the axis. (If the 
heat flow along the sample rod were reo 

Heat 
Sink 

Melted and 
Resolidified 

Zone 

Sample 
Rod 

Heat 
Sink 

Large Aluminum Heat Sinks are placed on the ends of a sample rod. The welding arc or other 
intense source of heat is applied at the middle of the exposed portion of the rod and melts a 
short section that resolidifies quickly as heat flows to the heat sinks. 

duced, the molten metal could be made to 
freeze from the circumference toward the 
middle, yielding radial solidification.) 

The automatic tube welder can readily 
be adapted to operate on a KC135 air· 
plane. The 110·V, 6(}Hz, 20·A power on 
board would be ample for the requisite 
welding current. The 90·lb (4Hg) welding 
power supply, the tube·welding head, and 
the operator's remote controller are easy 
to use. Samples can be changed readily 
during flight between low-gravity trajecto­
ries. 

For a microgravity experiment, the fur· 
nace would be fitted with a variety of sen· 
sors. Optical and thermocouple measure· 

ments would be made of temperature, for 
example, and a Peltier pulser would be 
used to mark solidification fronts and di· 
mensional changes. Alternative sources of 
heat can be used instead of the tungsten 
arc - a laser, an electron beam, or f0-
cused thermal radiation, for instance. 

This work was done by Richard M. 
Poorman of Marshall Space Flight Cen· 
ter. For further information, Circle 142 on 
the TSP Request Card. 

Inquiries concerning rights for the com· 
mercial use of this invention should be ad· 
dressed to the Patent Counsel. Marshall 
Space Flight Center [see page 18]. Refer to 
MFS·27181. 

Mlcrogravlty researchers measure the duration of their experiments 
in tens of seconds, when they can find research opportunities at all. Cur· 
rent sources of low gravity include drop tubes, drop towers and aircraft 
such as the KC·135 shown here, during a parabolic flight path 

Weightless In an aircraft, Marshall Space Flight Center scientists melt 
and freeze metal within 20 seconds. Using a I O()"Ampere furnace, 3mm 
and greater diameter aluminum, stainless steel and tungsten samples are 
monitored as they change phase in low gravity fields. 



Shaping Component Leads for Small-Scale Production 
Tedious individual shaping of leads is avoided. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A simple tool makes it easy to bend the 
leads of electronic components quickly 
and uniformly for assembly on a circuit 
board. The tool is useful in the small-scale 
production of electronic circuits; it saves 
labor but avoids the cost of complicated 
machinery. The tool can be made in a 
range of sizes to accommodate compo-
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nents in a variety of dimensions. 
The tool includes a shaft, hollow at one 

end, mounted on a baseplate (see figure). 
The component is inserted in the tool cavity 
with its leads upward. The assembler 
bends the leads over the rim of the shaft, 
creating the first of two bends on each 
lead. A cap is then placed over the shaft, 
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creating a base for a second bend in each 
lead so that they can be bonded to ter­
minals with minimal stress. 

This work was done by Lawrence Jan of 
Lorai Electro Optical Systems, Inc. for 
NASA's Jet Propulsion Laboratory. For 
further information, Qrcle 7 on the TSP Re­
quest Card. NP()'16863 

Printed·Wiring Board 

Lead-Shaplng Proceeds Straightforwardly after insertion of an inverted component into the hollow of the tool. The assembler bends the leads 
downward over the edge of the tool shaft, then places a cap over the shaft. The assembler then bends the leads upward against the cap, giv­
ing them a form that can readily be mounted on a printed-wiring board. 

Alternating-Polarity Arc Welding 
Briefly reversing the polarity of welding current greatly improves the quality of welds. 

Marshall Space Flight Center, Alabama 

A NASA technical memorandum re­
counts progress in the art of variable­
polarity plasma-arc (VPPA) welding, with 
emphasis on the welding of aluminum-alloy 
tanks. VPPA welders offer the following im­
portant advantages over conventional sin­
gle-polarity gasltungsten arc welders: 
• Stray air currents and extemal magnetic 

fields, which ordinarily make the arc wan­
der, have little effect. 

• The alternating polarity keeps the elec­
trodes clean, making it possible to weld 
most aluminum alloys without special 
scraping or cleaning. 

• The alternating arc current sets up 
Lorentz (electromagnetic) forces and 
swirling in the weld puddle that help to 
remove contaminants. 

NASA Tech Briefs, July/August 1987 

• Welding can be done in the keyhole 
mode, in which the plasma punches 
completely through the workpiece. Con­
taminants are swept away, and complete 
weld penetration is ensured. 

• Porosity is nearly eliminated. 
• Because of the high weld quality, radio­

graphic inspection is often unnecessary. 
The arc voltage typically follows a rec­

tangular waveform. For about 19 milli­
seconds, the electrode is negative with 
respect to the workpiece; then for 4 milli­
seconds, the electrode is positive. This cy­
cle yields an alternation frequency of about 
43.5 hertz. The current is 130 amperes in 
the negative polarity and 180 amperes in 
the positive polarity. 

A computer controls the VPPA manipu-

lator, weld-wire feed, torch, and power sup­
ply. The computer regulates a variety of 
measured parameters so that they coin­
cide with the set points established by the 
welding engineer. The computer makes it 
possible to form tapered longitudinal and 
circumferential welds on materials of vary­
ing thicknesses. 

Argon gas is forced through the torch 
orifice at a high velocity so that the hole 
melted in the workpiece opens up ahead of 
the plasma jet in the direction of travel. The 
molten puddle material is washed back­
ward and solidifies behind the plasma jet. 
Because moisture in the gas would distrupt 
the formation of the weld bead and pro­
duce a rough contour, the argon is first 
passed through a titanium getter furnace 
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and filters, which absorb moisture. 
The torch was redesigned to align the 
electrode precisely, to eliminate double ar­
cing (in which the arc jumps from the elec­
trode to the nozzle to the workpiece), and 
to provide a steady, fast, concentrated 
argon flow. An electrical filter was 
developed to reduce electromagnetic in­
terference from the polarity reversals, 
thereby ensuring a constant arc voltage. 
Other measures to reduce electromagne­
tic interference included separating signal 
and power leads, using twisted pairs in the 
power cables, providing noise-bypass 

capacitors, and increasing the distance 
between power and control cabinets. 

The VPPA process has been used to 
weld over 190,(0) in. (4.8 km) of type 2219 
aluminum alloy in thicknesses up to 1 in. 
(2.5 em) without a single internal defect. 
Tensile properties were better than those 
for conventional gasltungsten arc welding. 
There has been no reduction of fracture 
toughness or fatigue life. Similar benefits 
result from the VPPA welding of other 
aluminum alloys. 

This work was done by R. J . 
Schwinghamer of Marshall Space Aight 

Hot-Gas Nozzle for Desoldering Leadless Ie's 
An economical tool fits on a hot-air gun. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Printed-Circuit 
Board 

Integrated 
Circuit 

Figure 1. A Hot-Gas Solder1ng/Desolder1ng Nozzle removes a leadless, surface-mounted,ln­
tegrated circuit from a printed-circuit board. The nozzle can be used with a hot-air gun of the 
type used to apply heat-shrink tubing or with some other source of hot gas. 

A simple hand-held tool removes lead­
less, surface-mounted integrated circuits 
(IC's) from printed-circuit boards (see 
Figure 1). It can also be used for installa­
tion. The tool is a specially shaped nozzle 
that fits on a hot-air gun or other source of 
hot gas (see figure). It takes only 5 to 7 
seconds to remove an IC with the new tool. 
The new tool is easier to use and less likely 
to damage either the IC or ~he circuit board 
than are tools of the soldering-iron type. 

The nozzle (see Rgure 2) includes a de-
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flector that directs the gas flow away from 
the IC and onto the soldered contacts on 
the mounting pad at the base of the IC. The 
heat is thus concentrated uniformly on the 
solder joints, without undue spot heating 
that would cause damage. A small, high­
energy (rare-earth) magnet in the deflector 
applies a lifting force to the IC via magnetic 
material in the IC. Thus, the IC is pulled 
away from the board as soon as the solder 
is melted. 

Deflectors of various sizes could be 

Center. Further information may be found 
in NASA TM-86536 [N86-196171 
NSP], "Unique Variable Polarity Plasma 
Arc Welding for Space Shuttle. " 

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 (BOO) 336-4700. The re{X)rt is 
also available on microfiche at no charge. 
To obtain a microfiche copy, Circle 73 on 
the TSP Request Card. 
MFS-27147 

used to adapt the nozzle to IC's of different 
sizes. Alternatively, a series of nozzles of 
different sizes with permanently mounted 
deflectors could be used. Nozzles with 
other types of mechanical or vacuum grips 
could also be devised. 

This work was done by Mark T. Hanlon 
and Robert M. Deering of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 165 on the TSP 
Request Card. 
NPO-16897 

Hot Gas 

Cylindrical 
Split-Ring 
Adapter 

Figure 2. The Rectangular End of the Noz­
zle and the deflector shape the airflow pat­
tern to concentrate the heat directly on the 
soldering pads located around the edge of 
the IC's to heat them quickly and uniformly. 
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Applying Tape in 
Vacuum or Air 
Cost and complexity may be 
reduced. 

Marshall Space Flight Center, 
Alabama 

A device applies adhesive second-sur­
face-mirror tape to flat surfaces. The use of 
the device replaces the previous applica­
tion of tape by a time-consuming and labor­
intensive procedure of autoclaving in 
vacuum bags. 

The device was developed to test the 
feasibility of applying thermal-control tape 
to radiator panels in the Space Station. 
Repairs could then be made in orbit; it 
would be unnecessary to return radiators 
to Earth for refurbishment. The device can 
be used in air, possibly as part of a ter­
restrial fabrication process. However, if the 
taped item is to be exposed subsequently 
to a vacuum, the possibility of the forma­
tion of bubbles of trapped air must be taken 
into account. 

Housed in a vacuum chamber, the de­
vice presses a tape dispenser against a 
panel (see figure). As a manipulator pulls 
the panel under the dispenser, tape from a 
roll adheres to the panel and forms a long 
strip. The tape liner is separated from the 
tape as the tape is dispensed. When a strip 
has been laid down, a threaded rod can be 
rotated to index the device to a new posi­
tion for application of an adjacent strip. 

This work was done by Karyn S. Downs 
and Kenneth A. Karki of Martin Marietta 
Corp. for Marshall Space Right Center. 
No further documentation is available. 

InqUiries concerning rights for the com­
mercial use of this Invention should be ad­
dressed to the Patent Counsel, Marshall 
Space flight Center [see page 18].Refer to 
MFS-2818Z 

• Free PublIcIty 
• •• JprOYed PI'* 

RelatIons 
• Inrnal.d Sal .. 
-Alllhree are possible if we can 
describe how your company has 
used NASA technology to develop 
and improve its products. 

For more information. call: 
LlndaWatls 
(301) 821-G241 
NASA ........ 
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The Taping Device lays down a strip of tape as the panel moves underneath. 
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Books and Reports 

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

A report describes an evaluation of the 
factors influencing the minimum-gap re­
quirement for a robot-welded joint. The 
evaluation is part of a series on a vision­
based welding-control system. 

Minimum Joint Gap 
for Robotic Welder 

In the robotic system, trajectory control 
is based on optoelectronic detection of the 
joint and, optionally, of the edges of the 
weld pool. The joint center and joint edges 
are extracted from the second derivative of 
the light-intensity profile with respect to 

A vision system requires a 
minimum gap at a joint to be 
welded. 
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If you're an aerospace systems support engineer with 
experience in safety, reliability, maintainability and quality 
assurance (SRM&QA), it's time to ally your talents with a 
world leader in technology and management consulting. 

Booz·Allen & Hamilton's rapidly growing Technology 
Centers are nationally recognized for providing life cycle 
system development services to government and industry. We 
now have positions open for aerospace QA and risk manage­
ment analysts , risk management/ trend analysis specialists and a 
SRM&QA program specialist for diverse aerospace SRM&QA 
assignments out of our Bethesda, Maryland facility. 

Now you can advance your career while you develop 
SRM&QA programs and plans , analyze and recommend 
approaches to risk management , perform trend analysis, 
develop failure analysis techniques and determine MTBF. 
Your contributions will be critical to the success of future 
NASA missions. Additional rewards include an excellent 
salary, top benefits and the almost limitless growth 
opportunities that only a leader can provide. 

All of these positions entail extensive NASA interface and 
some travel. Prerequisites include a thorough understanding 
of SRM&QA and a degree in Aerospace Engineering , 
Mathematics , Physics or Operations Research. An advanced 
degree is preferred. 

In addition , we need computer scientists, engineers and 
related professionals for a variety of other NASA program 
assignments. 

If you're ready to fly high in an exciting environment while 
you earn greater professional and personal rewards, send your 
resume to John Jaeger, Booz·Allen & Hamilton Inc. , Dept. 
044, 4330 East West Highway, Bethesda, Maryland 20814. Or 
call him now, toll free at 1·800·858·4630. 

BOOZ·ALLEN & HAMILTON INC. 
An Equal Opportunity Employer, U.S. citizenship is required . 
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position across the joint. The maximum 
positive second derivative defines the joint 
center, and the maximum negative second 
derivative defines the edges. Each feature 
is given a confidence level based on the 
number of times the feature is detected 
within a window column. 

When the system calculates a response 
to a tracking error, it uses the detected joint 
features on a priority basis. The first priority 
is to use the detected joint-edge locations 
to calculate the joint center, which is then 
used to determine the tracking error. This 
method is the most accurate. However, if 
the confidence levels of the joint edges are 
below a preset threshold, the detected jOint 
center is used in the error calculation. If the 
confidence level of the detected joint cen­
ter is also below the threshold, the system 
makes no control response, but maintains 
its current path. 

In the evaluation of the joint-tracking 
system, plates 0.125 in. (3.2 mm) thick, to 
be butt-welded, were beveled to obtain the 
desired gaps on the surfaces opposite 
those of the butted edges. Joints with in­
cluded angles of 00, 50, and 10 ° were 
studied, corresponding to gap widths of 0, 
0.01, and 0.02 in. (0, 0.25, and 0.5 mm, 
respectively). The butted plates were 
clamped in a fixture. A welding-torch ma­
nipulator was programmed to follow the 
joint closely. 

The experiments showed that a mini­
mum gap width less than 0.01 in . 
(0.25 mm) is adequate under controlled 
conditions. This means that the edges of 
the plates 0.125 in. (3 mm) thick to be joined 
have to be beveled to an angle of only 2.5 o. 

However, the gap is a function of the 
workpiece restraint, the heat input, and the 
heat flow, all of which affect the thermal 
distortion of the gap. For practical pur­
poses, therefore, a minimum gap of about 
0.02 in. (0.5 mm) is needed, corresponding 
to a 5 ° edge bevel or 10 0 included angle at 
the joint. 

This work was done by K. J. Gangel and 
J. L. Weeks of Rockwell International Corp. 
for Marshall Space Aight Center. Fur­
ther information may be found in NASA 
CR-178537 [N86-165861NSP], "Investiga­
tion of Weld Joint Detection Capabilities of 
a Coaxial Weld Vision System." 

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 (BOO) 336-4700. The report is 
also available on microfiche at no charge. 
To obtain a microfiche copy, Circle 16 on 
the TSP Request Card. 
MFS-27144 

NASA Tech Briefs, July/August 1987 



MalhamaUcs and InlOrmaUon SCiancas 
Books and Reports Computer Programs 

93 The Diffusion of Inno".tlon 
93 Partitioned Matrices for 

63 FORTRAN Algorithm for 
Image Processing 

Combined Un •• r Systems 64 Expert System for 
Automated DeSign 
Synthesis 

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

The Diffusion of Innovation 
New ideas encounter 
obstacles on the way 
to becoming products. 

A report examines the process by which 
new ideas become products, processes, 
or accepted standards - a sequence of 
events that has been called "the diffusion 
of innovation." The report focuses on the 
development of material processing in low 
gravity as a case study in the diffusion of in­
novation. 

The report considers the origins of the 
diffusion process in consumer and non­
consumer industries. It analyzes incen­
tives for innovation and the roles of market 
"pull" and technology "push." 

The learning process is discussed as it 
pertains to innovation, from the purely per­
sonal and psychological level to the com­
munal level. The ways that ideas spread 
are reviewed - word of mouth, journals, 
and advertising media, for example. 

Details of the diffusion process are ex­
amined. In particular, the product<levelop­
ment process In a high-technology industri­
al firm is found to evolve naturally through 
assessment, development, and execution. 
Special attention is given to the barriers 
that impede the diffusion of innovation. 
Among these are schisms between de­
signers and male rials specialists, between 
materials scientists and materials proc­
essors, and between theoreticians and 
empiriCists. Ways of bridging the schisms 
are evaluated. Notably the MIT Materials 
Processing Center was founded to work 
with industry and govemment on broad 
problems in the production and forming of 
materials. 

Finally, the industrial marketplace is 
scrutinized. The influence of risk and un­
certainty on diffusion is discussed, as is the 
effect on company attitudes of such fac­
tors as company size, resources, manage­
ment structure, available capital, and c0m­

petitive status. Attitudes are summarized 
for large companies. middle-size com­
panies. small companies, and entrepre-
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neurs. 
This work was done by Gerard J. 

Earabino, G. Christopher Heyl, and 
Thomas J. Percorini of Worcester Poly­
technic Institute for Marshall Space 
Aight Center. To obtain a copy of the re­
port, "The Diffusion of Innovation: From 
Concept to Product," Circle 132 on the TSP 
Request Card. MFS-2001O 

Partitioned Matrices for 
Combined Linear Systems 
Multiple-input, multiple­
output mathematical 
models are combined. 

A report presents the mathematical 
background for the combination of linear 
multiple-input, multiple-output equations of 
subsystems into overall matrix equations 
for a whole system. The development of 
such system mathematical models is es­
sential for the design of complicated con­
trol systems. 

The theory applies to subsystems that 
behave according to 

x=Ax+Bu 
y = Cx + Du 

where x and yare state and observation 
vectors, respectively, and where A, B, C, 
and D are the state, control, observation, 
and feedforward matrices, respectively. 

The equations of a subsystem can in­
clude an input-selection matrix F that op­
erates on generalized input vector w to 
produce selected input u = Fw. There can 
also be an output-selection matrix H that 
operates on the observation vector to pro­
duce selected output z = Hy. An output­
selection matrix that is not an identity ma­
trix could be used as a feedback-controller 
model independent of the model of the 
plant to be controlled. 

The system models can be produced 
from the models of six different kinds of 
combinations of subsystems: (1) separate 
subsystems with parallel inputs, (2) 
separate subsystems with parallel inputs 
and summed outputs. (3) concatenated 
subsystems, (4) separate subsystems with 
a common input, (5) separate systems with 
a common input and summed outputs. and 
(6) a feedback system composed of two 
subsystems. 

The system matrix equation is formed 
from and can be partitioned into subma­
trices. Just as a matrix equation is formed 
from scalar equations, a matrix equation 
representing a system can be formed with 

submatrix elements derived from the sub­
system matrix equations. The overall ma­
trix and the submatrices can be manipulat­
ed in the same manner as that of normal 
matrices and their elements, provided that 
the matrices are conformable for the given 
mathematical operation. The author devel­
ops the partitioned system matrix repre­
senting each of the six subsystem combi­
nations. 

The report includes a description of a 
MATRIX/ computer-program-command 
file to aid in the combination of subsystem 
models. This file uses subsystem matrices 
that have names consistent with those in 
the mathematical derivation. The options 
provided by the command file are the six 
subsystem combinations. The command 
file produces A, B, C, and D submatrices 
and the full matrix for the total system. 
*MATRI><X is a proprietary product of In­
tegrated Systems, Inc., Palo Alto, Galifor­
nia. 

This work was done by Eugene L Duke 
of Dryden Flight Research Facility for 
Ames Research Center. Further infor­
mation may be found in NASA TM-85912 
[N86-251661NSP], "Combining and Con­
necting Linear, Multi-Input, Multi-Output 
Subsystem Models. " 

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 (BOO) 336-4700. 

Inquiries concerning rights for the 
commercial use of this invention should 
be addressed to the Patent Counsel, 
Ames Research Center [see page 18]. 
Refer to ARG-11727. 

New Products 
A base station that improves the commer· 
cially available accuracy of the Navstar 
Global Positioning System (GPS) from 25 
meters to within 10 meters has been in­
troduced by Rockwell's Collins Air Tran. 
port DIvIsion. The Collins Differential GPS 
Base Station receives the GPS satellite sig· 
nals, compares the position data with the 
position of a presurveyed point, and pro­
vides correction data to other GPS users 
observing the same satellites. Correction 
data includes the pseudo-range correction, 
delta-range correction, satellite 10 and fig­
ure-of-merit, base station 10 and health 
and the age of the correction. Correction~ 
can be sent in real-time through a radio link 
to the remote users. Circle Reader Service 
Number 367. 
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Llle SCiences 
Hardware, Techniques, and 
Processes 

94 Perhenslle Foot Restraint 

Prehensile Foot Restraint 
Underwater or in space, this device would boost productivity. 

Lyndon B. Johnson Space Center, Houston, Texas 

A proposed prehensile foot restraint 
would enable such workers as astronauts 
and divers to maintain fixed positions in 
zero gravity or in buoyancy with minimal ef-

fort. With the foot restraint, a worker could 
devote attention more fully to the task at 
hand, with little concern about holding on 
to a supporting structure. 

A Claw Near the Toe of a Shoe would grip a rail. The wearer would use the flexible shaft, first 
to lock the claw tightly on the bar; then, when the work is done, to open the claw. 

94 

The concept calls for a clawlike fixture 
on each of the worker's feet (see figure). 
The claw would grip a rail in the work area, 
fixing the worker's position without awk­
ward belts or torso clamps. 

Positioned on the top of the foot be­
tween the toes and arch, theclawwould be 
easily seen by the wearer. To lock onto a 
rail, the wearer would bring the top of the 
foot under the rail. The act of bringing a 
claw in contact with the rail would activate 
a mechanism to close the claw loosely. 
Later, when the wearer is in the desired 
orientation and position on the rail , the 
wearer can activate a locking mechanism 
to make the claw grip the rail tightly. With 
both feet thus engaged, the wearer will be 
securely perched on the rail , much like a 
bird on a branch. 

The locking mechanism would be oper­
ated through a flexible shaft extending 
from the claw along the leg to midthigh, 
where the shaft handle could be easily 
reached. The same shaft would be used to 
release the claw when the worker is ready 
to move. The shaft would not interfere with 
joint movement at the ankle, knee, or hip. 

Two shafts - one on each leg - could 
be extended and joined on a girdle at the 
abdomen. The wearer could then lock or 
release both claws simultaneously with a 
single motion. 

Two other methods of activating the 
locking/unlocking mechanism are also 
proposed. In a system based on over-cen­
ter latching and releasing, the wearer 
could simply pull the shaft; the first 'pull 
would latch, and the second would un­
latch. Alternatively, to lock the claw, the 
wearer could turn a spin-wheel- or water­
faucet-type double-acting helix drive to 
pressurize a hydraulic gel in the shaft 
against a piston that is spring loaded in the 
"open" position. To unlock and open the 
claw, the wearer would turn the wheel to 
relieve the hydrauliC pressure. 

This work was done by Charles A. Willits 
of Rockwell Internationa/ Corp. for 
Johnson Space Center. No further 
documentation is available. MSC-21071 
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~ Special Report: 

, 'D espite up-turns and down­
tums as market conditions 
change, skilled engineers 

continue to be in great demand," says 
Joseph Gendron, Managing Director 
for Source Engineering, a nationwide 
recruiting firm targeting engineers. 
" But," he points out, "despite this de­
mand, needs for specific engineering 
skills will rise or wane as technology 
evolves." 

Which high tech specialties are on 
the rise? Here are key areas experts ad­
vise watching: 

• Electronlcs-The electronics mar­
ket is experiencing a period of rapid 
growth, with more than 100,000 jobs 
having been created since 1983, re­
ports the U.S. Bureau of labor Statis­
tics. "The demand is greatest for sen­
ior level engineers with software de­
sign expertise and a working know­
ledge of hardware," says Thomas 
Thrailkill , President of Independent 
Personnel Consultants, an Alabama­
based recruiting firm. 

Defense electronics will remain a 
booming market in upcoming years, 
according to Mr. Gendron. " An order 
backlog on projects such as SOl (Stra­
tegic Defense Initiative) and EliNT (el­
ectronic intelligence) will create oppor­
tunities for military engineers into the 
next decade and beyond," he explains. 

.Artlflcialintelllgence (AI}-"The 
most lucrative high tech field today is 
artificial intelligence," states Janet 
Dierker, a recruitment specialist for 
Booz Allen & Hamilton, a leading tech­
nology consulting firm. "A shortage of 
qualified engineers has turned AI into 
a seller's market." 

Mr. Gendron predicts AI will be a$5 
billion industry by 1990. As CAD/CAMI 
elM expands, he says, "the entire 
arena of AI will grow. Fields of special­
ization such as knowledge representa­
tion, machine Vision, and image pro­
cessing will come into their own." 

NASA Tech Briefs, July/August 1987 

An overview of today's engineering job market 

.Aerospace-Mr. Thrailkill fore­
sees increased opportunities within 
the space program. "Things are star­
ting to tum around now that we have a 
reasonably fi rm schedule for the next 
few Space Shuttle launches," he 
states. "And there's also a great deal 
of anticipation for Space Station." 

"The advent of Space Station will 
dramatically increase the engineering 
job market," according to James Fur­
ilia, Personnel Director for Ford Aero­
space. Mr. Furillaestimates that within 
the next five years the project will cre­
ate 2000 additional pOSitions for de­
sign engineers alone. 

"(Space Station) will open up a 
whole new world of opportunities in ar­
eas such as waste management, 
chemistry, thermal analysis, and elec­
tronics for communications," adds 
lee Holcomb, a professional recruiter 
for Grey-Kimball Associates, a New 
York search firm . 

• Communlcatlons-The commun­
ications field will expand at least four­
fold over the next decade, Mr. Gendron 
predicts. ''This surge," he explains, " is 
due in part to improved price/perfor· 
mance of new communications tech­
nologies, and in part to the divestiture 
of Bell Systems." Gendron stresses 
the need for communications engi· 
neers to broaden their skills. Engi­
neers who can combine multiple skills 

Approximate 
Number of 
Engineers 

Employed in 
the U.S.: 

Employment, 1986 (OOO's) 
Source: 

Bureau of Labor Statistics 

of mechanical, electromechanical , 
chemical, electronics, acoustics, and 
communications theory and applica­
tion will be in top demand by commun­
ications companies, he says. 

• Semlconductors-The semicon­
ductor industry is " just beginning to 
make a crack in the cement wall," ac· 
cording to Mr. Gendron. "Newer tech­
nologies are now gaining industry ac­
ceptance that will help revitalize the in­
dustry." Gendron looks for manufac­
turers to initiate the evolution of new, 
less costly IC's in the near future. 

Ms. Dierker, however, foresees con­
tinued stagnation. "It may be awhile 
before there's any real job growth in 
the semiconductor industry," she 
says. "We've simply reached the satur­
ation pOint in that market." 

Chemical engineering is another 
area in which Ms. Dierker sees little 
growth potential."The chemical and 
petrochemical industries are on a 
downswing right now," she says. Adds 
Mr. Gendron, "Chemical engineers are 
the hardest for us to place. The de­
mand just Isn't there." 

Of the high technology market on a 
whole, however, the experts agree 
there is little danger of oversaturation. 
"There are still more jobs than bodies 
to till them," comments Mr. Furilla " I 
don't foresee that changing anytime 
soon." 0 
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FeedbaCk 
Changing Formats 
I would like to see an easier "scan­
ning" format summary, such as an ar­
ticle list on the front cover. 

John Dunlop 
Development Engineer 
Cominco Electronics 
Spokane, WA 

Editor's note: Though we didn 't use 
Mr. Dunlop's suggestion, we have 
redesigned the journal, commencing 
with this issue. Let us know how you 
like it. 

ERIM REPORT #6a 

White Hot 
I am interested in flame retardants for 
polyolefins. The art icles " Fire-and 
Heat-Resistant Laminating Resins" 
(May, 1987) and "Catalytic Layer 
Makes Aircraft Seats More Fire Retar­
dant" (May, 1987) were very thought­
provoking and helped me generate 
ideas for my research. 

Dr. Marifaith Hackett 
Chemist 
Amoco Chemical Company 
Naperville, IL 

We were considering using Halon 1301 
in Space Station fire suppression, but 

3D Sensor Developments 
Three-dimensional (3~) sensor technology first demonstrated at ERIM 
in 1976 is providing exciting new capabilities in a variety of applications. 

The 3D Sensor 
The 3D sensor technology being 
developed at ERIM is based on the 
principles of optical radar. A 
modulated laser beam is rapidly 
scanned over the scene and the 
reflected energy is processed to 
extract phase information and 
provide a signal proportional to 
range. Thus, directed measurements 
of a scene's geometrical 
characteristics are obtained. 

Mobility and Navigation 
ERIM's 3D sensor technology is 
providing an excellent alternative to 
human stereo vision in control 
systems for future autonomous land 
vehicles (ALV) that will operate in 
environments too hostile for man. 
ERIM 3D sensing units are also being 
used in the Ohio State University 
Adapt ive Suspension Veh icle (ASV) 
to provide automatic "subconscious" 
functions of attitude control and 
detailed foot placement for both 
forward and turning movements. 

Future Robots 
Future robots for factory automation 
will be part of a larger system that 
includes 3D vision to obtain 
information about the robot's 
surroundings. The 3D vision sensor 
will enable the robot to automatically 
account for such things as obstacles 
and misoriented parts and to perform 
parts inspection by accurate shape 
measurements. 

Autonomous .. 
Vehicle Control Syste~' -: :lJ:: 

Career Opportunities 
ERIM has research and management 
positions available in Ann Arbor, MI , 
Washington DC, Dayton, OH and Ft. 
Walton Beach, FL. Posit ions are 
available at several levels in the 
following areas: 

• Radar System Design 
• E-OIIR System Design 

and Analysis 

• Computer Vision 
• Optical Computer System 
• Phase Retrieval/Signal 

Reconstruction 
• Radar System Engineering and 

Analysis 

• Signal and Image Processing 
• Microwave Scattering and 

Measurement Engineering 

• Diffractive Optics 

All positions require a BS, MS, or 
PhD in engineering, physics, 
mathematics, or statistics, along with 
appropriate work experience. Salary 
and benefits are highly competitive. 

For details, telephone (313) 994-1200, 
ext. 3260. Or send your resume to 
Personnel Administrator, Dept. NT, 
ERIM, P.O. Box 8618, Ann Arbor, MI 
48107-8618. 

u.S. Citizenship required/Equal opportunity employer 

..... 4 
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were worried about toxic compounds 
produced when Halon 1301 is used to 
extinguish fires. I noticed an article in 
Tech Briefs in which Johnson Space 
Center had eliminated this problem by 
addition of ammonium compounds to 
the Halon prior to using it as a fire sup­
pressant. While we are a NASA center, 
the agency is too large for us to know 
about programs conducted at other 
centers, and Tech Briefs helps in this 
area (We need more chemical or 
hazardous waste articles.) 

Dinah Higgins 
Aerospace Technologist -
Materials 
NASA/Marshall Space Flight 
Center 
MSFC, AL 

Problem Solving 
Two recent articles-one regarding 
the "wet winding" of coils, and the se­
cond regarding conductive silver 
epoxy, were applied with good results 
to our production methods. The first 
article helped us with a cost/time pro­
blem regarding encapsulation of site­
built coils, and the second solved a 
reliability problem with its advice to 
abrade surfaces to help the adhesion 
of the silver-filled epoxy. 

Bruce E. Baldwin 
QA Manager 
Microwave Application Group 
Santa Maria, CA 

Tech Briefs has provided solutions in 
the design and control of self­
regulating systems, and has provided 
insights and solutions in problems of 
material selection. 

Dr. Hugo E. Mayer 
Operations Research Analyst 
TRADOC Analysis Command 
Ft. Leavenworth, KS 

I enjoy the articles on services to small 
technical firms such as low-cost pa­
tent searches and information 
retrievallsearch services. Knowing 
about these resources is fully as im­
portant as the technology items you 
report. 

S. B. Prellwitz 
Principal 
Prellwitz/Pittsburgh Co. 
Pittsburgh, PA 

Budget Booster 
A very convincing tool in persuading 
management as to the importance of 
certain technological developments 
and their impact on our requirements. 
Thank you for this very informative and 
impressive service. 

M.F. Aschenberg 
Senior Manufacturing 
Engineer 
McDonnell Douglas 
Long Beach, CA 
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Data bus adapts to 
changing traffic level 
page 36 GSC·12967 

CIRCUIT BOARDS 
Hotlla. nozzle for 
de soldering leadless IC's 
page 90 NPO·16897 

Shaping componenl 
leads for small ·scale 
production 
page 89 NPO·I6863 

CLUTCHES 
Shaft coupler with 
friction and spline 
clutches 
page 83 ARC·11627 

COAL 
Coal-fired rocket engine 
page 84 NPO·16902 

COATINGS 
Thermal·barrler coatings 
containing ytterbla 
page 52 LEW-14057 

COBALT ALLOYS 
Producing low-oxygen 
samarium/cobalt magnel 
alloy 
page 60 MFS·27011 
COMPOSfTE 
STRUCTURES 
Measuring lhe 
interlaminar shear 
strengths of composites 
page 71 LEW·14417 

COMPUTER AIDED 
DESIGN 
Integrated analysis 
capability program 
page 62 GSC·l2992 

COMPUTERIZED 
SIMULATION 
Simulation of research 
and development 
proJects 
page 64 NPO·16937 

CONNECTORS 
Mechanism connects 
and disconnects lines 
remotely 
page 80 MSC-21086 

CONSTRAINTS 
Prehensile foot restraint 
page 84 MSC·21071 

CONTAlNERLESS MELTS 
Producing low-oxygen 
samarium/cobalt magnet 
alloy 
page 60 MFS·2701 I 

CONTROL 
Robot·arm dynamiC 
control by compuler 
page 36 NPO·16742 

CONTROL SIMULATION 
Computer programs for 
spacecrs" maneuvers 
page 75 NPO 16332 

CONTROL THEORY 
Partitioned malflces for 
combined near systems 
page 93 ARC· I I 727 

COUPLINGS 
FleX'lble couphr.g With 
cenlellng deVice 
page 84 GSC·I2976 

COVERINGS 
large deployaole st'lroud 
page 46 MFS·28173 

CRYOGENICS 
Glass·to·metal seal 
against liqUid hehum 
page'3 NPO·16308 

CRYOPUMPING 
Vlbratlon·lree vanes 
dlrec1 cryogenic flow 
page 73 MFS-2918O 
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CRYSTALLINITY 
PoIYlmldes containing 
carbonyl and ether 
connecting groups 
page 54 LAR·13633 

CURING 
Olelectnc monitorIng of 
curing composites 
page 59 MFS·27082 

CUTIING 
MakIng double·bevel end 
cuts on tubes 
paQe87 MSC·21135 

DDDDD 
DAMPERS (VALVES) 
Hlgh·temperature 
'Ilbration damper 
page81 ARC·1160' 

OATA TRANSMISSION 
Data bus adapts to 
changing traffic level 
page 36 GSC-1 2967 

DEICERS 
Electromagnelic 
repulsive deicer for 
aircraft 
page 82 ARC'116t3 

DESIGN ANALYSIS 
Program for parabolOidal 
solar concentrators 
page 62 NPO· 16870 

DIELECTRIC 
PROPERTIES 
Dielectric monitoring of 
curing composites 
page 59 MFS·27082 
DIFFRACTION 
PATIERNS 
ApOdlzation control of 
line shape In 
spectrometer 
page45 NPO·l6389 

DIGITAL COMMAND 
SYSTEMS 
Robot·arm dynamic 
control by computer 
page 36 NPO·16742 

DIRECT CURRENT 
Computerized torque 
control for large dc 
motors 
page 30 MFS·28169 

DIRECTIONAL 
SOLIDIFICATfON 
(CRYSTALS) 
Directional solidification 
of nodula, cast iron 
page 46 MFS-26015 

DISPLACEMENT 
MEASUREMENT 
Flber-opllc lateral­
displacement sensor 
page 72 MFS-29170 

DYNAMIC CONTROL 
Recursive robot-arm 
dynamics via filtering 
and smoothing 
page 85 N PO-17040 

EEEEE 
elECTRIC 
CONDUCTORS 
Shaping component 
leads for small·scale 
production 
page 89 NPO-I6663 

ELECTRIC 
CONNECTORS 
Mechanism connects 
and disconnects lines 
remotely 
page 80 MSC·21086 

ELECTRIC MOTORS 
Compulerozed torque 
control for large dc 
motors 
page 30 MFS-28169 

ELECTRONIC 
EQUIPMENT 
More on effects of 
radiation on electroniCs 
page 35 NPO·17019 

EXPERT SYSTEMS 
Expert system for 
automated design 
synthesis 
page 64 LAR· 13687 

FFFFF 
FlBER OPTICS 
Fiber-optic lateral· 
displacement sensor 
page 72 M FS-29 I 70 

Overview of flber-optlcal 
sensors 
page 45 NPO-16817 

FIELD EFFECT 
TRANSISTORS 
Electronically controlled 
resistor bank 
page 30 MFS·29149 

Switching circuit 
regulates solenoid 
current 
page 29 MFS·19904 

FIRE EXTINGUISHERS 
extinguishing fuel ·leak 
fires In let engines 
page 59 ARC'11553 

FIXTURES 
Making double-bevel end 
cuts on lubes 
page 87 MSC·21135 

FLfGHT SAFETY 
Electromagnelic 
repulsive deicer for 
8Hersft 
page 82 ARC·11613 

FLlp·FLOPS 
FM·to~Jgltal convener 
page 32 ARC· I I 172 

FREEZING 
Fast melting and 
freeZing for mlcrogravUy 
expenments 
page 88 MFS·27 I 8 I 

FREOUENCY STABILITY 
Electronically tuned 
microwave OSCillator 
page 28 NPO·16836 

FUEL TANK 
PRESSURIZATION 
Healers lor COfTibUS11ble· 
gas tanks 
page 7' MFS·291S5 

FUEL TANKS 
Dynamical 
conSlderallo"s lor 
te1hered orbital refueling 
facility 
page 76 MSC·21076 

Propellant tanks for 
tethered orbital refueling 
faCilIty 
page 75 MSC·2107' 

FURNACES 
Fast melting and 
freeZing for mlcrograv,ly 
expenments 
page86 MFS27181 

GGGGG 
GALILEO PROJ ECT 
Computer programs for 
spacecrah maneuvers 
page 75 NPO·16332 

GALLIUM ARSENIDE 
LASERS 
ApprOXimate analysis of 
semiconductor laser 
arrays 
page" NPO·I6813 

GALLIUM ARSENIDES 
ZnSe films In GaAs solar 
cells 
page J.4 NPO·16900 

GAS PIPES 
Mechanism connects 
and disconnects lines 
remotely 
page 80 MSC·21086 

GAS TUNGSTEN ARC 
WELDING 
Altematlng-potantyarc 
welding 
page 89 MFS·27147 

GRAPHITE 
Dlrecfional soHdlltcation 
of nodular cast iron 
page 46 MFS·28015 

GUARDS (SHIELDS) 
large deployable shroud 
page 46 MFS·28173 

HHHHH 
HARNESSES 
Prehensile foot restraint 
page 84 MSC·21071 

c:mx Micro·20 

68020 
Single-Board Computer 
Mainframe CPU Performance 

on a 5.75" x 8.8" Board 
(benchmark results available on requesl) 

$2565C!9 12.5 MHz Version 
Quantity Discounts Available 

Features 
• 32-Blt MC68020 Processor (12.5, 16.67, or 

20M HZ) 
• MC68881 Floating-point coprocessor (optional) 
• 2 Megabytes 01 32-bit wide, high-speed RAM 
• 4 RS-232 SerIal I/O Ports (eKpandable to 36) 
• 8-bit Parallel 1/0 Port ('CentronIcs' compatible) 
• Time-ol-Day Clock w/batlery backup 
• 16-bit 1/0 EKpansion Bus 
• Up to 256 Kbytes 01 32-bit wide EPROM 
• Floppy Disk Controller lor two 5 y. " drives 
• SASI Intelligent Peripheral Interface (SCSI subset) 
• Mounts directly on a 5 y. " Disk DrIve 
• Optional Boards Include Arcnet, Prototyplng, 1/0 

Bus Adapter, 60 line Parallel I/O, RS-422/485 

Software 
Included: 
• GMX Version 01 Motorola 's 020Bug Debugger 

with up/download, breakpoint, trace, single­
step, and assembler/disa.ssembler capabilities 

• ComprehensIve Hardware DIagnostics 
Optional: 

UNIX"'-/ike Multl-userlMufli-tasking 
DIsk Operating Systems 

• OS-9/68000'" (Real-time and PROMable) 
• UnIFLEX'" 

Programming Languages and Application 
Software 

• BASIC, C, PASCAL, ABSOFT FORTRAN, COBOL 
and ASSEMBLER 

• Spreadsheet, Data BaS6 Management, and 
Word Processing 
COMPUTE EVALUATION SYSTEMS AVAILABLE 

c:mxn: 
1337 West 37th Place 

Chicago, IL 60609 
(312) 927·5510 • TWX 91()'221-4055 

State-of-the-Art Computers 
Since 1975 
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Sign Up Today! 
Reserve your place now 
at the world 's largest 
commercial space conference 
and exposition: 

SP/\CE 
TECHNOLOGY 
COMMERCE & 
COMMUNICATIONS 

November 17-20, 1987 
George R. Brown Convention Center 
Houston, Texas USA 
The extensive four -day program offers the 
aerospace, government and industrial community 
sessions in each of the following categories: 

• Commercial Space Overview 
• Transition from Public to Private Sector 
• Current & Future Launch Services 
• EL V Industry 
• Heavy Lift VehK:les 
• Space Stations & Industrial Platforms 
• Remote Sensing Technology 
• International Remote Sensing Issues 
• Satellite CommunK:ations Technologies 
• Satellite Communications Applications 
• Robotics 
• Information Systems 
• Modeling & Simulation 
• Artificial Intelligence 
• Materials Processing 
• Spinoffs 
• Lunar Business Potentials 
• Commercial Space Roundtable 
• Commercial Space Project Management 
• Financing Case Studies 
• Venture Capital Fair 
• Legal and Insurance Issues 
• Entrepreneurs in Space 

PLUS see exhibits from major inernational organizations 
like NASA, National Space Development Agarcy of 
Japan, China Great Wall Industry Corp., Lockheed, 
General Dynami:s, Martin Mariena, Aeritalia, Thompson 
CSF, Spacehab and others! 

Return this lorm to: Registration Dept. 
SPACE: Technology Commerce & 
Communication. 
c/o T.F. Associates 

NT1I7/87 
I 
I 
I 

79 Milk St. , Suite 1108 
Boston, MA 02109 USA 
Tel. (617) 292·6480 TWX: 951417 ReI. TFAS 

o Yes, preregister me at the discount rate 
of $395.00 (government rate $345.00) 
for SPACE and send me more detailed 
conference information and hotel data 
with my confirmation. 

o My company may wish to exhibit. 
Please send exhibit information. 

o I wish to submit a paper and am 
including a 1-page outline. 

Name ________________________ _ 

T~ __________________ ___ 

Com~y --------__________ __ 

Address 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

City 

I 
I 
I 

State __ ~ --- I 

Country __ Tel. TWX __ I L ___________________ ~ 
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HEATING EQUIPMENT 
Heaters lor combustible· 
gas tanks 
page 74 MF5-29155 

HELICOPTER CONTROL 
Portable-beacon landing 
system 10< helicopters 
page 39 ARC'11674 
HELICOPTER 
PERFORMANCE 
Comparing test data on 
scale·model helicopter 
rotors 
page 76 ARC-11722 
HERMETIC SEALS 
Glass·to·metal seal 
against liquid helium 
page 43 NPO·16308 
HIGH TEMPERATURE 
LUBRICANTS 
Carbide/fluoride/silver 
self.lubricatlng 
composite 
page 53 LEW·14196 

HYBRID PROPELLANT 
ROCKET ENGINES 
Coal·llred rocket engine 
page 84 NPO·16902 

HYDROGEN 
EM BRITTLEMENT 
Effects of hydrogen on 
experimental ailoys 
page 60 MFS·27060 

11111 
IMAGE ENHANCEMENT 
FORTRAN algorithm for 
Image processing 
page 63 LEW·1 4291 

IMAGE PROCESSING 
FORTRAN algorithm for 
image processing 
page 63 LEW·14291 

INDUSTRIAL SAFETY 
Cotton·fber·fII led rubber 
insulation 
page 51 NPO·1 6868 

INERTIAL NAVIGATION 
Six-axis superconductlng 
accelerometer 
page 72 MF5-26040 

INSTITUTIONS 
The diffusion of 
innovation 
page 93 MFS·26010 

INTEGRATED CIRCUITS 
Hot-gas nozzle lor 
desolderlng lead less IC's 
page 90 NPO·16897 

INTERFEROMETERS 
Overview of flber-optlcal 
sensors 
page 45 N po. 16817 

IONIZING RADIATION 
More on effects of 
radiation on electronics 
page 35 NPO·17019 

IRON ALLOYS 
Directional SOl idification 
of nodular cast Iron 
page 46 MFS·28015 

JJJJJ 
JET ENGINES 
Extinguishing fuel·leak 
fires in jet engines 
page 59 ARC·l t553 

JOINTS (JUNCTIONS) 
Minimum loint gap for 
robotic welder 
page 92 MFS·27144 

KKKKK 
KALMAN FILTERS 
RecurSive robot -arm 
dynamics via filtering 
and smoothing 
page 85 NPO·17040 

LLLLL 
LASERS 
ApprOXimate ana lYSIS of 
semiconductor laser 
arrays 
page 44 NPO·16813 

LEARNING 
The diffUSion of 
Innovation 
page 93 MFS·26010 

LINE SHAPE 
Apodlzat lon control of 
line shape In 
spectrometer 
page 45 NPO·1 6389 

LINEAR EQUATIONS 
Panlhoned matrices for 
combined hnear systems 
oage 93 ARC·11727 

LINKAGES 
FleXible coupling with 
centering deVice 
page 84 GSC·12976 

LUBRICANTS 
Carbldelfluorlde/sllver 
selt -lubrlcating 
com~oslle 
page 53 LEW·14196 

MMMMM 
MAGNETIC MATERIALS 
Producing low-oxygen 
samarium/cobalt magnet 
alloy 
page 60 MFS·27011 

MAGNETIC SWITCHING 
Attaching copper wires 
to magnetic-reed-switch 
leads 
page 24 MSC·20675 

MATERIALS HANDLING 
lightweight monorail 
transport system 
page 85 MSC·21 t19 

MATRICES 
(MATHEMATICS) 
Part itioned matrices for 
combined linear systems 
page 93 ARC·11727 

MELT SPINNING 
Rapld·solldiflcatlon 
processing facility 
page 54 LEW·14510 

MELTING 
Fast melting and 
freezing for microgravity 
experiments 
page 88 MFS·27181 

METAL STRIPS 
Rapld·solldiflcat ion 
processing facility 
page 54 LEW·14510 

MICROELECTRONICS 
Measuring conductor 
widths and spacings 
electrically 
page 22 NPO·16021 

MICROWAVE 
OSCILLATORS 
Electronically tuned 
microwave oscillator 
page 28 NPO·16836 
MICROWAVE 
RESONANCE 
Highly stable microwave 
resonator 
page 25 NPO·16663 

MONITORS 
Optical monitor for 
rotating weld ing turret 
page 88 MFS·29177 

MONOSTABLE 
MUL TIVIBRATORS 
FM·to-dlgltal converter 
page 32 ARC·11172 

MULTIVIBRATORS 
FM·to-dlgltal converter 
page 32 ARC·11172 

NNNNN 
NICKEL ALLOYS 
Effects of hydrogen on 
experimental alloys 
page 60 MFS·27060 

NONDESTRUCTIVE 
TESTS 
Measuring the 
interlaminar shear 
strengths of composites 
page 71 LEW·14417 

00000 
OPTICAL EQUIPMENT 
Optical monitor for 
rotating welding turret 
page 88 MFS·29177 

OPTIMIZATION 
Expert system for 
automated design 
synthesis 
page 64 LAR·13687 

ORBITAL SPACE 
STATIONS 
Dynamical 
considerations for 
tethered orbital refueling 
facility 
page 76 MSC·21076 

Propellant tanks for 
tethered orbital refueling 
facility 
page 75 MSC-21074 

OSCILLATORS 
Electronically tuned 
microwave oscillator 
page 28 NPO·1 6836 

ppppp RESIN MATRIX 
COMPOSITES 
Dielectric monitoring of 

PARABOLOID MIRRORS curing composites 
Program lor paraboloidal page 59 MFS·27082 
solar concentrators 

RESISTANCE HEATING page 62 NPO-16870 Heaters for combustible-
PASSIVITY gas tanks 
ZnSe films in GaAs solar page 74 MF5-29155 
cells 

RESISTORS page 34 NPO·16900 Electronically controlled 
PHOTOLITHOGRAPHY resistor bank 
Measuring conductor page 30 MFS·29149 
widths and spacings 

ROBOTICS electrically 
Minimum joint gap lor page 22 NPO·16021 robotic welder 

PIPES (TUBES) page 92 MFS·27144 
Making double·bevel end 

Recursive robot-arm cuts on tubes 
dynamics via filtering page 87 MSC·21135 
and smooth I ng 

PlASMA ARC WelDING page 85 NPO·17040 
Altematlng-polarl ty arc 

ROBOTS welding 
page 89 MFS·27147 Robot·arm dynamic 

PLASTIC TAPES 
control by computer 
page 38 NPO·16742 

Applying tape in vacuum 
or air ROCKET ENGINES 

page 91 MFS·28187 Coal·fired rocket engine 
page 84 NPO·16902 

PLASTICS 
Polylmldes from BTDA. ROCKET FLIGHT 

m·PDA. and HDA Simulation of airplane 

page 56 LAR·13635 and rocket trajectones 
page 62 MSC·20933 

POLYIMIDES ROLLER BEARINGS 
Acetylene-terminated Measuring bearlng-cage 
polyimide siloxanes rotation 
page 52 LAR·13318 page 73 MFS·29182 
Po lYlmloes containing ROTARY WINGS 
carbonyl and ether Comparing test data on 
connecting groups scale-model helicopter 
page 54 LAR·13633 rotors 
PolYlmldes Irom BTDA. page 76 ARC·11722 
m·PDA. and HDA ROTORS 
page 56 LAR·13635 Shalt coupler with 
POTENTIOMETERS friction and spline 
(RESISTORS) clutches 
Electronically controlled page 83 ARC·11627 
resistor bank 
page 30 MFS·291 49 

POWDER METALLURGY SSSSS 
Aluminum alloys for high 
temperatures SAFETY DEVICES 
page 58 LAR·13632 Prehensile foot restraint 
PRESSURE page 94 MSC·21071 
MEASUREMENT SAPPHIRE 
Reduction of orifice- Hlgl"\ly stable microwave 
induced pressure errors resonator 
page 74 LAR·13569 page 25 NPO·16663 
PRINTED CIRCUITS SCALE MODelS 
Measuring conductor Comparing test data on 
widths and spacings scale-model helicopter 
electrically rotors 
page 22 NPO·16C21 page 76 ARC·11722 

PROJECT MANAGEMENT SCENE ANALYSIS 
Simulation of research FORTRAN algOrithm for 
and development Image processing 
prolects page 63 LEW·14291 
page 64 NPO·16937 SEALS (STOPPERS) 
PROTOCOL Glass-to-metal seal 
(COMPUTERS) agaInst liqUid helium 
Data bus adapts to page 43 NPO·16308 
changing traffic level SEMICONDUCTOR 
page36 GSC·12967 LASERS 

ApprOXimate analysis of 
semiconductor laser 

RRRRR arrays 
page 44 NPO·1 6813 

RADAR BEACONS SHAFTS (MACHINE 
Portable·beacon landing ELEMENTS) 
system for helicopters Fle.ible coupl ing with 
page 39 ARC·11674 centenng device 

RADIATION EFFECTS page 84 GSC·12976 

More on effects of SHROUDS 
radiation on electronics Large deployable shroud 
page 35 NPQ.17019 page 46 MFS·28173 

RAIL TRANSPORTATION SILANES 
lightweight monorail Recycling silane 
transport system page 59 NPO·16625 
page 85 MSC·21119 SILICON 
RECYCLING Recycling silane 
Recycling silane page 59 NPO·16625 
page 59 NPO· t6625 SILOXANES 
REFUeliNG Acetylene-terminated 
Dynamical polyimide siloxanes 
considerations for page 52 LAR·13318 
tethered orbital refueling SOLAR CelLS 
lacllity ZnSe films in GaAs solar 
page 76 MSC·21076 cells 
Propellant tanks for page 34 NPO·t6900 
tethered orbital refueling SOLAR COLLECTORS 
facility Program lor paraboloidal 
page 75 MSC·21074 solar concentrators 
REMOTE SENSORS page 62 NPO·16870 
Overview of flber-opt ical SOLDERED JOINTS 
sensors Hot-gas nozzle for 
page 45 NPO·16817 de soldering leadless ICs 

RESEARCH AND page 90 NPO·1 6897 

DEVELOPMENT SOLDERING 
Simulation of research Attaching copper wires 
and development to magnetic·reed·swltch 
projects leads 
page 84 N po. 16937 page 24 MSC·20675 
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SOLENOIDS 
Switching clrcuil 
regulates solenoid 
current 
page 29 MF5-19904 

SOLID LUBRICANTS 
Carbide/fluoride/silver 
selHubricating 
composite 
page!>3 LEW·14196 

SOUDIFICATION 
Rapld·solldlllcation 
processing facility 
page 54 LEW·14510 

SPACE STATIONS 
lIghtwelghl monorail 
transport syslem 
page 85 MSC-21119 

SPACECRAFT 
MANEUVERS 
Compuler programs lor 
spacecraft maneuvers 
page 75 NPO·I6332 

SPLINES 
Shaft coupler wilh 
friction and spline 
clutches 
page 83 

SPOILERS 

ARC-11627 

Vlbratlon·free vanes 
direct cryogenic flow 
page 73 MFS·291BO 

SPOT WELDS 
Attaching copper wires 
to magnetlc-reed·swltch 
leads 
page 24 MSC·20675 

STATIC PRESSURE 
Reduction of orifice· 
Induced pressure errors 
page 74 LAR·13569 

STELLAR SPECTRA 
Apodization control 01 
line shape In 
spectrometer 
page 45 NPO·I6389 

STRUCTURAL DESIGN 
Integrated analysis 
capability program 
page 62 GSC·12992 

TENSILE TESTS 
Elfects 01 hydrogen on 
experimental alloys 
page 60 MFS·27060 

THERMAL CONTROL 
COATINGS 
Thermal·barner coatings 
contaInIng ytterbla 
page 52 LEW·l 'Q57 

THERMAL INSULATION 
Advanced thermaJ·barrier 
bond coatings lor alloys 
page 56 LEW·14',5 

Cotton·fber·lilled rubber 
Insulation 
page 51 NPO·I6668 

THERMOPLASTIC 
RESINS 
Polylmldes from BTOA. 
m·POA. and HOA 
page 56 LAR·13635 

TOOLS 
Shaping component 
leads for small-scale 
production 
page 89 

TORQUE 

NPO·16863 

Compulerlzed lorque 
control lor large dc 
motors 
page 30 MFS·28169 

TORSIONAL VIBRATION 
Hlgh.lemperalure 
vibration damper 
page 81 ARC·l1804 

TURBOSHAFTS 
Fiber-optic lateral· 
displacement sensor 
page 72 MF5-29170 

uuuuu 
ULTRASONIC FLAW 
DETECTION 
Measuring Ihe 
lnterlamlnar shear 
strengths 01 composites 
page 71 LEW·I4417 

Hot weather ... When you shut your engine down on a hot 
summer day. particularly after a Turnpike run, it's often hard to 
start. Hot parts expand and pinch together. TU FOI L's super low 
friction helps you get going easier. Cold weather puts a big strain 
on your battery and starting motor. Recent Canadian govern­
ment and independent tests in Michigan verify improvements 
when TUFOIL is used. Cranking speed for gas engines improved 
6.1 % ... diesels 9.6% ... and a 5% fuel savings too. Six U.S. 
patents so far! Make winter and summer driving and starting 
easier. 

Use TUFOIL ... your engines will run belter. last longerl 
TUFOIL Ill< Engines" 
TUFOIL LuM'SN 

TUFOIL Gun'Coat" 
TUFOIL Compo· lube" 
TUFOIL Llghlnlng Grease" 

But that's only part of the story! Recent tests 
by a major Federal Government Lab show a 
surface friction of .029 for their steel on steel 
4'ball test using TUFOIL (teflon on teflon is 
.04) . Confirmation is coming in from all over 
the world. OEMs specify TUFOIL products 
for astonishing improvements in perform­
ance in all types of machines. 

TUFOIL is the "transistorof/ubrication"TM. 
no other lubricant even comes close. 

1-800-922-0075 
TUFOIL is a TM 01 Fluoramics. Inc. 
TEFLON Is a TM of duPont F Fluoramics, Inc. 
"1987 Fluoramico. Inc. 103 Pleasant Avenue 

Upper Saddle River. N.J. 07458 
SWITCHING CIRCUITS 
Switching circuit 
regulates solenoid 
current 

For additionallechnical information, see NASA Tech Briefs from Nov./Oec. 1986 10 dale. 

page 29 M FS·I9904 
SYSTEMS ANALYSIS 
Integrated analysis 
capability program 
page 62 GSC·I2992 

11111 
TAPES 
Applying tape In vacuum 
or ail 
page 91 MFS·26187 

TECHNOLOGY 
TRANSFER 
The diffusion 01 
innova1lon 
page 93 MFS·26010 

VANES 
Vibratlon·free vanes 
direct cryogenic lIow 
page 73 MFS·29180 

VIBRATION ISOLATORS 
Hlgh·lemperalure 
vibration damper 
page 81 ARC·l1604 

wwwww 
WELDING 
Alternating·polarlty arc 
welding 
page 89 MFS·27147 
Optical monitor for 
rotallng welding turret 
page B8 MF5-29177 

Classllieds 

WELDING MACHINES 
Minimum joint gap lor 
robotic welder 
page 92 MFS·27144 

WIND TUNNEL TESTS 
Reduction 01 orillce· 
Induced pressure errors 
page 74 LAR·13569 

zzzzz 
ZINC SELENIDES 
ZnSe fil ms in GaAs solar 
cells 
page 34 NPO·18900 

Classified advertising rat .. and specifications are as follows: Set 
in 6 point light type face, with up to five words at beginning of copy 
In bold caps. Count box numbers as six words. 

50 words or less . . ... .. ......................... $ 180 
100 words. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. $ 250 

Check or money order must accompany order to: Classified 
Advert ising Manager, NASA Tech Briefs, Suite 921,41 East 42nd 
Street, New York, NY 10017·5391. 

FOR SALE 
VACUUM PLASMA SPRAY EQUIPMENT 

MANUFACTURER: ELECTRO PLASMA, tNC., Irvine, Callfornla­
Main Chamber Model #11()"()10 With 52" Door, Two Transfer 
Chambers, 4" Sting With Variable Speed Control 6· Sting With 3 
Axis Mobility, 4 Axis Gun Mobility, Allen Bradley 7320 Computeriz· 
ed Motion Controller, Pumping System: One Stokes 612 And One 
Stokes 412, Pulse Transfer Arc (Syncrowave 300), Remote Video, 
Dual Model60A Powder Feeders, Various Spare Parts (Motors, En· 
coders, Motor Drives, Bellows, Etc.). Equipment Has Successful· 
Iy Applied CoNiCrA 1Y and Hastelloy X Metal Powders To Aircraft 
Quality Standards On Major Rotating Parts. 

CAll: KEN OTTO or GUNNAR HICKS 
203-646-07001305-622·2200 

KLOCK COMPANY 
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MARTIN MARIETTA DEN V E R AEROSPACE 

T itan IV, scheduled for launch in late 1988, will be the nation's largest operational expendable launch vehicle. 

The Evolution of a Good Idea. 
The best ideas are enduring 

ideas. Case in point: Titan. The 
legendary space-launch work­
horse developed by Martin 
Marietta Denver Aerospace in 
the 1950's as a powerful ICBM. 
Later, a versatile, ultra-reliable 
space booster conversion. 

Today, Titan IV is the 
nation's largest expendable space 
vehicle, capable of placing 
10,OOO-pound payloads into geo­
synchronous orbit. 

Was the technology of three 
decades past truly that good? Or 
did each phase of Titan reflect 
new, far-reaching accomplish­
ments? Both. Thanks to one of 
the finest space and defense 
systems engineering teams in 
the world. 

We're looking for more engi­
neers with good ideas. Ideas that 

advance technology. Ideas that 
endure. Ideas that keep Martin 
Marietta Denver Aerospace at 
the cutting edge of space and 
defense systems engineering. 
Antenna System Engineering 
Antenna Design Engineering 

Several opportunities exist 
in conceptual design, analyses 
and laboratory development of 
advanced microwave antennas 
or similar work in electromag­
netics. Requires a B.S. degree in 
physics or electronic engineering 
and 5 to 15 years of experience. 
Communication Systems 
Engineering 

Explore exceptional oppor­
tunities in spacecraft and missile 
communication systems design 
and analysis. Requires a B.S. 

degree in physics or electronic 
engin~ering and 5 to 15 years of 
expenence. 
Microwave and Millimeter 
Wave Systems Engineering 

We have multiple opportuni­
ties in conceptual design and 
analysis of advanced microwave 
and millimeter wave systems. 
Requires a B.S. degree in physics 
or electronic engineering and 5 to 
15 years of experience. 
AN EIVSBIBACIGROUND 
IIIVESnGAnON MAY BE REQUIRED. 

Please send your resume to 
Martin Marietta Denver Aero­
space, Personnel Department, 
P.O. Box 179, GI311, P70092, 
Denver, Colorado 80201. No agen­
cies, please. We're an affirmative 
action employer actively seeking 
veterans and the handicapped. 

MASTERMINDING TOMORROW'S TECHNOLOGIES 

IfIJARTIN IfIJARIETTA 
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Through the technology 
transfer process, many of 
the systems, methods and 
products pioneered by 
NASA are reapplied In the 
private sector, obviating 
duplicate research and 
making a broad range of 
new products and services 
available to the public. 

l:COmDlisllell 
I n the United States today thou­

sands of young children have eye 
defects which, if not detected and 

treated in the early stages, could result 
in permanent blindness. Until recent­
ly, however, there was no nationwide 
ocular screening program for the 
young, due to the lack of a fast, reli­
able, and economical method. But 
now a NASA-patented screening 
system called Visiscreen-100 provides 
the means for wide scale detection of 
vision problems. 

Visiscreen was jointly developed by 
NASA's Marshall Space Flight Center 
and Dr. Howard Kerr, President of Med­
ical Sciences Corporation (MSC), ex­
clusive manufacturer of the system. 
The portable 2.4 meter apparatus con­
tains at one end a hood to hold the sub­
ject's head, and at the other a photore­
fractor consisting of a 35-mm camera 
and electronic flash unit. The flash 
causes light to reflect from the sub­
ject's retina back to the camera lens. 
The photorefractor then produces a 
color photograph of the subject's 
eyes, which MSC technicians analyze 
using a set of computerized algorithms. 
Each eye is examined for refractive er­
ror and obstruction in the cornea or 
lens, while alignment defects are de­
tected by photographing both eyes si­
multaneously. 1f problems are disco­
vered, they are verified by ophthal­
mological follow-up_ 

"The tremendous advantage of this 
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system is that it requires minimal co­
operation from the child, " said John 
Richardson, New Technology Direc­
torat Marshall. "Communication isn't 
necessary, which makes Vlsiscreen 
especially useful for infants and other 
non-communicative children ." 

Above: Amblyopl. {commonly c.lled "lazy 
eye'? tim detected with the Vls/screen· 
100 _)'Rem. Below: The ume child .fter 
co"ectlve lenses were prescribed. 

Added Dr. Kerr, " Pediatric ophthal­
mologists have told us how they 
sometimes spend two hours chasing 
a child around the office with a retino­
scope, trying to get some coopera­
tion. With the photorefractor we can 
screen 100 children in one hour with-

out any fuss. And we do it at a very 
reasonable cost. " (MSC currently 
charges $11.00 per screening.) 

Visiscreen offers greater sensitivi­
ty than the traditional eye chart . In a 
test of 1,657 Alabama children , only 
111 failed the chart test , but the Visi­
screen system found 507 abnormalities 
that were later verified by ophthal­
mologists. Another test of more than 
700 kindergarten and f irst grade stu­
dents proved Visiscreen 95% accu­
rate in detecting refract ive error. Over­
all , the invention has been used 'on 
more than 20,000 children in 23 states. 

MSC provides screening at 1,025 
Kinder-Care Learing Centers in the 
United States and Canada. The com­
pany has also established programs 
with the Illinois Department of Health 
and the CIGNA Healthplan of Georgia. 
According to Dr. Kerr, within five 
years MSC will have regional offices 
in 29 states covering an area contain· 
ing 90% of the U.S. populat ion. 

Although Visiscreen looks to be a 
commercial success, its value 
transcends mere dollars and cents. 
" What 's really important," said Dr. 
Kerr, " is that we've found a very 
significant number of ch ildren to be 
candidates for defects like amblyopia 
(progressive dimness of vision) and 
caught them in t ime to be treated. We 
get a lot of nice letters from grateful 
parents. That makes it all worth· 
while. " 0 
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II. ANALYSIS: 
TEK MAKES THE 

IMPOSSIBLE LOOK EASY. 

Software Performance Analysis, like this distribution ~ a 
subroutine~ execution times, helps you easily undersIand 
the activity 01 your code. 

In every dimension- speed, 
channel width, memory 
depth, trigger capability, 
modularity and ease of 
use-the DAS9200 dwarfs 
what's been possible before. 

The DAS9200 features a 
tightly coupled, high-speed 
archITecture in which mu~iple 
card modules can act as a sin­
gle unit. Large color-coded 
displays, pop-up menus, 
performance analysis graphs, 
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at full Speed. 
4-IewI state~lnnn 
and high-speed crunterltimers '--.,.( .. _ . 
You can rronitor and verify all 
timing rreasurements in 
a circuit. 

2 Symbolic, real-time soft­
ware debugging. Register 

deduction and stack simulation 
let ~ pinpoint problems like 
stack <Nerf ION or incorrectly 
restored pointers-without 
breakpoints or manual notation. 

3 SlmuItaneou8 h*9811oft 
of up to six micr0-

processors. Use the dual 
timebases and real-time hand­
shaking between system m0d­
ules to set up split-screens 
displays that scroll In precise 
time alignment 

4160 channels of acquisi­
tion at 2 GHz. Use up to 

500 ps sample interval and 
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THEX-30 IS KID STUFF. 
For your kids, and ours, it's the stuff that dreams are made of. It is 
they who will reap full benefit of the X-3D National Aerospace 
Plane, forerunner of the Orient Express. 

They who will profit most from the advances in technologies 
required for the X-3D. In materials, propulsion, computational fluid 
dynamics, avionics - in virtually every area of scientific endeavor. 

I t is our children who will move from Earth to space and back 
at far less cost than we do today. And one day fly from Los Angeles 
to Thkyo in two hours. . ~-

And it is they who will have-or not ~~ 
have-world leadership in aerospace as a result ---"';;;:IV 

of America's decisions today. If we don't do it, who will? 
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