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NOW THAT 10GB FITS
ON AN SMM TAPE, WHA'I'ARE
YOoU WAI'I'ING FOR?

You don't need to waithoursto  frye “Plug-And-Play” Compatibility With: Ourdata compression option allows
change tapes. e DCSon | Byt TOUOWIEUDT 10 GB pertape at up
You don't need to wait months for aphsMico  DE Vi AS/4 to 60 MB per minute. Completely
other storage technologies to catch up. L 4 , unattended.

One 8mm tape drive will already , Sequent Of course, the data compression
deliver more than they promise. S 8 feature is switch-selectable, so you can

It’s the digital CY-8200, now with pa IBM R P nix wang turnoff data compression to read and
optional data compression. Andyou =~ @dmoe.  write standard 8mm tapes.
canget it exclusively from Contemporary Cybernetics Group. Plus it’s a simple upgrade for the best tape drive built:

With data compression, the CY-8200 can quadruple our CY-8200. Offering a complete range of standard
the amount of data you can load on an 8mm cassette that interfaces, a 2-line, 40-column
fits neatly in your shirt pocket. Meaning the already display option, and optional
tremendous savings inman hours, media costs, storage and security card encryption. And

shipping are multi- assuring you of full support and

plied by four. a 12-month warranty from the leader in advanced 8mm
Untilnow,the  helical scan technology.

best8mmdriveon The CY-8200 with data compression will remain the

themarketstored  best value in data storage for a long time to come. So

an impressive now you've got many good reasons for calling us today

25GBpertapeat at(804)873-0900 C O N T E M P O R AR Y

speedsuptolSMB  andnogood reason CYBERNETICS
per minute. for waiting.
/70U

Rock Landing Corporate Center - 11846 Rock Landing - Newport News, Virginia 23606 - Phone (804) 873-0900 - FAX (804) 873-8836
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Fortunately, the quality of hard copy has
improved somewhat over the yearg. "
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The Lasertechnics DIR Gray Scale Printer represents a new generation of laser printers that go
beyond the reproduction of text and simple graphics to produce images that rival a conventional
photograph. In fact, the Lasertechnics continuous tone printer provides the highest image
quality, film or paper copy on the market today. Up to 2048 pixels per line with 256 levels of gray
per pixel. Applications cover all forms of electronic image processing. Digital interfaces are
available for most major computers. Finally, an output system that matches your input in less than

90 seconds for as little as 30 cents a page. Now that may be news you'll want to etch in stone!

The DIR Gray Scale Printer & | 4L Lasertechnics

. . 5500 Wilshire Avenue NE
Circle Reader Action No. 600 o Albuquerqu 87113




Could Save You $25,000.

HTBasic from TransEra will turn your PC into a scientific Features such as data acquisition and IEEE- 488/RS-232
workstation at a fraction of the cost. A real alterna- instrument control syntax, COMPLEX arithmetic,

matrix mathematics, complete HP-style graphics,
a comprehensive on-line help facility, and many

more, add up to increased productivity for all
levels of users.

tive to a high-priced dedicated workstation, a PC
with HT Basic gives you the capabilities you
need for complex scientific/engineering
applications, while retaining compat-

ibility to run and share data with

standard PC software.

The right choice for your next

engineering workstation is a PC
with HTBasic. Call or write us
today for more information.

The savings don’t end with the
workstation itself. With an HTBasic
system, you can use industry-standard
printers, graphic output devices, and networking
systems. You get the flexibility you need to lay out
the system you want without being tied to limited

offerings from one supplier. mm

N =
HTBasic is a state-of-the-art language which gives you Engineering Excellence for 15 Years

a number of advanced scientific/engineering features 3707 N. Canyon Road Provo, UT 84604

not found in other BASIC packages. (801) 224-6550 Fax (801) 224-0355
Circle Reader Action No. 473



Introducinﬁ_ﬁf‘ world's first 28-channel VHS data
recorder. The TEAC XR-9000. Now the performance and
capacity of the larger open-reel decks are available with the
convenience, economy and ease of operation of VHS cas-
settes. All within a lightweight, minimum foot print unit.

The XR-9000 offers TEAC's exclusive menu-driven on-
screen display plus numerous auto-functions to provide a sim-

ple step-by-step setup procedure. You can use your computer
to remotely control the XR-9000. And recorded data from the
XR-9000 can be fed directly into a computer.

It's been over a decade since TEAC introduced T E AC only place you'll find it.

Information Products Division.

©1990. TEAC AMERICA, INC. 7733 TELEGRAPH RD., MONTEBELLO, CA 90640 WEST (213) 726-0303 EAST (508) 683-8322

NOW TEACS XR SERIES IS
78-CHANNELS WIDE

w oW,

the world’s first VHS cassette data recorder. Since then, we've
helped develop every major improvement in VHS data recording
technology. Today we're building VHS data recorders from 7- to
28-channels with models available in Wide Band Groups Iand II,
plus interchangeable FM, Super FM DR, and PCM modules.
And in an industry with little tolerance for error, TEAC's
enviable record of performance and reliability is unsurpassed.
So, if you're looking for greater capacity, with the most
variety of options and models, at the most efficient cost-per-
channel, TEAC XR series data recorders is the

Circle Reader Action No. 344



The IBM RISC System/

The power youve beeri seeking

Its a never-ending quest for power seekers.
You're always looking for ways to run your favor-
ite applications faster. Well, search no more. The

RISC System/6000 family of POW ERstations
and POWERservers gives you power that soars

as high as 23 MFLOPS.

_ MFLOPS | MIPS | SPECmark™
POWERstation 320 8.5 295 246
DECstation 5000-200 37 242 18.5

When it comes to porting, your Shlp
has come in. Of course, all the speed in the
world wouldn’t mean much without the applica-

tions you need. So the RISC System/6000 family

MFLOPS are the results of msdmﬂemalFOﬂTRANumxesnwﬂOOmmmm
1 MIPS (Vax 11/780). SPECmark is a geometric mean All performance data are based on
IBM is a registered RISC System/6000 and CAEDS are trademarks of

International
INC.CATIA Is a

% o

already has more than 2,500 of the most popular
technical and commercial applications up, run-
ning and running fast. And if you think you
know a good thing when you see it, so do soft-
ware vendors. That’s why you'll also be seeing
more and more applications coming on board
the RISC System/6000 platform all the time.
And if you like to build your own solutions,
there’ a full arsenal of enablers and relational
data bases from leading vendors, as well as
CASE tools and a host of popular programming
languages.

A smorgasbord of solutions. Applications
alreads announced include the IBM engineering

demgn packages CADAM? CAEDS? CBDS?

Version 11 test results are used to compute RISC System/6000 integer MIPS value where 1,757 Dhrystones/second is
published benchmark information.

Business Machines Cor

of
CBOSisa of Beli Northern R&seawh Corporation. DECstat-on isa tmdemam d 6-9@1

trademark, and
Mmdwxsmw Inc. CADAM is a
Equipment Corporation.

of CADAM of Dassauit
HAGAR THE HORRIBLE Characterts) © 1990 King Features Syndicate, Inc. JBMCUpiQQ\aIngIsrwerved



6000 family;

for all your applications.

CATIA"™ and AES. Also available are a broad
spectrum of solutions from vendors like Valid
Logic, MacNeal Schwendler, Swanson Analysis,
SAS Institute, SPSS, Wavefront, Alias, Polygen,
Cadence, Fluid Dynamics International, Western
Atlas, ECL Petro and creare.X. Scientific and
technical applications are available in areas like
physics, structural analysis, chemistry, securities
trading, mathematics, earth resources, opera-
tions research, visualization, graphics, technical
publishing and more. Theres also accounting
software like FourGen and support for leading
UNIX*based office automation packages. And
there are key industry applications for businesses
in medical groups, retail stores, newspapers,
pharmacies and many more.

For the Power Seeker. (¢

K
mawz

Command enormous processing clout.
The RISC System/6000 family is built to boost
the performance of the software power s seekers
use most. Its got the best floating point processor
in the business for numerically intensive
applications, plus a new superscalar processor
and incredible 3D
graphics capabilities.
To find out more, call
your IBM marketing
representative or IBM
Business Partner. For
literature, call
1 800 IBM-6676,
ext. 990. >
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Photo courtesy Lewis Research Center

s P Ec I A L F E AT U R E s Lewis Research Center tested this Mach 5 aircraft engine inlet

model in its 10" x 10’ supersonic wind tunnel to validate computa-
tional codes developed to analyze the inlet’s performance. The

i H model may provide the design basis for inlets used on the next
NASA LerS SOth Anmve rsary generation of supersonic transport aircraft. For more on the
e | RN |G RS 12 Lewis Center’s propulsion research, turn to page 12.
Mission Accomplished .................. 82
DEPARTMENTS
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loying I tro-
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simultaneously measure
air temperature and
!‘ New Product Ideas ............. 16 dernsiry.A prime applica- r:tew t -
. tion is to track fluctua- iterature.......
@ NASA TU Se rVICGS ............. 1 8 !ior!s in f.urbulenfgir flows e u e
Electronic Components prapatbopclicigantir ) Advertisers
Q and Circuits..........ovoooooo. D0 Fromcumey e s . 81
AP El :
wy Electronic Systems............. 28
@©) Physical Sciences............... 34
Materials .........ccccceeeeeeeennnnee. 44
Computer Programs ........... 49
Mechanies .oi-..c..c..cianinrinnins 51

Machinery ........cccceeevunnnne. 58
Fabrication Technology ....... 60

Mathematics and

MIUE- DR L

W lnfOl'm at'on SCIenCGS .......... 70 Photo courtesy Langley Research Center
i i A laser-based system designed to illuminate flows in the
- Llfe SC'e NCES ..vviiinn, 74 Langley Center’s Basic Aerodynamics Research Tunnel
@ S u b] ect In d e 78 may be reapplied in the art and construction industries.
See page 30.
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To show you = GOULD
what our new Electroniak

DataGraf recorder
can do,

No matter how advanced your recorder is, it still has to

meet your most basic recording needs. That's why our new
DataGraf offers everything you'd expect from a computer-
based recorder—plus unique hard copy output flexibility.

How advanced is DataGraf? It offers 16-channel recording
capability, all in a rugged, portable package weighing less
than forty pounds. With DataGraf, you can store events on
disk and replay them as often as you like. You can also expand
or compress traces, overlay signals, and even label key points.

What's more, using advanced waveform analysis software,
DataGraf automatically analyzes your data, virtually eliminating
the need for manual interpolation and long-hand math.
Whether you're interested in the entire signal or just a specific
section, the touch of a button will calculate
Max/Min, Standard Deviation,
dY/dX, RMS, and much more.

And when it comes to seeing
your results on paper, DataGraf &
can output your traces to hun-
dreds of printers, plotters and tradi-
tional oscillographic recorders.

It's exactly the kind of solution you'd expect
from Gould, a company with over fifty years of
recorder development experience. By applying new
technology to the real needs of today's engineers, we've
developed a unit that offers real advantages. Advantages
that go beyond advanced features. Advantages you can
put on paper.

Send for a free DataGraf demo disk. Use the coupon below,
or fax your request to (216) 328-7400.

=

Firet e AL s

Yes! Id like to see what DataGraf can do. Send me
a free demo disk and product information package.

NAME: TITLE:
COMPANY
STREET:
CITY: STATE: ZIP:
PHONE:

Send to: Gould, Inc., Test and Measurement, 8333 Rockside Road,
Valley View. Ohio 44125. or call (216) 328-7000. Fax: (218) 328-7400







he road to the future passes through San Jose this
December as NASA, the Technology Utilization Foun-
dation, and NASA Tech Briefs magazine host Technol-
ogy 2001, the second national technology transfer con-
ference and exposition. In three information-packed days, ex-
perts from top government research laboratories will reveal the
latest innovations in five critical areas of technology: Computer
Technology and Software Engineering, Electronics, Advanced
Manufacturing, Materials Science, and Biotechnology and Life
Sciences. Over 120 presentations in all...focusing on potential
commercial applications of these new discoveries.

Between and after the symposia, visit the Technology 2001
Exhibit Hall, featuring over 50,000 square feet of hands-on
demonstrations by the federal laboratories, their contractors,
and other high-tech companies and universities with leading-
edge technologies available for license or sale.

Government research programs have created a $65 billion
technology storehouse that's available to you now for
use in developing new products and processes. Technol-
ogy 2001 will show you how to tap into this amazing
resource to improve your productivity and gain a vital
competitive edge, and will introduce you to the nation’s
premier researchers and technology transfer experts.
If you attend only one high-tech event this year, make
it Technology 2001!

Register Early And Save

Register by June 1, 1991 and save up to 33 percent. Mail the
form below with check payable to the Technology Utilization
Foundation, or fax the form with complete credit card informa-
tion to (212) 986-7864. You can register by phone by calling
(212) 490-3999 (VISA and Mastercard accepted). Government
organizations may register using a purchase order.

Postmarked by 6/1  After 6/1
Complete Registration Package $250 $300
Symposia/Exhibits Registration $150 $200
One-Day Exhibits Only Reg. $20 $30

Federal government employees are entitled to a 50% discount
on above prices.

Complete Registration Package includes entrance to the
symposia and exhibits for all three days, tickets to the opening
wine and cheese reception on Monday evening, Dec. 2 and to
the Excellence in Technology Transfer Awards Dinner on
Wednesday evening, Dec. 4, and a copy of the Technology
2001 Official Proceedings.

Symposia/Exhibits Registration includes access to the tech-
nical sessions and exhibits for all three days.

Tickets to the Awards Dinner may be purchased separately for
$150 each. The dinner, a celebration of successful technology
transfer to American industry, presents a unique opportunity to
meet government leaders and industry executives in an ele-
gant setting—the grand ballroom of the San Jose Fairmont
Hotel.

Registrants may pick up their badges (and dinner tickets) in the
registration area at the San Jose Convention Center, 150 West
San Carlos St; registration confirmations will be sent via mail.
All registrants automatically will be mailed the Technology
2001 Preliminary Program, to be published in June.

Special Rates At San Jose's Finest Hotels
The following special rates have been negotiated for Technol-
ogy 2001 attendees:

single  double
Fairmont Hotel $105 $105
(headquarter hotel)
(800) 527-4727
Hyatt San Jose $85 $105
(408) 993-1234
The Red Lion $80 $80
(408) 453-4000
Hotel De Anza $115 $130
(800) 843-3700

Each of these hotels offers a limited number of government-
rate rooms. Call for details.

For further information about Technology 2001, call Justina
Cardillo or Joseph Pramberger at (212) 490-3999.

Technology 2001 Registration Form

Use a separate form or photocopy for each registrant. Type or print clearly.
Name ‘
Title
Company
Address
City/St/Zip
Phone

O check enclosed

Account No.
Expiration: Mo. Yr.

charge my: Q VISA Q Mastercard

Signature

Registration Fees: By 6/1  After 6/1

Complete Registration $250 $300 § __
Symposia/Exhibits Reg. $150 $200 $ ____
One-Day Exhibits Only $20 $30 $_
(circle day: Tues. Wed. Thurs.)

Technology Transfer Awards Dinner—$150 $ L
Total: (Fed. govt. employees deduct 50%) .

Registrations and awards dinner reservations are transferable,
and may be cancelled until Nov. 8, 1991 subject to a $50 can-
cellation fee. After that date no cancellations will be accepted
and no money refunded.

Return with payment to: Technology Utilization Foundation, 41 East 42nd St., Suite 921, New York, NY 10017
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Generate contours, surfaces, and cross-
sections from random X, Y, Z points.

Analysis

oo

NEW push-button “mouse-menus”
allow easy access to frequently used
features.

Presentation graphics and analysis for scientific users.

Your technical data requires more muscle
and sophistication than basic business
graphics and plotting packages can
provide. It’s simply a matter of using the
right tool for the job. In addition to
publication-quality graphics, you need
powerful analysis tools and capabilities
such as Graftool’s ® Intelligent Data
Cursor™ to read out data points on curves
& surfaces ® Linear & non-linear curve-
fitting ® Unlimited zoom & rotation

= Multiple axes in linear, log, or proba-
bility scales ® Advanced data handling,
allowing over 268,000,000 data points

m Powerful scientific spreadsheet which
can directly read your Lotus or ASCII files

Rt‘r’”"!“d

Ziff L mmurnicd Hons
it ¢

Filter Response

Automate customized graph creation
with pre-recorded macro & batch files.

® Unrestricted placement of graphs & text
® Direct compatibility with Microsoft Word
& WordPerfect.

With Graftool, all this power and
flexibility purr quietly under the hood,
while pop-up menus and push-buttons
bring an ease of use previously unheard
of in scientific software. Just “point &
process” with increased productivity and
greater understanding.

GRAFTOOL — the right tool for your
technical solutions.

GRAFTOOL $495.

m Interactive demo available
® Academic discounts.

¢ ulfilling
h.lcs pacmge, { 9, Copyright :,,f“‘w

. jssion MOT% _
with pEm=. " and PC

_h 14th, 1989, 0
PC \:aatu’”“',"’aﬁ?}»f;yh 1991 ©Ziff Com
- ine. Marci, V5%

Easily create complex curves &
surfaces with the graphical Formula-
Solver™

Choose from 26 graph types for
business, technical, & scientific data.

Launch of the Space Shuttle Discovery

Integrate 2-D and 3-D data on a single
graph to add meaning and impact

crr, DB :
b 3-D VISIGNS

412 S. Pacific Coast Highway, Second Floor
Redondo Beach, CA 90277 .
Call: 1(800) 729-4723,1 (213) 540-8818
FAX: 1 (213) 540-3492
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LEWIS
RESEARCH
CENTER

1941-1991

A HALF-CENTURY OF
TECHNOLOGY LEADERSHIP

n January 23, 1941,

a group of dignitaries

gathered in a muddy

field adjacentto Cleve-

land Airport to break
ground for a new airplane en-
gine research laboratory.
George W. Lewis, director of
aeronautical research for the
National Advisory Committee
for Aeronautics, NASA's pre-
decessor, drove anickel-plated
pick into the soil, marking the
beginning of a major national
resource that would one day
bear his name.

Born amidst the urgency of
impending war, the Lewis Cen-
ter would evolve into a multifac-
eted, world-class research fa-
cility. By the end of World War
Il, Lewis was already deeply
involved in testing the turbojet
engine, a revolutionary form of
aircraft propulsion which setthe
stage for advancements in rock-
etry and space technology. Dur-
ing the 1960s, Lewis developed
the Centaur rocket, an upper-stage launch
vehicle fueled by liquid hydrogen. Lewis’ suc-
cess with this dangerous propellant led to
more than 100 Centaur flights and helped
make the lunar landings a reality. With the
energy crisis in the 1970s, the center ex-
panded its work to include studies of wind and
solar power, and new fuel-saving engine de-

12

Powering Freedom: Lewis
engineers make final checks
prior to plasma interaction
tests with space station Free-
dom solar array panels.

Photo courtesy Lewis Research Center

signs. In the 1980s, Lewis re-
ceived two prestigious awards
— the Collier Trophy and the
Emmy — for outstanding
achievementsin propulsion and
communications. Lewis’ Icing
Research Tunnel, the oldest
and largest facility of its kind in
the world, was declared an in-
ternational historic mechanical
engineering landmark in 1987.

Today, the Lewis Center
continues its leadershipin aero-
space research and develop-
ment. Lewis manages the de-
sign and development of space
station Freedom’s electrical
power system, as well as the
Advanced Communications
Technology Satellite (ACTS), a
joint NASA-industry project
which promises to revolution-
ize telecommunications. With
plans under way for numerous
manned and unmanned space
flights, Lewis researchers are
studying the effects of low grav-
ity on combustion, materials,
and fluids. Moreover, the center is working to
reduce the noise and emissions of future high-
speed civil aircraft, and is involved in many
fundamental research projects offering po-
tential commercial applications in the commu-
nications, computer, automotive, and biomedi-
cal fields. Some of Lewis’ current R&D efforts
include:

NASA Tech Briefs, May 1991




Arcjet Development. Lewis has
the lead role in developing the arcjet
thruster technology recently selected
for stationkeeping on AT&T's Telstar 4
communications satellites. Arcjets are
electrically-heated devices that produce
thrust by expanding a hot gas in a
nozzle to a high velocity. Low-power
arcjets have captured the interest of
satellite manufacturers because they
are up to two times more fuel-efficient
than present chemical engines and
resistojet technology. The savings real-
ized can be usedtoincrease asatellite’s
on-orbit lifetime or payload mass. Alter-
natively, launch mass canbe decreased
to allow use of a smaller rocket booster.

Computational Materials Process-
ing. A new laboratory at NASA Lewis
applies computational techniques to
materials science in order to improve
processes, understand complex inter-
actions, and produce more reliable
materials. The laboratory employs ad-
vanced graphics workstations and is
connected to supercomputers at Lewis
and elsewhere. Work focuses on modi-
fying programs developed for computa-
tional fluid dynamics or structural calcu-
lations to solve unique materials pro-
cessing problems. The facility special-
izes in predicting the effects of gravita-
tionally-driven convection on crystal
growth from the liquid and the vapor. In
one project, researchers modeled the
fluid flow effects during growth of gal-

NASA Tech Briefs, May 1991

Photo courtesy Lewis

Slated for launch in 1992, the Ad-
vanced Communications Technol-
ogy Satellite incorporates several
innovative technologies — includ-
ing a multiple-beam antenna sys-
tem and on board digital switching
— designed to make more effect-
ive use of available frequencies and
to provide the capability for high-
volume communications to small
Earth terminals.

lium arsenide semiconductors in space.

NASP Propulsion. Forthe National
Aero-Space Plane (NASP) program —
which seeks to build a hypersonic ve-
hicle capable of taking off and landing
horizontally like an airplane — Lewis
conducts research in propulsion, high-
temperature materials and structures,
computational fluid dynamics, and cryo-
genics. Lewis leads the effort to de-
velop “slush” hydrogen, a high-energy
hydrogen slurry that will fuel the experi-
mental vehicle. It is denser than liquid
hydrogen and may result in smaller,
lighter fuel tanks that could reduce
NASP's takeoff weight by up to 30 per-
cent. Lewis has modified a cryogenic
facility to manufacture the slush hydro-
gen in 800-gallon batches, allowing re-
searchers to explore production, trans-

fer, and storage questions.

Stirling Engine Research. Un-
der NASA's Civil Space Technology
Initiative, Lewis is developing free-pis-
ton Stirling engines as a candidate power
source for future space missions. This
external combustion engine offers high
reliability and long operating life be-
cause it has few moving parts,
noncontacting gas bearings, and can
be hermetically sealed. These attributes
also make it attractive for terrestrial
applications. Two industry teams are
designing Advanced Stirling Conver-
sion Systems for worldwide remote
power applications. When coupled with
a parabolic mirror to collect solar en-
ergy, the systems will deliver 25 kw of
electricity to a power grid.

Structural Mechanics Applica-
tions. Lewis scientists are working with
medical specialists from Case Western
Reserve University to improve the per-
formance of artificial knee joints. The
project involves modifying aerospace
computer codes for use in custom-de-
signing prosthetic joint implants. With
an optimally-designed fit, the patient's
weight and joint movements would be
evenly distributed on the supporting
bone, eliminating the current problems
of prosthesis loosening and bone dete-
rioration. In the future, the codes not
only will tell researchers what the opti-
mum shape for the implant would be,
but also which materials would be least
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likely to be rejected by the human
body.

Superconductivity Studies.
Over the past three years, the Lewis
Center has investigated the appli-
cation of new high-critical-tempera-
ture superconductors to electronic
circuits for communications sys-
tems. Using thin films of yttrium
barium copper oxide, Lewis re-
searchers produced the first circuits
able to operate at 33 to 37 GHz, a
frequency range more than three
times higher than attainable with  This 1945 photo shows the fuselage of a B-39 Formore information onthe Lewis
previous circuits. Higher frequen-  airplane mounted in Lewis’ Icing Research Center and its technology develop-
cies will allow satellites to process  Tynnel for the study of ice formation on rotating ment{ programs, contact Anthony
giata at much faster rates, increas- propellers. In 1987, the American Society of Ratajczak, Lewis Research Center
ing the number of communications Mechanical Enaineers desianated the tunnel Technology Utilization Office, Mail
linkups they can handle. ; ” gin : 9 Stop 7-3, 21000 Brookpark Road,

In partnership with Argonne Na- an international historic landmark. Cleveland, OH 44135.

tional Laboratory, Lewis is develop-
ing large-scale superconducting
systems for aerospace propulsion
and power applications, including
power transmission, superconduct-
ing magnetic energy storage, and
electromagnetic propulsion. To sup-
port these applications, research is
under way to determine and im-
prove the characteristics of super-
conducting materials in the space
environment. O

Photo courtesy Lewis
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Congratulations NASA Lewis

For 50 Years Of Scientific
And Technical Execellence

We salute you on the occasion of your 50th anniversary
and are proud to be part of your continuing leadership
in aircraft and spacecraft propulsion, space power,
and satellite communications technology. We look
forward to extending our partnership with you into the
next century, to ensure the nation achieves its future
aeronautics and space goals.
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Segmented Arm for
Positioning and Assembly
A proposed segmented robotic arm for

New Product Ideas

New Product Ideas are just
a few of the many innovations
described in this issue of
NASA Tech Briefs and having
promising commercial applica-
tions. Each is discussed further technical information by
on the referenced page in the

and-flywheel angular-momentum devices
in each arm segment. The arm would be
about 300 ft (90 m) long and could ma-
nipulate objects of up to about 1 million

positioning and assembly of components pounds (455 t).
of large structures would contain motor- (See page 58)

RADIOGRAPHY

Radiography is just one of the many applications possible
with Kevex X-RAY’s patented portable X-ray source, the PXS.

The PXS can create new market opportunities for your products. The
design eliminates the bulk associated with conventional X-ray systems
allowing your products to be portable, lightweight and compact.

Some new products to date include:

= A portable real-time imaging system for detection of tampered
products in the field

= A radically different altimeter for the next generation of aircraft

= An on-line thickness gauge used in 100°C environments

= A compact X-ray fluorescence system

= A tabletop double crystal diffractometer

= An airborne meteorological device for measuring particle distribution

All possible because of the self-contained compact X-ray energy source,
the PXS.

Kevex X-RAY integrated a miniature X-ray tube and a high voltage power
supply into one compact, 5 Ib. package. Operational from a 12 volt

DC battery, this highly regulated, highly stable source has all the high
voltage components molded internally. As a result there are no high
voltage cables or connectors to work around.

Designed, manufactured, and sold only by Kevex X-RAY. Call or write
Kevex X-RAY today for information on our complete line of portable
sources including the 10 micron focal spot PXS.

kevex ...

P.0. Box 66860

Scotts Valley, CA 95066 408-438-5940

& AVG insiruments Gioup Company
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appropriate section in this at the end of the full-length article
issue. If you are interested in or by writing the Technology
developing a product from Utilization Office of the sponsoring

these or other NASA innova- NASA center (see page 18).
tions, you can receive further NASA's patent-licensing program

to encourage commercial develop-

requesting the TSP referenced ment is described on page 18.

Mixed-Gas Sorption
Joule-Thomson Refrigerator

A proposed mixed-gas Joule-Thomson
refrigerator would include only one stage
and no mechanical compressor. Compared
with its predecessors, the refrigerator would
be simpler, operate without vibrating, and
consume less power in producing the
same amount of cooling down to 70 K.
(See page 38)

High-Power Liquid-
Metal Heat-Transfer Loop

A proposed closed-loop system for the
transfer of thermal power would operate
at relatively high differential pressure be-
tween the vapor and liquid phases of a
liquid-metal working fluid. Because the
system would contain no moving parts, it
should be highly reliable and suited to long-
term unattended operation.

(See page 36)

Higher-Performance
Ambient-Temperature
Heat Pipe

A porous wick added to the liquid chan-
nel improves the thermal performance of
a heat pipe. Sintered aluminum powder
now lines the liquid channel.

(See page 57)

Improved Planar
Schottky Diode

Modified design and fabrication of a sur-
face-channel planar Schottky diode reduce
the parasitic capacitances to the theoret-
ical minimum, eliminate the buried layer
of conductive material between the anode
contact and the semi-insulating substrate,
and reduce the thickness of the diode chip.
(See page 24)

Tool for Robotic
Resistive Roll Welding

Resistance-welding current starts and
stops automatically according to force
exerted against the workpiece, thanks to
a roll-welding attachment for a robot. This
simple, inexpensive attachment incor-
porates a modified commercial resistance-
welding gun.

(See page 62)
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the parti 2
scribed their services, and listed the individuals you can contact for more
information relating to your specific needs. We encourage you to make use of
the information, access, and applications services offered by NASA's Technol-
ogy Utilization Network.

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.

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

Aerospace Research Research Triangle Park, NASA/UK Technology NASA Industrial Applications
Center (ARAC) NC 27709-2235 Technology Applications Center Center

Indianapolis Center for Advanced H.L. (Lynn) Reese, Director University of Kentucky University of Southem California
Research (919) 549-0671 109 Kinkead Hall Research Annex

611 N. Capitol Avenue
Indianapolis, IN 46204

Dr. F. Timothy Janis, Director
(317) 262-5036

NASA Industrial Applications
Ctr. 823 William Pitt Union
University of Pittsburgh
Pittsburgh, PA 15260

Lexington, KY 40506-0057
William R. Strong, Director
(606) 257-6322

NERAC, Inc.

3716 South Hope Street

Los Angeles, CA 90007-4344
Robert Stark, Director

(213) 743-6132

Central Industrial Applications Lani Hummel One Technology Drive (800) 642-2872 (CA only)
Center/NASA (CIAC) Executive Director Tolland, CT 06084 (800) 872-7477 (toll-free US)
Rural Enterprises, Inc. (412) 648-7000 Dr. Daniel U. Wilde, President NASA/SU Industrial Applications
Post Office Box 1335 Southern Technology (203) 872-7000 Center

Durant, OK 74702 Applications Center (STAC) Technology Application Center Southern University Department
Dr. Dickie Deel, Director Post Office Box 24 (TAC) of Computer Science

(405) 924-5094 Progress Ctr., One Progress Bivd. University of New Mexico Post Office Box 9737

(800) 658-2823 (toll-free U.S.) Alachua, FL 32615 Albuquerque, NM 87131 Baton Rouge, LA 70813-9737
Science and Technology J. Ronald Thomnton, Director Dr. Stanley A. Morain, Director Dr. John Hubbell, Director
Research Center (STRC) (904) 462-3913 (505) 277-3622 (504) 771-6272

Post Office Box 12235 (800) 354-4832 (FL only) (504) 771-4950

(800) 225-0308 (toll-free US)

If you represent a public sector organization with a particular need, you can contact NASA's Application Team for technology matching and problem solving
assistance. Staffed by professional engineers from a variety of disciplines, the Application Team works with public sector organizations to identify and solve
critical problems with existing NASA technology. Technology Application Team, Research Triangle Institute, P.O. Box 12194, Research Triangle
Park, NC 27709; Dr. Doris Rouse, Director, (919) 541-6980

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

If you need further information about new technologies presented in NASA Tech Briefs, request the Technical Support Package (TSP). If 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.

Ames Research Ctr.
Technology Utilization
Officer.Geoffrey S. Lee
Mail Code 223-3
Moffett Field, CA 94035
(415) 604-4044

Patent Counsel:

Darrell G. Brekke

Mail Code 200-11
Moffett Field, CA 94035
(415) 604-5104

Lewis Research Center
Technology Utilization
Officer: Anthony F.
Ratajczak

Mail Stop 7-3

21000 Brookpark Road
Cleveland, OH 44135
(216) 433-2225

Patent Counsel:

Gene E. Shook

Mail Code LE-LAW
21000 Brookpark Road
Cleveland, OH 44135
(216) 433-5753

John C. Stennis
Space Center
Technology Utilization
Officer: Richard A.
Galle (acting)

Code HA-32

Stennis Space Center,
MS 39529

(601) 688-1929

John F. Kennedy
Space Center
Technology Utilization
Officer: Thomas M.
Hammond

Mail Stop PT-PMO-A
Kennedy Space
Center, FL 32899
(407) 867-3017

Patent Counsel:

Bill Sheehan

Mail Code PT-PAT
Kennedy Space
Center, FL 32899
(407) 867-2544

Langley Research Ctr.
Technology Utilization

Officer: Joseph J. Mathis Jr.

Deputy Head, TU Office
Mail Stop 139A
Hampton, VA 23665
(804) 864-2484
Patent Counsel:
George F. Helfrich
Mail Code 279
Hampton, VA 23665
(804) 864-3523
Goddard Space Flight
Center

Technology Utilization
Officer: Donald S.
Friedman

Mail Code 702.1
Greenbelt, MD 20771
(301) 286-6242
Patent Counsel:

R. Dennis Marchant
Mail Code 204
Greenbelt, MD 20771
(301) 286-7351

Jet Propulsion Lab.
NASA Resident Office
Technology Utilization
Officer: Arif Husain
Mail Stop 180-801
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-4862
Patent Counsel:
Thomas H. Jones
Mail Code 180-801
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-5179
Technology Utilization
Mgr. for JPL: Dr. Nor-
man L. Chalfin

Mail Stop 156-211
4800 Oak Grove Drive
Pasadena, CA 91109
(818) 354-2240

George C. Marshall
Space Flight Center
Technology Utilization
Officer: Ismail Akbay
Code ATO1

Marshall Space Flight
Center,

AL 35812

(205) 544-2223

Fax (205) 544-3151
Patent Attomey:

Jerry L. Seemann
Mail Code CCO1
Marshall Space Flight
Center,

AL 35812

(205) 544-0021

Lyndon B. Johnson
Space Center
Technology Utilization
Officer: Dean C. Glenn
Mail Code IC-4
Houston, TX 77058
(713) 483-3809

Patent Counsel:
Edward K. Fein

Mail Code AL3
Houston, TX 77058
(713) 483-4871

NASA Headquarters
Technology Utilization
Officer: Leonard A. Ault
Code CU

Washington, DC 20546
(202) 557-5598
Assistant General
Counsel for Patent
Matters: Robert F.
Kempf, Code GP
Washington, DC 20546
(703) 557-5598

If You Have a Question..NASA Scientific & Technical Infor-
mation Facility can answer questions about NASA’'s Technology
Utilization Network and its services and documents. The STI staff
supplies documents and provides referrals. Call, write or use the
feedback card in this issue to contact: NASA Scientific and Technical
Information Facility, Technology Utilization Office, P.O. Box 8757,
Baltimore, MD 21240-0757. Walter M. Heiland, Manager, (301) 859-
5300, Ext. 245.

A Shortcut To Software: COSMIC®-For software developed with
NASA funding, contact COSMIC, NASA's Computer Software Manage-
ment and Information Center. New and updated programs are an-
nounced in the Computer Programs section. COSMIC publishes an
annual software catalog. For more information call or write: COSMICS
382 East Broad Street, Athens, GA 30602 John A. Gibson, Dir., (404)

542-3265.
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Flange Correction for Metal-to-Metal Contacts

Interfacial resistances can be extracted more accurately from four-terminal measurements.
NASA's Jet Propulsion Laboratory, Pasadena, California

An improved mathematical model pro-
vides a correction for the flange effect in
estimating the resistance of a square con-
tact between two metal layers from stand-
ard four-terminal measurements. The mod-
el is an extended version of one developed
previously for a contact between a metal
layer and a semiconductor layer, wherein
the flange effect is important in the semi-
conductor layer only. Here the flange ef-
fect in both metal layers is significant.

As its name suggests, the flange effect
occurs in the flanges — the regions of the
metal layers in the vicinity of the con-
tact — and is caused by the lateral flow
of electrical current in these regions. In the
one-flange (semiconductor/metal contact)
model, the metal layer is represented by
an equipotential plane, the contact zone
is shrunken slightly from its true dimen-
sions to a smaller equipotential core em-
bedded in the semiconducting layer mod-
eled as a two-dimensional resistive sheet,
and a lumped resistor represents the in-
terfacial resistance. The shrinkage of the
core from the original contact zone is given
by effective lengths of current flow under
the contact derived from a one-dimension-
al-transmission-line model.

The two-flange (metal/metal contact)

Square
Contact

The Four-Terminal
Method is a standard
method formeasuring
the resistance of a
contact like this one
betweenthe two metal
layers. Theresistance

|
|

Measured > |
Voltage —

Metal
Layers

e e

i
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¥
|—_;a —41“|—~ Flange Width d4
¥ | ' i 1
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Flange Width &

ofthe contactis deter-
mined by applying a
current and measur-
ing the voltage as
shown, thenmaking a
correction for the ge-
ometry.

Applied
Current

model is obtained by piecing together two
one-flange models, one for each metal
layer. Mathematically, this alters the effec-
tive lengths and implicity distributes the
interfacial resistance between two one-
flange problems. The two-flange model
has been tested by comparison with nu-
merical simulations and with experiments.
The resistances predicted by the model
were found to agree with those of the
simulations at contact sizes of 1 and 4 um

but to disagree somewhat with those of
the simulations at intermediate sizes. How-
ever, the predictions of the model agreed
with measurements in the same size range.
This work was done by Udo Lieneweg
and David J. Hannaman of Caltech for
NASA’s Jet Propulsion Laboratory. For
further information, Circle 8 on the TSP Re-
quest Card.
NPO-18052

Thin, Lightweight Solar Cell

Features include enhanced resistance to ultraviolet light and to energetic charged particles.

Lewis Research Center, Cleveland, Ohio

An improved design for thin, lightweight
solar photovoltaic cells with front contacts
reduces the degradation of electrical out-
put under exposure to energetic charged
particles (protons and electrons). The de-
sign also increases the ability of the cells
to maintain structural integrity under ex-
posure to ultraviolet radiation by eliminating
the ultraviolet-degradable adhesives that
have been used to retain cover glasses in
some prior designs.

The front (illuminated) surface of the semi-
conductor substrate of a cell contains rec-

20

tangular grooves in which the back halves
of interdigitated metal contact lines are em-
bedded. The cell junctions lie on the sur-
face, surrounding the metal contacts (see
figure). The placement of all the junctions
and contacts at the front (rather than plac-
ing some contacts at the back as in prior
designs) provides shorter paths for the charge
carriers generated by incident photons to
travel to the junctions and contacts. The
shortening of the paths decreases the prob-
ability of trapping of charge carriers by de-
fects. Trapping degrades output, and the

defects that cause trapping include those
induced by energetic charged particles.
Thus, this simple change of configuration
helps to maintain output after exposure.
The front half of each contact line is formed
in a mating rectangular groove in the back
surface of the cover glass. The front sur-
face of the cover glass contains triangular
grooves aligned with the metal contacts.
The triangular grooves refract the light inci-
dent on them away from the contacts and
into the cell; without these grooves, the af-
fected portion of the light would fail on the
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digital waveform acquisition and complex analysis.

Sometimes the most complicated problems

are best handled by the simplest of solutions.

Like the Nicolet System 500.
This is the most advanced instrument

we've ever designed for complex multi-

channel waveform acquisition and

analysis. Yet with the System 500's

unique operating software,

it's incredibly easy to use.

Software so simple that |

the System 500 is ready to !

roll minutes after you lift ‘

it out of the box. No pour- ‘

ing over thick manuals. No l

tedious programming. Just

hook it up and turn it on.
And if the software

doesn’t already fit you like

a glove, we've included a

Nicolet Test Instruments Division

5225 Verona Rd.,
Madison, W1 53711-4495
608/273-5008 or 800/356-3090

Made simple.

handy IEEE-488.2 command set so you can
write your own or have Nicolet do it for you.
With intuitive pull-down menus,

mouse and keyboard shortcuts,
and easily understood displays,
the 500 handles complex proce-
dures with ease. With surprising
quickness, you'll process incom-
ing data through hundreds of
independent input channels at
12 bit resolution, compile the
longest data records (up to one
Megaword), and turn even the
most detailed acquisitions and
analyses into mere childsplay.
Need more information?
We've made that simple, too. Just
give us a call at 1-800-356-3090.

Nicolt
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metal contacts, where it would not generate

charge carriers.

If the cells are made of semiconductors
from groups Ill and V of the periodic table
(eg., GaAs or InP), they should be 5 to 10
um thick. Single-crystal layers of such thick-
nesses can be made by a peeled-film tech-
nique. If the cells are made of silicon, they
should be at least 30 um thick. A typical
cell is fabricated by the following sequence
of steps:

1. Then* and p* regions of the semicon-
ductor substrate are produced by diffusion
of the dopants into the semiconductor,
using photolithographic masking tech-
niques to form the regions on the front
surface.

2. An antireflection coat is deposited on the
front surface of the semiconductor.

3. The grooves for the contacts are etched
or laser-scribed into the front surface with
the help of appropriate masks.

4. The metal contact material is deposited
into these grooves and made flush with
the top of the antireflection coating.

5. The aligned triangular and rectangular
grooves are made in the upper and lower
surfaces, respectively, of the cover glass.

6. By use of an appropriate masking tech-

Front

Back

AN

Interdigitated Front Con-
tacts and front junctions are
formed on the semiconduc-
tor substrate. Mating con-
tacts are formed on the back
surface of the cover glass.
The cover glass and sub-
strate are electrostatically

nique in conjunction with plating, evapora-
tion or other means, contact metal is de-
posited in the rectangular grooves, flush
with the surface of the glass.

7. The cover glass and the semiconductor
substrate are aligned so that their metal
contacts coincide, then are joined by elec-
trostatic bonding.

8. Multiple cells can be attached to a single
large-area cover glass and interconnected
with an appropriate pattern in the glass.

9. A backing layer, typically of Kapton (or
equivalent) polyimide is attached to the

bonded together.

back surface of the cell(s) by a silicone

adhesive.

This work was done by Henry W.
Brandhorst, Jr., and Irving Weinberg of the
Lewis Research Center. For further infor-
mation, Circle 159 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,
Lewis Research Center [see page18]. Refer
to LEW-14959.

Doping To Reduce Base Resistances of Bipolar Transistors
A plp* base-doping profile would reduce base resistance without reducing current gain.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A modified doping profile has been pro-
posed to reduce the base resistances of
bipolar transistors. Low base resistances
are desirable for high-speed applications.
Decreases in base resistances can also
result in decreases in voltage drops along
emitter/base junctions, with consequent
decreases in the undesired crowding of
emitter currents.

When base resistances are reduced by
increasing the concentrations of dopants
in the bases of bipolar transistors in the
conventional manner, emitter efficiencies
and current gains are reduced. The pro-
posed base structure would reduce the
base resistance without degrading the cur-
rent gain. As shown in the figure, it would
involve the placement of a p (or n) layer
near the emitter and a p* (or n™*) layer
near the collector in the case of an npn
(or a pnp, respectively) transistor. The p (or
n) layer near the emitter ensures a high
emitter efficiency, and the resistance would
be reduced by the incorporation of the p*
orn® layer.

For example, the concentration of the
dopant in, and the thickness of, the base
of a typical npn bipolar transistor are
1%10' cm~3 and 0.5 um, respectively,
and cause the sheet resistance of the base
to be 200 ohms per square. The proposed

22

The Proposed Low/
High Doping Profile
would reduce the re-
sistance of the base
without reducing the
current gain.

p Collector

PNP TRANSISTOR

low/high base profile of 1x 10" and 1x10%
cm~2 and thicknesses of 0.2 and 0.3 um
for the p and p* layers, respectively,
would reduce the sheet resistance of the
base to less than 30 ohms per square.
The proposed low/high base-doping pro-
file could be realized by such low-tem-
perature deposition techniques as mo-
lecular-beam epitaxy, ultra-high-vacuum

chemical-vapor deposition, and limited-re-
action epitaxy. These techniques can pro-
duce the desired doping profiles without
excessive diffusion of dopant.

This work was done by True-Lon Lin of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 102
on the TSP Request Card,

NPO-17948
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In just a few short months, Meridian
has opened over 5000 minds to Ada.
Programmers who'd shied away from
Ada, due to high prices and lengthy
learning curves, have been quick to
recognize the revolution Meridian's
latest complete Ada development
system, OpenAda, has set in motion.
At last, an Ada product that rivals
the likes of TurboPascal® and C++.
TR A |
"Meridian Software Systems

slashed the price and raised
the standard for PC based Ada

development.” -PC Week
[ — SRR S

OpenAda sets a new standard with
an affordable, quick-start Ada develop-
ment environment for the Macintosh®
or PC. With hypertext onine help and

product names are registered trade:

a windowed editor, you'll quickly
discover why Ada’s not just for defense
projects any more.

And for $299 or less you can't afford
to pass up this opportunity to explore
the industry’s fastest growing language
on a top quality development system.

"If you want to know what this
language is all about, get OpenAda.
It's the best low-cost Ada
compiler around."” -IEEE Computer

In an effort to prepare programmers
for a transition to Ada, both corporate
training programs and universities have

added Ada to their curriculums, using

OpenAda as the training vehicle.
It's the perfect choice. Even at this
exceptional value, it's complete. For both

3 1S a registered trademark of Merigian Software Systems, Inc. Al
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training and development. It includes:

= compiler/linker » debugger
optimizer » graphic interface s Amake =
utility and Environment library »
» Ada syntax-directed editor »
graphics/math library = on-line LRM

To remain at the forefront of an evolv-
ing industry, you've got to know Ada.
And OpenAda makes it easy for you
to invest in your future.

You can trade-up to a full line of Ada
development products, including PC
(DOS AND UNIX), MACINTOSH, SUN,
AND DIGITAL EQUIPMENT CORP. plat-
forms. And you'll receive full value for
your OpenAda purchase for two
years. Meridian's renowned cus-
tomer support is also available.

Order now. Call 1(800)221-2522.
If you wait, it will cost $495 to open
your mind to Ada.
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Improved Planar Schottky Diode

Changes in the epitaxial layer structure and additional fabrication steps

reduce conversion loss in millimeter and submillimeter mixers.

Goddard Space Flight Center, Greenbelt, Maryland

Modifications of the design and fabrica-
tion of ‘a surface-channel planar Schottky
diode (NASA Tech Briefs, Vol. 12, No. 7,
pp. 22-23) reduce the parasitic capaci-
tances to the theoretical minimum, eli-
minate the buried layer of conductive ma-
terial between the anode contact and the
semi-insulating substrate, and reduce the
thickness of the diode chip. These im-

provements combine to reduce the con-
version loss and noise of the diode in high-
frequency mixer applications.

A thin layer of AlGaAs is added to the
standard initial epitaxial-layer structure, as
shown in part 1 of the figure. This layer acts
as an etch stop during a later fabrication
step.

After the surface-channel diode fabrica-

Now, you can create, update and print
presentation-perfect flowcharts to your
specifications — in no time!

Quick to master and a snap 1o use,
Patton & Patton’s flowcharting software is the
standard of both large and small businesses
around the world — and is available through
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See your dealer today! Or, for a
“live,” interactive demo disk, call:
800-525-0082, ext. 2805.

International: 408-778-6557, ext. 2805.

BUILDTO SUIT.

PATTON & PATTON

Software Corporation

Excellence in charting the flow of ideas!
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The Modified Planar Schottky Diode is
shown at various stages in its fabrication.

tion but before dicing, a polymer filler is in-
jected into the etched surface channel on

the wafer. This filler preserves the channel
during subsequent fabrication steps by

NASA Tech Briefs, May 1991
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protecting it from other etchants. The filler
may be the same material used as a tem-
porary adhesive when the wafer is inverted
and bonded to a carrier, as shown in part 2
of the figure, and may be injected at the
same time. This filler/adhesive must be
unaffected by photoresist and photoresist
solvents but must be easily removed by
other chemicals at the end of fabrication.

Once the wafer is bonded to the carrier,
the semi-insulating substrate is etched
away to the AlGaAs etch stop. The wafer is
patterned with photoresist while still on the
carrier, and the AlGaAs and GaAs above
the anode contact pad are removed, as

shown in part 3 of the figure. Because of
the large size of the surface channel, this
backside patterning is not critical in terms
of alignment.

A thin [1- to 2-mil (25- to 50um)] layer of
low dielectric-constant material, such as a
polymer, spin-on glass, or quartz with ad-
hesive, is applied to the wafer to provide
support. The wafer is diced into individual
chips while still bonded to the carrier. After
removing the chips from the carrier and re-
moving the surface channel filler, single
chips are soldered or bonded to a choke
structure in a “flip-chip” configuration. The
diode chip may be used with the new sup-

port dielectric in place (see part 4 of figure)
or, for absolute minimum parasitic capaci-
tance and thickness, the support dielectric
may be etched or dissolved away (see part
5 of figure).

This work was done by William Bishop
and Robert Mattauch of the University of
Virginia for Goddard Space Flight Cen-
ter. For further information, Circle 21 on
the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Goddard
Space Flight Center [see page 18]. Refer to
GSC-13205.

Phototransistors for Long-Wavelength Infrared

Detection would be based on impurity-to-continuum transitions.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Phototransistors of a proposed new type
would be used to detect photons that have
wavelengths of 8 to 150 um. Integrated-
circuit imaging arrays of such phototran-
sistors would be useful in infrared remote
sensing.

A device of this type would be a silicon,
germanium, or silicon/germanium photo-
transistor in which the junction between
the collector and the base is lightly doped
with impurities. In the case of the npn Si/
Ge/Si phototransistor shown in the figure,
the dopant would be one or more electron-
donor material(s) in which the electron-en-
ergy states lie slightly below the bottom
of the conduction band of silicon.

Photons of energy equal to or greater
than the gap between these states and the
conduction band would excite electrons
from the donor states to the continuum of
energy states in the conduction band. The
electric field that arises from the appli-
cation of the customary reverse bias to
the collector/base junction would sweep
these photoexcited electrons toward the
collector.

The positive donor ions left by the photo-
excitation would increase the forward bias
across the emitter/base junction; this would
cause electrons to be injected from the
emitter to the base. If the lifetimes of the
injected electrons exceeded the times of
transit across the base, then most of this
injected-electron current would be ampli-
fied by normal transistor action.

Although a phototransistor of this type
could have a Ge or Si homostructure, a
heterostructure containing both Si and Ge
is preferred because it blocks the transport
of holes and thereby contributes to the cur-
rent gain. Blocking the hole current also
decreases the dark current and its con-
tribution to noise.

Another alternative configuration would
include a blocked-impurity-band structure,
which makes it possible to take advantage
of concentrated doping without incurring

26
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An npn Phototransistor, of several versions of a proposed new type, would include
infrared-active electron-donor dopant in a thin layer at the collector/base junction.

the disadvantage of large leakage of cur-
rent by conduction through the impurity
band. In this case, the blocking layer (in
which charges cannot travel in the impurity
band) would be a thin, undoped layer
grown on the collector side of the heavily

doped active layer.
This work was done by Shmuel |.

Borenstain of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 138 on the TSP Request Card.
NPO-18029
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Computer Processing of Tunable-Diode-Laser Spectra

Measurements in three channels are processed into spectra.

NASA’s Jet Propulsion Laboratory, Pasadena, California
A tunable-diode-laser spectrometer that ‘

measures the transmission spectrum of a
gas operates under the control of a com-
puter, which also processes the measure-
ment data. The laser beam is split into
parts along three different paths: one
through a germanium etalon, one through ol e
an absorption cell filled with a reference S \ Mirror
gas at low pressure, and one through an
absorption cell filled with the specimen
gas, the absorption or transmission spec-
trum of which one seeks to determine (see
Figure 1). The computer tunes the laser
in small increments of wavelength by in-
creasing or decreasing the laser current
in small steps. At each increment, three
photodetectors measure the laser-beam
powers that reach the ends of the paths. 1

These measurements are digitized, then
processed as illustrated schematically in
Figure 2. The measurement data represent
raw transmission spectra that include the
effects of instrumental distortion. The raw iy . o
transmission spectrum of the etalon rep- P
resents the interference-fringe pattern of

the etalon, which defines a relative-wave- - 1 ) 4
number scale and is used to linearize the igure 1. The Computer Controls the Current supplied to the tunable diode laser, thereby

] e stepping it through smallincrements of wavelength while processing the spectral measurements
wave-number scale via a polynomial inter- v e 9 P v P «

g at each step.
polation procedure. An absolute-wave-
number scale is derived from the spec-
trum of the reference gas, which is also A ooy wives
used to determine the laser linewidth and Spectrometer Channels
to confirm the free spectral range of the
Channel 2 Channel 1 Channel 3

eta'on. (Etalon) ' v (Specimen Gas) (Reference Gas)

The spectrum of the specimen gas is
normalized to a 100-percent-transmission Makme of
baseline through polynomial fitting in the ki
portions of the spectrum in which the den-
sity of absorption lines is low and, conse- Use Spectrum '
quently, the 100-percent-transmission level e ,~_| | v
is easily identified. To obtain this normaliza- i e o
tion in the portions of the spectrum in
which the continuum absorption is high l
because the pressure of the specimen gas
is high or because the spectral lines of the
specimen gas are congested, a scan is
performed with the specimen-gas absorp- == . o t .
tion cell evacuated. = =

The spectral positions of spectral lines Plpriie d
and maximums of the etalon fringes are _
obtained approximately via first- and sec-
ond-derivative locating procedures and, Figure 2. This Flow Chart illustrates the steps in the analysis of the raw spectral data.
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when necessary, with the help of graphical
input by the user. More accurate values
for these positions are obtained via least-
squares fitting procedures. A wave-num-
ber scale is assigned by using the known
wavelengths or wave numbers of the spec-
tral lines of the reference gas along with
the free spectral range of the etalon. Non-

linearities in the wave-number scale are
identified by observing irregularities in the
numbers of data points that separate the
etalon-fringe peaks. The computer pro-
gram includes a library of routines for the
general manipulation and plotting of spec-
tra, least-squares fitting of direct-transmis-
sion and harmonic-absorption spectra, and

deconvolution for determination of the
laser linewidth and for removal of instru-
mental broadening of spectral lines.

This work was done by Randy D. May
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 123 on the TSP Request Card.
NPO-18019

Twin-Mirrored-Galvanometer Laser-Light-Sheet Generator

Multiple, rotating laser-light sheets are generated to illuminate flows in wind tunnels.
Langley Research Center, Hampton, Virginia

Light sheets generated with either laser
or noncoherent light sources have found
many applications in the visualization of
flows. However, previous systems were
usually dedicated to specific viewing ge-
ometries. A new system was designed and
developed to provide flexibility and adapta-
bility to a wide range of applications. The
design includes the capability to control
the size and location of the laser-light sheet
in real time, to generate horizontal or ver-
tical sheets, to sweep the sheet repeatedly
through a volume, to generate muitiple
sheets with controllable separation, and
to rotate single or multiple laser-light sheets.

The galvanometer-mirror-based laser-
light-sheet system (see figure) was devel-
oped for use in the Basic Aerodynamics
Research Tunnel (BART) at NASA Langley
Research Center. The system generates
and positions single or multiple light sheets
over aeronautical research models being
tested in the low-speed tunnel.

The laser-light-sheet system is evolving.
Initially, the system was configured to gen-
erate single horizontal or vertical laser-light
sheets. The capability to generate multi-
ple laser-light sheets or sweep the posi-
tion of a single sheet was added next. The
capability to rotate a single laser-light sheet
by use of a sine/cosine potentiometer was
then added. The capability to rotate multi-
ple laser-light sheets was added by incor-
porating a rotation output in the multiple-
sheet generator. The latest addition is a
Bragg cell to remove spurious lines be-
tween the sheets.

The addition of each new capability was
accomplished without compromising ex-
isting capabilities. The system is capable
of producing up to 12 sheets of laser light
at an angular divergence of +20° The
maximum rate of scanning for any line is

Argon-lon

Laser

Twin-Mirrored
Galvanometers

The Light-Sheet System includes electronic equipment and a laser mounted on an
adjustable-height platform. The twin-mirrored galvanometer unit is supported by a tripod

to reduce vibration.

approximately 500 Hz. The rate of scan-
ning of the generated line along the or-
thogonal axis is also controlled. The time-
averaged line can be rotated to any desired
degree.

When this system is used to illuminate
smoke entrained in the flow over a delta-
wing model, it reveals the vortical flow pro-
duced by the separation of the flow at the
leading edge of the model. The light-sheet
system has proved to be very adaptable
and easy to use in sizing and positioning
light sheets in wind-tunnel applications.
Other possible applications include use in
the construction industry to align beams
of a building. Artistic or display applications

are also possible.

This work was done by David B.
Rhodes, John M. Franke, Stephen B.
Jones, and Bradley D. Leighty of Langley
Research Center. Further information
may be found in NASA TM-100587 [N88-
25901], “A Twin-Mirrored Galvanometer
Laser Light Sheet Generator.”

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

LAR-14248

Associative-Memory Array of Optical Logic Gates

Differences between binary input and memory images are measured in terms of Hamming distances.
NASA’s Jet Propulsion Laboratory, Pasadena, California

An experimental optical associative-
memory apparatus measures the similarity
or dissimilarity between an input binary im-
age and each of M binary images in mem-
30

ory. Using the Hamming distance as the
measure of dissimilarity, it determines
which (if any) of the memory images close-
ly or most closely resembles the input im-

age. It indicates this match by displaying
an image (eg., the recognized image or
a symbol, word, number, or other substi-
tute image) in real time on an output plane.

NASA Tech Briefs, May 1991



The apparatus contains a two-dimen-
sional array of optical exclusive-OR gates,
which are used to determine the Hamming
distance between the input and memory
images. Figure 1 illustrates the exclusive-
OR function of a simplified (one-dimen-
sional) array in which the input and memo-
ry images are binary column vectors. The
array is illuminated from the input side with
horizontally polarized light and the input
and binary images, each of which is im-
pressed on a spatial light modulator. The
portions of each modulator wherein the
intensity of the image represents binary
“one’”’ rotate the polarization by 90°, while
those wherein the intensity represents
binary “zero" do not change the polarization.

The light emerging from the memory-
image spatial light modulator passes
through an analyzer oriented for vertical
polarization. In the spots where the input
and memory images are both “‘zero” or
both “one" (where they match), the out-
put of the analyzer is dark and the con-
tribution to the Hamming distance is zero.
In the spots where the input and memory
images differ (one of them is “‘zero’” while
the other is ‘‘'one”), the output of the an-
alyzer is bright and the contribution to the
Hamming distance is 1.

Figure 2 illustrates the full two-dimen-
sional apparatus. The input image is elec-
tronically made into M replicas that are im-
pressed on the first spatial light modulator.
Each of the M different memory images
is impressed on the second spatial light
modulator in a position corresponding to
that of one of the replicas of the input im-
age. An integrating lens (or, alternatively,
an array of lenslets) focuses the exclusive-
OR output image from each of the M pairs
of input and memory images onto one of
M photodetectors. The output of each pho-
todetector is proportional to the Hamming
distance between the images in the pair;
an electronic circuit determines which one
represents the shortest Hamming distance
and signals an associative-recall module
to display the corresponding output image.

This work was done by Tien-Hsin Chao
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 129 on the TSP Request Card.

This invention is owned by NASA, and
a patent application has been filed. In-
Quiries concerning nonexclusive or ex-
clusive license for its commercial develop-
ment should be addressed to the Patent
Counsel, NASA Resident Office-JPL [see
page 18]. Refer to NPO-17997.

Figure 2. The Optical Associative-Memory
Apparatus, operating on the principle illus-
trated in simplified formin Figure 1, finds which
(if any) of M memory images resembles or
most closely resembles the input image.

NASA Tech Briefs, May 1991
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Deep FIFO Surge Buffer

A data-acquisition system temporarily accepts data at a higher rate.

Ames Research Center, Moffett Field, California

A first-inffirst-out (FIFO) buffer tem-
porarily stores short surges of data gen-
erated by a data-acquisition system at an
excessively high rate and releases the data
at a lower rate suitable for processing by a
computer. The size and complexity of the
FIFO buffer are reduced while its capacity
is enhanced by the use of newly devel-
oped, sophisticated integrated circuits and
by a “byte-folding” scheme that doubles
the effective depth and data rate.

The system (see Figure 1) allows for
tradeoff between the number of data chan-
nels (up to 64) and the sampling rate in
each channel, each of which is equipped
with its own sample-and-hold and 16bit ana-
logtodigital converter circuits. The com-
puter can accept 16-bit data at a maximum
rate of only 500,000 pulses per second,
whereas the 64 channels of the data-ac-
quisition system operating at full capacity
can generate data at 2,839,040 pulses per
second. The FIFO buffer must be capable
of storing the difference (2,339,040 pulses
per second) during a burst 2.95 seconds
long.

Each channel is equipped with a unit of
FIFO memory that includes a FIFO ran-

dom-access-memory (RAM) controller, two
memory arrays, each containing four
8 X 32 K static RAM integrated circuits,
and latching registers (see Figure 2).
Peripheral programmable-array-logic in-
tegrated circuits are used to route clock
signals to and from the FIFO RAM con-
troller, the input and output latching
registers, and the static RAM memory ar-
ray.

The principle of operation is as follows:
At the end of each analog-to-digital conver-
sion, an “end-of-conversion pulse triggers
a flip-flop and sends a “write” request to

the FIFO RAM controller. This toggles
“write" data into the latching registers and
enables double-speed operation of the
writing port. The data are strobed in and
out sequentially to make one 16-bit X128
Kbyte writing/reading cycle. The FIFO
RAM controller reads data from the memo-
ry array when it receives a “read request”
in the form of an “output enable” signal
from the computer.

This work was done by Gerald Temple,
Marc Siegel, and Zwie Amitai of Ames Re-
search Center. For further information,
Circle 71 on the TSP Request Card.

Figure 1. The Data-
Acquisition System
includes a unit of
FIFOmemoryineach
channel of incoming
data. The FIFO
buffer, consisting
mostly of the collec-
tion of these FIFO
memory units, stores
large surges of in-
coming data and re-
leases them to the
computer at a lower
ratethatitcanhandle.
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Figure 2. Each Unit of FIFO Memory includes ancillary circuitry that
executes a 2 x byte-folding scheme.
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Microwave Brightness of Land Surfaces From Outer Space

Effects of roughness of surface, moisture in soil, and vegetation are included.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A mathematical model approximates
the microwave radiation emitted by land
surfaces that travels to a microwave radi-
ometer in outer space. This is one of a num-
ber of such models developed in recent
years for the interpretation of microwave
imagery of the Earth to obtain the distribu-
tions of various chemical, physical, and
biological characteristics across its sur-
face. In this case, the model is intended
primarily for use in mapping the moisture
content of soil and the fraction of the Earth
covered by vegetation.

The theoretical basis of this develop-
ment is a general mathematical model of
microwave brightness temperatures over
land. The general model takes account of
the altitude and viewing angle of the radi-
ometer; the polarization and frequency of
the radiation; the upwelling and downwell-
ing radiation that originates in the atmos-
phere; the downwelling background radia-
« tion from outer space; and the attenuation
and scattering in the atmosphere, including
the effects of water vapor, clouds, and pre-
cipitation (see figure). The general model
includes submodels that characterize the
microwave appearance of the soil surface
as a function of its moisture, roughness,
and temperature. Other submodels charac-
terize the vegetative land cover as a func-
tion of its temperature, moisture content,
a single scattering albedo, structure, and
the percentage of surface covered.

The general mathematical model is
changed to express the brightness tem-
peratures in terms of the ratios between
the power densities received in vertical and
horizontal polarizations in the various ra-
diometric frequency bands. These polariza-
tion ratios depend primarily on the moisture
content and percentage of vegetative
cover, which one seeks to map, and upon
the surface roughness, which one does not
seek to map. That is to say, the use of these
polarization ratios reduces the influence
of the surface-temperature and atmos-
pheric effects that are undesired in this
mapping problem, leaving only the rough-
ness of the surface as the major undesired
feature. The surface-roughness submodel
includes an approximate equation for the
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microwave reflectivity as a function of the
microwave frequency, the root-mean-square
roughness height, and the spatial frequen-
cy of the roughness. Because of this equa-
tion, one can use spatial-frequency effects
in the observed polarization ratios to sepa-
rate, at least partially, the surface-rough-
ness effects from the soil-moisture effects.

The model was applied to measure-
ments made by the Scanning Multichan-
nel Microwave Radiometer (SMMR) aboard
the Nimbus 7 satellite at five frequencies
from 6.6 to 37 GHz and in both polariza-
tions. The model was found to be useful
in evaluating the effects of atmospheric
water vapor and clouds at the SMMR fre-
quencies, and in showing that microwave
radiometry can be a very efficient tech-
nique for monitoring changes in soil
moisture and vegetation, at least in semi-
arid areas.

A remaining problem is to find a suitable
and reliable way of combining measure-
ments made at different frequencies, to iso-
late the different parameters through their
varying influences as functions of the mi-
crowave frequency. The model shows that

the lower frequencies are best adapted to
the monitoring of soil-moisture and canopy-
water contents. The higher microwave fre-
quencies are useful for monitoring the
water content of vegetation only where the
vegetative cover is very sparse. However,
the higher spatial resolutions available at
the higher microwave frequencies are de-
sirable. The Advanced Very-High-Resolu-
tion Radiometer (AVHRR) of the National
Oceanic and Atmospheric Administration
could provide additional information on
vegetative cover, thereby making possible
the retrieval of soil-moisture values from
the SMMR measurements. Moreover, the
joint use of SMMR and AVHRR data will prob-
ably make it possible to monitor changes
of the land surface during intervals of 5 to
10 years, providing significant data for math-
ematical models of the evolution of the
climate.

This work was done by Yann H. Kerr and
Eni G. Njoku of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 45 on the TSP Request Card.
NPO-17739
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High-Power Liquid-Metal Heat-Transfer Loop

A permselective barrier would sustain a high differential pressure and a consequent

high rate of pumping.

NASA'’s Jet Propulsion
Laboratory,
Pasadena, California

A proposed closed-loop system for the
transfer of thermal power would operate
at relatively high differential pressure be-
tween the vapor and liquid phases of a
liquid-metal working fluid. The higher dif-
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Pressure) Yu:-e\

7, 0/ y

Liquid
Channels
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TI7777 77777,
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Liquid (Low /
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The High-Power Liquid-Metal Heat-Trans-
fer Loop would resemble a "capillary-pumped”
liquid-metal heat-transfer loop except that the
electric field across a permselective barrier of
B alumina (instead of the capillary force in a
wick) would keep the liquid and vapor separate
at the heat-input end.

ferential pressure could be used to pump
the fluid at a higher rate, thereby increas-
ing the output thermal power. Inasmuch
as the system would contain no moving
parts, it should be highly reliable and well
suited to long-term unattended operation.

The system is based partly on the same
principle that underlies the operation of
heat pipes and capillary pumped loops. All
such heat-transfer loops are essentially
heat engines in which the sources are
slightly hotter than the sinks are, and the
power produced by the expansion of the
working fluid upon vaporization at a source
is consumed in pumping the fluid around
the loop. The term “‘capillary pumped loop™
is misleading in that the capillary force
does not pump the fluid: instead, it acts with-
in a wick to provide a meniscus that serves
as a barrier between the liquid and vapor.
One major disadvantage of a capillary-type
device is that the maximum differential
pressure it can sustain is determined by
the capillary force, and any attempt to in-
crease it is inhibited by the practical dif-
ficulty of making smaller pores and by the
tendency of small pores to become clogged
over a long time.

In the proposed loop, the wick would
be replaced by the combination of a por-
ous electrode and a permselective barrier.
In the version shown in the figure, the fluid
would be sodium, and the barrier material
would be 8 alumina solid electrolyte, which
conducts sodium ions (but not neutral
atoms) preferentially to electrons. The lig-
uid zone would be the low-pressure zone,
the vapor zone would be the high-pressure
zone, and heat from the source would be
transferred into the high-pressure zone
near the porous electrode.

A positive electric potential (with respect
to the porous electrode) would be applied
to the liquid side of the 8 alumina elec-
trolyte, giving rise to an electric field in the
electrolyte that would tend to force sodium

NASA Tech Briefs, May 1991
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ions from the liquid toward the vapor zone.
This effect would oppose the differential
pressure, which would otherwise force
ions from the vapor zone back toward the
liquid zone. Thus, if a suitable voltage were
applied, the electrolyte-and-electrode com-
bination would keep the liquid and vapor
apart, playing the same role as that of the
meniscus in a capillary device. In this de-
vice, however, the maximum sustainable
differential pressure would be limited on-
ly by the strength of the electrode and solid
electrolyte, and these parts could be made

as thick as necessary to withstand the dif-
ferential pressure required for pumping at
the desired rate.

In addition, the electric potential could
be varied to control the rate of pumping;
a larger potential would produce a larger
rate. If the applied potential were larger
than required for the pressure balance at
a given combination of input and output
temperatures and rate of flow, then the ex-
tra potential would exert an extra pump-
ing effect that would increase the rate of
flow until a new pressure balance was

reached.

This work was done by Pradeep Bhandari
and Toshio Fuijita of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 11 on the TSP Request Card.

This invention is owned by NASA, and
a patent application has been filed. In-
quiries concerning nonexclusive or ex-
clusive license for its commercial develop-
ment should be addressed to the Patent
Counsel, NASA Resident Office-JPL [see
page 18]. Refer to NPO-18034.

Mixed-Gas Sorption Joule-Thomson Refrigerator

Features would include relative simplicity, less required power, and no vibration.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A proposed mixed-gas sorption Joule-
Thomson refrigerator would provide cool-
ing down to a temperature of 70 K. A typical
prior Joule-Thomson refrigerator included
multiple stages of chemisorption and/or
physisorption, each containing a single gas.
The proposed mixed-gas Joule-Thomson
refrigerator would include only one stage
and no mechanical compressor. Thus, the
new refrigerator would be simpler, would
operate without vibrating, and would con-
sume less power in producing the same
amount of cooling.

The concept of using a single stage and

mixed gases to obtain the amount and de-
gree of cooling that would otherwise re-
quire multiple stages of single-gas sorp-
tion and Joule-Thomson expansion is based
on prior research in the enhanced Joule-
Thomson effect in some dual-gas mix-
tures. For example, as described in a British
patent published in 1973, the addition of
hydrocarbons to nitrogen increases the
Joule-Thomson cooling tenfold.

In the proposed refrigerator, the work-
ing fluid — a mixture of propane, methane,
ethane, nitrogen, and neon gases — would
be circulated by two physisorption com-

38 Circle Reader Action No. 440

pressors that would be alternately heated
and cooled between temperatures of 275
and 500 K. At the stage of operation il-
lustrated in the figure, the hydrocarbon
gases would be preferentially adsorbed
from the gas mixture entering the left
physisorption compressor, while the less-
adsorbable nitrogen and neon would most-
ly pass through the sorbent to the void
space in this unit. At the same time, heat-
ing would drive the hydrocarbon gases out
of the sorbent in the right physisorption
compressor. The hydrocarbon gases
would push the nitrogen and neon, and
then some of itself out of the void space
in this unit and into a surge-volume
chamber, in which the gases would be
remixed.

From the surge volume, the mixture
would flow through two heat exchangers,
in which it would be cooled by the gas mix-
ture returning from the cold stage. Be-
tween the two heat exchangers, the gas
mixture flowing toward the cold stage
would be cooled further by a thermoelec-
tric device, causing the hydrocarbon gases
to begin to liquefy. The mixture would then
pass through the Joule-Thomson valve,
causing further cooling and liquefaction.
The boiling of the liquid would provide cool-
ing at 70 K in the cold stage, and the
evaporated mixture would return through
the heat exchangers and a low-pressure
surge volume to the cooler sorption com-
pressor. The combination of fluids remains
as a liquid even though the hydrocarbons
would individually freeze out if not in the
mixture.

The same sorption principle of opera-
tion may be applicable in a compressor
that would chemisorb oxygen or hydrogen
from a mixture with helium, neon, and/or
other nonreactive gases.

This work was done by Jack A. Jones,
S. Walter Petrick, and Steven Bard of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 10
on the TSP Request Card.

This invention is owned by NASA, and

NASA Tech Briefs, May 1991



Fast Computation + WYSIWYG Graphics + Programming + Debugger + X-Windows

When you add it all up

Fast 2-D and

3-D Graphics

v Strip charts

v Multiple
curves

v Postscript,
EPS, HPGL
output

v Extensive
annotation

v Zoom, pan,
move, rotate

v Perspective,
Ix'ge;:tp source

Matrix

Spreadsheet

v Edit matrices

v Cell by cell
operations

v Access math
functions

v Scrollable
window

v Cut, copy,
paste data sets

.math IS the Answer

Object-Oriented
Mathematics
v Algorithms opti-
mlg.xz;d for daﬁ: types
v 3-D matrices
v Strings, tables, lists
v 200+ built-in math
Sfunctions
O
pen
v Include your C or
Fortran
v Import your data
v Use ISI's MathScript
to add functions
Interactive
Script Debugger
v Source level
debugger
v Single step
v Break points
v Variable watch

X-Windows
User Interface

v Industry standard
v Pull-down menus
v Hypertext HELP
v Mouse clicks

v Pop-up forms

v Multiple windows
v Data dictionary

Manipulate your data with 100's of built-in functions. Develop new algorithms to find the answers you
really need. Plot your results to show the world what you've done. All without a single line of Fortran or C.

dows workstations. Xmath is the fastest math engine available today. Math
functions, WYSIWYG 2-D and 3-D graphics, numerical programming, and
a Modif interface are combined into an integrated engineering/scientific
manipulate your data without writing a single line of code.

Xmath was designed to let you develop your own function libraries. With
the built-in MathScript™ language, you can develop and debug numeri-
cal algorithms 10 to 100 times faster than with Fortran or C. The object-
oriented nature of MathScript lets you capture 100's of lines of Fortran in
a single command! And the friendly Motif user interface allows you to
work with Xmath through pull-down menus, pop-up forms, and mouse
clicks. Advanced function libraries written in MathScript are available

for control design and signal processing.

Instead of spending your valuable time hacking out Fortran code, give us
a call at 1-800-675-MATH and we'll send you a FREE Xmath Demo
Diskette for workstations. The diskette will convince you that Xmath
is the best mathematical computation and graphics tool
available.

3260 Jay Street

INC.  Santa Clara, California 95054
Tel: (408) 980-1500 ® Fax: (408) 980-0400

© 1991 Integrated Systems, Inc. Al rights reserved. Xmath and MathScripe are trademarks of |




Questions about

Pressure
Control?

. pressure regulators and valves ps
comrolﬁ'omsubatmoupheﬂcmls.DOOPSIG!
Omsomdandmodels-roptim
Chmcesmdudemateria]s,

CORPORATION m‘612)44l-6330

Heated Physisorption
Compressor
Temperature = 375 K,
Pressure = 3.0 atm

Cooled Physisorption
Compressor:
Temperature = 275 K, Noid

Pressure = 1.5 atm .-’/&xoem

CoHg Pushes __~ \:
N2+ Ng First = - /4

|

High-Pressure
Surge Volume
(Mixing
Chamber)

Low-
Pressure
Surge
Volume

Gases Mixing:
0.4CoHg + 0.4Np + 02N,

WAt

Mixed Gas Out

Heat
Exchangers
Thermoelectric / >

Cooler 190 K

NOlSZ-‘-d@nO‘BS check valve.

Circle Reader Action No. 545
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The Mixed-Gas Joule-Thomson Refrigerator would have only one
two-compressor stage of physisorption and no mechanical compressor.

a patent application has been filed. Inquiries concerning
nonexclusive or exclusive license for its commercial develop-
ment should be addressed to the Patent Counsel, NASA
Resident Office-JPL [see page 18]. Refer to NPO-17569.

Accounting for Nonlinearity
in a Microwave Radiometer

Temperature is assumed to vary quadratically
with the reading.

NASA’s Jet Propulsion Laboratory,
Pasadena, California

A simple mathematical technique has been found to
account adequately for the nonlinear component of the re-
sponse of a microwave radiometer. The underlying math-
ematical concept is not limited to this radiometric application;
it is applicable to other measuring systems in which the re-
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:: : dratic calibration curve for a radi-
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i resent measurements of 7,and

Ri R2Rg R4 Rs
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lationships between the quantities to be
determined and the readings of the instru-
ments differ slightly from linearity.

The nominal linear relationship between
the microwave temperature T (which is the
quantity to be determined) and the reading
R of the radiometer is T = A+ BR, where
A and B are calibration constants that can
be determined by taking readings of cali-
bration sources at two known tempera-
tures. To account for the slight nonlineari-
ty that is encountered in practice, it is
assumed that the temperature varies quad-
ratically with the reading:

T = A+BR+CR?

Here, A and B have values slightly different
from the values that they would have if the
linear equation were used, and C is a new
calibration constant that must be obtained
from additional readings.

The following five-reading calibrating-
and-temperature-measuring procedure
based on the quadratic equation enables
one to determine A, B, C, the temperature
T, of the body under observation, and the
temperature T, of a diode noise source in
the radiometer (see figure):

1. With the noise diode turned off, obtain
reading R, by using the radiometer to
measure the temperature of a calibration
source at known temperature T,.

2. With the noise diode off, aim the radiome-
ter at the body under observation, obtain-
ing reading R, for unknown temperature
T

3. Tﬁm the noise diode on and again aim
the radiometer at the body under observa-
tion, this time obtaining reading R; for
unknown temperature 7, = T,+T,..

4. Turn the noise diode off and obtain read-
ing R, from a second calibration source
at known temperature 7,.

5. Still using the second calibration source,
tumn the noise diode on and obtain reading
Rg at temperature 75 = T,+T,,.

The solution of the quadratic equations
for the five readings yields the following
equations for the desired gquantities:

_ R-R R+
Rg—Ry—Ra+h,
-1

C=—5—F——"—
A ~R~(Ry~Ry)D

B=-CD

A = T,—BR,—CR?

T, = A+BR,+BR?
T,=A+BR;+CR3-T,

This work was done by Charles T.
Stelzried of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, Circle 143 on the TSP Request Card.
NPO-17451
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Books and Reports

Thesereports, studies, handbooks are avail-
able from NASA as Technical Support Pack-
ages (TSP's) when a Request Card number
is cited; otherwise they are available from
the National Technical Information Service.

Laser Spectroscopic
Measurement of

Temperature and Density

Development of techniques
for measuring fluctuations in
turbulent flows of air is
reported.

A report discusses research on the use
of laser-induced fluorescence in oxygen
and Raman scattering in air for the simul-
taneous measurement of the temperature
and density of air. The major intended ap-
plication of these laser spectroscopic tech-
niques is measurement of fluctuations of
temperature and density in hypersonic
flows in wind tunnels.

In the laser-induced-fluorescence
technique, a pulsed ArF laser operating at
a wavelength of 193 nm selectively excites
one or more rotational spectral lines of
O,. The resulting fluorescence energy is
proportional to the relative population of
the selected initial energy state of the
molecules (which population depends on
temperature) and to the density of the air.
The fluorescence takes place within a few
picoseconds. The same laser beam used
to excite the fluorescence gives rise to
Raman scattering proportional to the den-
sity. Thus, the intensity of the Raman-scat-
tered light indicates the density, while the
ratio between the intensities of the fluores-
cence and the Raman-scattered light in-
dicates the temperature.

The development of the laser-induced-
fluorescence technigue included the fol-
lowing steps:

1. Comparison of laser-induced fluores-
cence O, with other radiative processes
excited in air by a broadband ArF laser;

2. Evaluation of the conditions that reduce
the interferences of these processes with
the measurement of temperature;

3. Development of a theoretical model of
laser-induced-fluorescence, to be used
in deducing the temperature from the
fiuormenoe signal following each laser

Aaxmansmotthepfedictedandexper
imentally determined dependence of the
fluorescence signal upon temperature;

5. Assessment of the uncertainty associ-
ated with this technique under realistic
conditions of hypersonic flow; and

6. The demonstration of the technique in
slow, low-pressure, flows of cold air.
The development of the Raman tech-

nique included the investigation of the ef-

MACA Tarhk Qriate AMaw 1001

fect of tuning the narrow-band laser while
monitoring the intensity of the Raman signal
to detect resonances, estimation of the
Raman intensity under realistic flow con-
ditions, and the selection of the detection
system to be used in these measure-
ments.

The results of the research show that
if detection is limited by photon-statistical
noise, then at temperatures greater than
60 K and densities greater than 0.01 amagat,
the uncertainties in the measurements of
temperature and density can be less than
2 and 3 percent, respectively. The results
also show that under the conditions that

prevail in hypersonic wind tunnels, the
measurements are unaffected by the heat-
ing of the air by the laser, collisional quench-
ing, and (if the laser fluence is kept below
1.5 Jiem?) nonlinear effects associated
with multiphoton processes in O, and CO,,.
This work was done by Robert L.
McKenzie of Ames Research Center and
Gabriel Laufer of Analatom Inc. To obtain
a copy of the report, “‘Research and De-
velopment of a Laser Spectroscopic Tech-
nique To Measure Temperature and
Density in Turbulent Air Flows,” Circle 57
on the TSP Request Card.
ARC-12719

AdaMAT"

COST OF
YOUR Ada

REDUCE THE
EAECYCLE

PROJECTS.

AdaMAT DELIVERS VISIBILITY INTO THE
QUALITY OF Ada SOURCE CODE.

AdaMAT automates the collection. analysis. and reporting of
metrics for compilable Ada source code. including Ada as a Program
Design Language (PDL). Therefore. the benefit of measurement is not
out-weighed by the cost of collection. Quantitative reports assist you
in detecting. isolating. and correcting quality problems that impact the
reliability, maintainability, and portability of your Ada source code.

AdaMAT will help to minimize schedule slips and cost overruns
resulting from poor quality software by identifving the kinds of
problems your Ada code is likely to present during execution, main-
tenance. and porting.

AdaMAT has enjoyed wide use among all branches of the
military. More and more, AdaMAT is being specified by name to
address quality requirements of the DoD. Throughout the project life
cycle — from design to deployment and beyond. AdaMAT is the
QUALITY ANALYSIS TOOL OF CHOICE.

800-522-7321
Build Quality Into Your Ada Development.

DRC 2 RESEARCH
CORPORATION

Dynamics Research Corporation. 60 Frontage Road. Andover. MA 01810
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Making Solid Aromatic Polyimide Fibers

Under proper spinning conditions, voids are eliminated.

Langley Research Center, Hampton, Virginia

An improved wet-spinning process
makes aromatic polyamic acid fibers that
contain no voids and can be converted to
polyimide fibers that are also free of voids.
When made by prior wet-spinning process-
es, such fibers contain voids. The elimina-
tion of voids has been found to improve
tensile strength and other tensile proper-
ties. The improved polyimide fibers should
prove useful in protective clothing, sealing
materials, filters for harsh chemical and/or
thermal environments, and other applica-
tions that take advantage of their excellent
chemical resistance, high thermal stability,
and good tensile properties.

The polyamic acid is derived from 3,3/,
4, 4'benzophenone-tetracarboxylic dian-
hydride (BTDA) and 4,4 "oxydianiline (ODA).
This polyamic acid is dissolved in dimethyl
acetamide to make the spinning resin. In
wet spinning, the resin is poured into a
stainless-steel cylinder/piston assembly

and extruded through a spinneret into a co-
agulation liquid. The solidifying polyamic
acid filament, in what is called “wet gel”
form, is drawn through the coagulation lig-
quid onto a first set of cluster rolls, through
a water bath, over a second set of cluster
rolls, and onto a glass or stainless-steel
spool. The spooled wet gel filament is dried
in a forced-air or vacuum oven, then con-
verted to polyimide fiber by further heating
in a forced-air oven.

The major difference between the im-
proved process and older processes lies in
the choice of the compositions and con-
centration of the coagulation liquid, the in-
herent viscosity of the resin, the percent of
solids in the resin, and the diameter of the
filament to obtain a wet gel without voids.
Coagulation-liquid and water-bath temper-
atures and drying oven conditions, chosen
to assure good collapse of the wet gel into
fiber form, affect the production of solid

fibers to a lesser extent. Experiments have

shown that to produce solid (that is, void-

free) fibers in the coagulation bath, it is
necessary to provide the following condi-
tions:

* The resin should have a minimum inherent
viscosity of at least 1.6 dl/g and at least 15
percent solids.

* The coagulation liquid should be an aque-
ous solution of either 70 to 75 percent of
ethylene glycol or 70 to 80 percent of eth-
anol at a temperature of 20 °C.

* Filament diameters should generally be
kept below 50 pm.

This work was done by Anne K. St. Clair
and Robert M. Ely of Langley Research
Center and William E. Dorogy, Jr., of PRC.
For further information, Circle 64 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-14162.

Fast-Acting Rubber-to-Coated-Aluminum Adhesive

This strong adhesive makes clamping unnecessary.
Marshall Space Flight Center, Alabama

A cyanoacrylate adhesive used to join
rubber to coated aluminum is easier to apply
and more effective than was the neoprene-
based adhesive used previously. The neo-
prene-based adhesive had to be mixed from
two components, allowed to set, then mixed
frequently while it was applied. Two coats
were needed, and the final coat had to dry
for several hours before the mating parts
were put together. The parts were then
clamped together for 1 to 2 h. The old ad-
hesive bonded well in the laboratory but
failed repeatedly when used in a produc-
tion environment. Many times, the entire
length of the rubber fell off and had to be
rebonded.

The cyanoacrylate adhesive, in contrast,
is a one-part material that can be applied
in a single coat to aluminum that has been
treated previously with an epoxy primer and
a top coat. The parts can be mated as soon

R

as the adhesive has been applied; no dry-
ing is necessary. The adhesive sets in 5 min.
Optionally, an accelerator can be brushed
onto the aluminum to reduce the setting
time to 30 s. Clamping the parts together
then becomes unnecessary.

Specimens of rubber bonded to alumi-
num with the new adhesive were tested for
strength after exposure to room tempera-
ture, high temperature and high humidity,
subzero temperature, methyl ethyl ketone
vapor, and water. Peel-test specimens failed
in the rubber, showing that the bond was
stronger than the rubber itself was. In lap
shear tests, specimens failed in the primer,
showing that the bond was also stronger
than the primer and top coat were.

The adhesive comes in four formulations,
all based on ethyl cyanoacrylate with vari-
ous amounts of ethylene copolymer rubber,
poly(methyl methacrylate), silicon dioxide,

hydroquinone, and phthalic anhydride:

* Type | — toughened, medium viscosity,
black;

* Type Il — toughened, low to medium vis-

* Type lll — toughened, low viscosity, white;
and

* Type IV — toughened, high viscosity, clear
to slightly cloudy.

This work was done by Dawn A. Comer,
Howard Novak, and Mark Vazquez of Unit-
ed Technologies for Marshall Space Flight
Center. For further information, Circle 136
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-28434.

NASA Tech Briefs, May 1991



At Inco Alloys International,
you'll find the world’s widest
selection of high-nickel
alloys in the widest range of
forms and sizes. Rod, bar,
plate, sheet, strip, section,
pipe, tubing, wire, and com-
panion welding products. All
from one full-line manufac-
turer, all available through a
worldwide network of sales
offices and distributor
warehouses.

As the pioneers of nickel
alloy technology, our scientists
invented the alloys whose
trademarks are synonymous
with quality and performance
—MONEL, INCONEL,
INCOLQY, INCO, NIMONIC,
BRIGHTRAY, and NILO.

MORE HIGH-PERFORMANCE ALLOYS

IN MORE FORMS.

BECAUSE YOU KEEP FINDING
MORE JOBS FOR THEM.

These alloys offer superior

corrosion resistance, high-
temperature strength and
other special properties for
your most demanding appli-
cations, prolonging equipment
life and preventing costly
repair, replacement and
downtime.

A single source for the
properties and performance
you need, in the forms you
need, with the quality assur-
ance and traceability you
need, delivered where and
when you need them. Inco
Alloys International is the
only name you need to know.

Wrrite for a free copy of
our "Quick Reference Guide
Inco Alloys International, Inc.,

Huntington, West Virginia
25720. Or, for a quicker reply,
FAX us at (304) 526-5441.

MONEL, INCONEL, INCOLOY,
INCO, NIMONIC, BRIGHTRAY and
NILO are trademarks

of the Inco family

of companies.

INCO ALLOYS
INTERNATIONAL
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Performance
in a simple
low cost
design

NUPRO Plug Valves give you
the leak-free service and extra
benefits you’d expect from
more complex and expensrve PR O | 2%
valve designs. |

B Quick, 1/4 turn to full on or off

B Fast, easy maintenance with
replaceable plug

B Wide temperature tolerance from —10° to 400°F

B Pressures to 3000 psi

Plus Flexibility to Meet System Need's

B Choice of SWAGELOK Tube Fitting
or NPT end connections

W 1/8” to 1/2”, 6mm to 12mm

B Downstream venting

B Brass, 316 stainless steel,
carbon steel and a variety of
other machineable materials

B Choice of O-Rings for system
compatibility

B Throttling capability

B Flow directional handles

B TFE coated plug

Stocked and immediately
available from Authorized
Sales & Service Representatives

Patented

A SWAGELOK:* COMANY
NUPRO COMPANY
4800 East 345th Street
Willoughby, OH 44094

SWAGELOK — TM Crawford Fitting Company
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Tough, High- !‘
Performance,
Thermoplastic
Addition Polymers

A series of addition-type
thermoplastics exhibit
useful properties.

Langley Research Center,

Hampton, Virginia

The development of such toughened
high-performance thermosetting polymers
as toughened epoxies, bismaleimides
(BMI's), PMR polyimides, and acetylene-
terminated resins dominates the present
approach to the preparation of new poly-
mer composites. Of several possible
toughening methods, the synthesis of addi-
tion-type thermoplastics (AT T's) is consid- -
ered to be a very attractive approach.

An ATT is a polymer that has an addition-
curing reaction that leads to a linear mo-
lecular structure. It is nonclassical in that it
has similarities to two major classical cate-
gories: thermosets (addition curing with
crosslinked structures)and thermoplastics
(condensation-reaction curing with linear
structures). Because of their addition cur-
ing and linear structure, ATT polymers can
have toughness, like thermoplastics, and
can be easily processed, like thermosets.
Work was therefore undertaken to develop
a chemical reaction that forms stable aro-
matic rings in the backbone of an AT T poly-
mer, thereby combining high-temperature
performance and thermo-oxidative stabili-
ty with toughness and easy processibility,
and minimizing or eliminating the necessity
for the tradeoffs among properties often
observed in conventional polymer synthe-
Ses.

Tough, high-performance polyimides
were made by reacting triple bonds con-
jugated with an aromatic ring in bisethynyl
compounds with the active double bonds
in compounds that contained double
bonds activated toward the formation of
Diels-Alder type adducts, especially bis-
maleimides, biscitraconimides, benzo-
guinones, and mixtures thereof. (Addition
curing of these products produced highly
linear polymeric structures, and heat treat-
ment of the highly linear polymeric struc-
tures produced thermally stable aromatic
addition-type thermoplastic polyimides.)

©1986 SWAGELOK 0., 3l rights reserved  N-50fz
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New cars are expensive ... so is gas!
Let Tufoil® be your key to survival!

“TUFOIL*®
SLIPPERIER
THAN
TEFLON® ™

WHY BUY A NEW CAR?

A new car is one of life’s biggest
investments. Why not put off such a
big expense as long as possible and
at the same time, spend less to run
the car you now own? The money
you save is money in your pocket.

Tens of thousands of drivers are
already using Tufoil to “beat the
system’’. Here’s how it's done ... it's
simple!

ENGINES LAST & LAST

The normal life of an engine is usu-
ally about 100,000 miles, give or take
a few miles either way. This is no
longer the case. By adding 4 ounces
of Tufoil with each oil change,
together with an effective mainten-
ance program, 200,000 miles and
more are not uncommon. But that’s
not all!

Together with this extended engine
life are numerous benefits. For in-
stance, quick acceleration. One user
writes that his car ““Takes off like a
scared rabbit!”’

SILKY SMOOTH OPERATION

That’s just the beginning! Easy starts
and better gas mileage are soon
apparent due to the reduction in fric-
tion. Your engine is now free to run
smoooothly.

* Improved Mileagé
* Batter Performan®®
* Easiar Starting
* Increaged
Ngine Life
®duces Friction
X .S, Patents
More Pending
BF

X 7 L
Oz (287

One of our customers put it nicely
when he said, ‘“You can hear it, you
can feel it,”” with Tufoil in the engine.

PROVEN EFFECTIVE

Our files bulge with testimonials.
Customers not only call, but write to
us about their fantastic results!
They're telling friends and relatives.
As a matter of fact they're spreading

the news about Tufoil all over the
world.

It stands to reason, though. Tufoil is
s0 unique that even the United
States and Canadian governments
have confirmed it's effectiveness.
One report shows that Tufoil is ac-
tually slipperier than Teflon™!

NO TIME LIKE THE PRESENT

There’s never been a better time to
try Tufoil and prove to yourself and
your car that what everyone’s been
saying is really true! We think you’ll
find it’s one of the smartest decisions
you've made. In fact we’re so sure,
we guarantee it'll work. If you don't
agree, we’ll gladly refund your
$14.25, the cost of your initial 8
ounce treatment.

So why wait any longer? The sooner
you start, the better! If your car has
over 5-10,000 miles on it, now’s the
time to start! Use the order form
below to baby your car (and your
checkbook). You'll be glad you did!

ORDER TODAY
1-800-922-0075

The Alennative to expensive dniving!

FREE brochures . ..
O 30 Questions/Answers about TUFOIL

CFREE ... Products based on TUFOIL 16chnology. Ghec

one with each order of 2 botties or a quart. Check 2 for each

gallon order. Values range from $3.98 to $9.95.

O TUFOIL Gun-Coat — Super rust inhibited, smooth action

O TUFOIL Compu-Lube — Low viscosity for computer
mechanisms

O TUFOIL Lightning Grease — Easily sheared grease for

instruments
O TUFOIL Lubit-8 — General purpose, household use
lubricant

rush my TUFOIL order:

ONE 8 oz. bottle . . . treat one car for
$14.25 (plus $3.50 shipping and
handling). See money back
guarantee.

O TWO 8 oz. bottles . . . treat two cars
for $25.00 (plus $4.00 shipping
and handling) SAVE $6.00

O ONE Quart bottle . . . treat 4 cars
for $34.95 (plus $4.00 shipping
and handling)

O] ONE GALLON . . . treat 16 cars for
$125.00 (plus $6.00 shipping and
handling.)

We ship within days!
MONEY BACK GUARANTEE ON 8-0Z.

o Fluoramics, Inc. uraso?
18 Industrial Avenue

Mahwah, NJ 07430
My check or money order for § _____ is enclosed.
Charge my credit card:
1 Am. Express [Master Card
Card No.

Exp. Date
Phone No.
Name
Address
City
State Zip

(N.J. residents please add 7% sales 1ax).
Canadian Distributor: 1-800-363-7753

O Visa

LUPS Shigpiag Ad0res
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By varying the types and ratios of the
reagents, an entire series of thermoplastic
polyimides and composites (see table)
were produced.

Avariety of tests and comparisons were
conducted, using the new resins and com-
posites made with them. Single lap-shear
bond specimens were prepared and test-
ed, using titanium adherends. LaRC-RP8O0,
for example, showed significantly higher
adhesive properties than did state-of-the-
art bismaleimides. It was found to be signi-
ficantly tougher than the constituent poly-
mers are, and it ranked highest in toughness
among those bismaleimides that have
comparable glass-transition temperatures.
The neat LaRC-RP80 resin loses only 5 per-
cent of its weight at a temperature of
514 °C, representing the highest thermo-
oxidative stability of bismaleimides ob-
served to date. LaRC-RP80 also exhibited
outstanding resistance to moisture. Typi-
cal bismaleimides have equilibrium mois-
ture absorptions that range from 4 to 6 per-
cent. A value of 2.6 percent was obtained
for LaRC-RP80.

Thermo-oxidative Stabllity
it T T
Uptake of Moisture Percent Loss of at 5 Percent
Glass-Transition at 25 *C for Weight after Loss of Weight
Temperature, *C Weeks, 500 Hours at in Alr by
Dry Wet Weight Percent 232 *C In Air g c Analysis |
AS-47LaRC-RPS0 282 258 08 o 540
AS-4/LaRC-RPB3 215 206 05 0 520
AS-4LaRC-RPS7 312 280 08 0 560
AS-4/LaRC-RP56 s e 0S5 0 500
AS-4/LaRC-RPO8 287 285 09 0 536
AS-41aRC-RP2S 285 2% 04 05 514
AS-4/LaRC-RP101 310 289 08 02 585
AS-4/LaRC-RP100 305 190 28 04 500

Selected Graphite-Fiber/Polymer Composites show desirable combinations of properties.

Prepregs were prepared by winding
AS-4 unsized graphite yarn on adrum, then
brushing on the resin. The quantity of the
resin solution was calculated to yield fin-
ished composites containing 60 volume
percent fiber. Ten composites were made
by this procedure, using various resins.
The table gives the properties of the com-
posites. These resins are expected to find
utility in a wide variety of aerospace and in-
dustrial applications, including the prepa-
ration of molding compounds, adhesive
compositions, and polymer-matrix com-
posites.

Polyamide-Imides Made From BTDA

Mechanical properties are better than those of the LARC-TPI polyimide.
Langley Research Center, Hampton, Virginia

A new synthesis results in an improved
class of tough, thermally stable polyimides
containing amide linkages. The new poly-
amide-imides are potentially useful as ma-
trix resins in graphite-reinforced struc-
tures, and as fibers or coating films that
can withstand high temperatures.

The synthesis of a polyamide-imide of
the new type (see figure) begins with the
reaction of isomers of diaminobenzanilide
(DABA) with 3,3'4,4benzophenonetetra-
carboxylic dianhydride (BTDA). The re-
sulting polyamide-acid is then thermally
converted to the polyamide-imide. In ex-
periments, the initial reactions were car-
ried out in a closed vessel at room temper-
ature at 15 to 20 percent solids content in
N,N-dimethyl acetamide (DMAC). The solu-
tions were stirred for about 4 hours after all
the BTDA had dissolved in the DMAc. The
polyamide-acid solutions were stored in a
refrigerator until thermal conversion to the
final polymers. For comparison, the poly-
imide LARC-TPI was synthesized by the
same procedure from 3,3'4,4"-BTDA and
3,3"-diaminobenzophenone. (LARC-TPI
was chosen as a standard of comparison
because it has a similar molecular struc-
ture and is already well known.)

Film specimens of the experimental pol-
yamide-acids were cast from solution.
Other specimens were prepared as pow-
ders, which were then molded and cut into
specimens for tension and fracture-tough-
ness tests. The film and molding speci-
mens were heated to convert them to the

48

final polyamide-imides. Chemical, thermal,
and mechanical properties of the speci-
mens were then measured.

The new polymers were found to have
high glass-transition temperatures, high
thermal and oxidative stability, and high re-
sistance to organic solvents (other than
DMAC) and water. Polymers based on un-
substituted amide diamines were also ob-
served to exhibit high inherent viscosities,
and were easily made into tough, flexible
films. However, films of N-methyl substi-
tuted amide-imides were brittle, and one of

This work was done by Ruth H. Pater, K.
Mason Proctor, and John Gleason of
Langley Research Center, Cassandra
Morgan of PRC-Kentron, and Richard Par-
tos of Analytical Services and Materials,
Inc. For further information, Circle 67 on
the TSP Request Card.

This invention is owned by NASA, and a
patent application has been filed. Inquiries
concerning nonexclusive or exclusive
license for its commercial development
should be addressed to the Patent
Counsel, Langley Research Center [see
page 18]. Refer to LAR-10000.

them even exhibited signs of solubility.

Overall, the thermomechanical properties
of the experimental polyamide-imides were
similar or superior to those of LARC-TPI. A
notable exception was the one synthesized
from 4,4-DABA/BTDA, which exhibited a
very high tensile modulus and evidence of
being semicrystalline.

This work was done by James F. Dezern
of Langley Research Center. For further
information, Circle 59 on the TSP Request
Card. LAR-13942
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If you don’t nm.mmmmmu
meets your needs, call COSMIC directly for a free

Computer Programs

These programs may be obtained at a very
reasonable costfrom COSMIC, a facility spon-
sored by NASA to make computer programs
available to the public. Forinformation on pro-
gram price, size, and availability, circle the
reference number on the TSP and COSMIC
Request Card in this issue.

Surface-Shading Program

Wire-frame, shaded,
and function-mapped parts
can be created interactively.

The Surface Shading computer program,
SURF, was developed in support of the
work of Computational Fluid Dynamics
(CFD) scientists at NASA Ames Research
Center. SURF is part of the CFD graphics
software. SURF accepts input in the form
of grid and solution files that would other-
wise normally be fed to Ames Research
Center's version of the PLOT3D software
from ““flow solver”’ programs. SURF inter-
actively creates wire-frame, shaded, and
function-map parts that can be viewed and
then transferred to Ames Research Graphic
(ARCGRAPH) standard files, which can be
animated with GAS (COSMIC Program ARC-
12379).

Such “flow solver” programs as INS3D
(COSMIC Program ARC-11794) solve the
equations of higher order that govern the
characteristics of flight according to the
“'grid"" specifications of the test geometry
(eg., forward swept wing model with sur-
rounding airspace) and simulation condi-
tions (eg., angle of attack, mach number,
and Reynolds number). The numerical solu-
tion data thus generated are collected and
converted to graphical images of flows,
pressure distributions, shock waves, and
particle traces via the Ames PLOT3D graph-
ics package.

NASA Tech BRriefs. Mav 1991

&« Computer Programs

review of programs in your area of interest. You
can also purchase the annual COSMIC Software
Catalog, containing descriptions and ordering in-
formation for available software.

COSMIC is part of NASA's Technology Utiliza-
tion Network

COSMIC® — John A. Gibson, Director,

(404) 542-3265

The University of Georgia, 382 East Broad Street,
Athens, Georgia 30602

Although not meant as a substitute for
Ames PLOT3D, SURF accepts the PLOT3D
input files and provides interactive, mouse-
driven manipulation of the resuiting graphi-
calimages. The mouse-driven menu inter-
face in SURF enables the user to create
models that consist of mixtures of different
types of parts (including gouraud and
smoothly shaded function-mapped parts)
that can be interactively viewed, deleted,
or put out to ARCGRAPH files.

The color and the specular highlights of
gouraud-shaded parts can be adjusted in-
teractively. Shaded parts are created based
on sources of light, points of view, and levels

M Specmaster can be
NETWORKED on a

information. In MD
301-590-2300.

NETBIOS-compatible PC-LAN.

B Call 800-638-8094 for a
demonstration or additional

Only Specmaster gives you
full-text Mil-Specs,NAS, SAE
and ASTM standards lus
vendor catalogs on CD-ROM

B Now you can search, retrieve, review and print
government and industry standards and vendor
catalogs with computer speed and ease.

M DOD-listed file is UPDATED WEEKLY! (50,000
military and federal specmcatlons standards, QPLs,
DIDs, handbooks, etc.)

|
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1200 Qulnce Orchard Blvd., Gaithersburg, MD 20878
Circle Reader Action No. 415
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in a series of hard-nosed

questions about software
for signal analysis.

TurboLab is a new menu-driven
modular software system for signal
analysis that’s faster than anything
on the market today: perform a power
spectrum (FFT, Magnitude) with
4K input samples in 1.5 seconds
using a 386/33 with coprocessor!
TurboLab is also better and less
expensive than competitive software
systems! Check it out!

Call or FAX today for a free trial
disk and more information.

SCE\TEC

800 West Cummings Park « Woburn, MA 01801
VOICE: (617) 935-1770 « FAX: (617) 935-3054

Circle Reader Action No. 595

of ambient light specified by the user. In ad-
dition, the color spectra of function-mapped
parts can be adjusted interactively. Legends
can be created to show correlations of color
and normalized values of functions (ie.,
pressure, density, temperature, and mach
numbers). Function-mapped parts can be
“clipped” in such a way that they show only
contours within specified ranges of values.
Other features of SURF include the ability
to work with several grids and solutions,
deletion of grids and/or solutions, support
of multigrid files, blanking out the pictures
at specified grid points, reading of “planes”
or “whole" format files, screen-dump in-
put and output of picture-element files,
displays of current grid and part-attribute
data, and escape to or from a UNIX soft-
ware shell.

SURF was developed for the Silicon
Graphics IRIS 2000/3000-series worksta-
tions running UNIX. The workstation should
have at least 4 MBytes of memory, 32 bit
planes, z-buffering and z-clipping, and float-
ing-point-hardware support. SURF was writ-
ten in the C programming language and re-
quires the Silicon Graphics “include” files
(eg., stdio.h, gl.h). SURF can be purchased
separately or in a package (COSMIC Pro-
gram COS-10020) also containing GAS and
Ames Research Graphics Systems AR-
CGRAPH (COSMIC program ARC-12350).
SURF was developed in 1988.

Drive Your Designs
Through JPS

For more information, write:

JPS Elastomerics Corp., Industrial Products Division
Northampton, MA 01061-0658 413-586-8750

Urethane Tubing from JPS

Elastomerics delivers the perfor-

mance and the aesthetics to

enhance any design. It’s kink

resistant, flexible to -65°F.,

with twice the bursting strength

of vinyl!

Just compare these features:

[ Flexibility

[ Chemical and Temperature
Resistance

[ Variety of Durometers

[ Range of Colors

[J Heat Resistance

neti
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This program was written by Todd Plessel
of Sterling Software for Ames Research
Center. For further information, Circle 42
on the TSP Request Card.

ARC-12381

Ada Namelist Package

This program accom-
modates different kinds

of variables and
mismatches between lists.

The Ada Namelist Package, developed
for the Ada programming language, ena-
bles a calling program to read and write
FORTRAN:-style namelist files. A namelist
file consists of any number of assignment
statements in any order. Features of the
Ada Namelist Package are as follows: the
handling of any combination of types de-
fined by the user; the ability to read vec-
tors, matrices, and slices of vectors and
matrices; the handling of mismatches be-
tween variables in the namelist file and
those in the programmed list of namelist
variables; and the ability to avoid searching
the entire input file for each variable.

The principal benefits derived by the
user from this software are the following:
the ability to read and write namelist-read-
able files, the ability to detect most file er-
rors in the initialization phase, and an
organization that keeps the number of in-
stantiated units to a few packages rather
than to many subprograms.

The Ada Namelist Package program is
organized similarly to the TEXT__IO pro-
gram. The package itself is nongeneric. The
nongeneric opening portion declares a va-
riety of constants accessible to the user,
variables, and subprograms for initializing
a namelist, reading and writing strings, and
diagnosing errors. Following the opening
portion are a group of nested generic pack-
ages for reading and writing (1) variables
of types defined by the user, including in-
teger, floating-point, fixed-point, and enu-
meration; and (2) arrays including vectors,
matrices, and slices of vectors and matrices.

The source code is available as ASCII
text files on a 360K, 5.25-in. (13.3-cm) flop-
py disk written on an IBM/AT personal com-
puter running under PC DOS, v. 3.1. The
size of the largest file is 91,551 bytes. The
software was developed using VAX Ada,
v. 1.5 under DEC VMS, v. 4.5. It should be
portable to any validated Ada compiler, and
it should be executable either interactive-
ly or in batch. The software was developed
in 1989.

This program was written by Allan R.
Klumpp of Caltech for NASA’s Jet Pro-
puision Laboratory. For further informa-
tion, Circle 141 on the TSP Request Card.
NPO-17984
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Calculation of Aeroelastic Transients Using Euler Equations
Conforming grids facilitate calculations of flows about changing shapes.

Ames Research Center, Moffett Field, California

Amethod for the calculation of transient

aeroelastic effects on airplane wings is % \\“‘Wﬁ] ”'”w 1 " / [ / I I// / // e
based on the Euler equations of flow. IH / 1| | /] i ,//, //,‘ 7\
Aeroelasticity plays an increasingly impor- i I il

tant role in the design of modern aircraft,
which tend to be flexible for high maneu-
verability. Because wind-tunnel experi-
ments in aeroelasticity are much more ex-
pensive than are experiments that involve
only flows about rigid models, the advance-
ment of the capability to compute aero-
elastic effects can reduce considerably
the cost of developing an aircraft.

In establishing the mathematical foun-
dation for the new method, the Euler equa-
tions of flow are formulated in strong-
conservationdaw form to provide for the
numerical capturing of shocks. To en-
hance numerical accuracy and handle
boundary conditions more easily, the Euler
equations are transformed to general cur-
vilinear coordinates. The governing equa-
tions of aeroelastic motion of a flexible
wing are obtained via the Rayleigh-Ritz
method, in which the aeroelastic displace-
ments are approximated by a finite set of
assumed modes. The contribution of each
mode to the total motion is derived by
Lagrange's equation. Furthermore, it is
assumed that the deformation of the con-
tinuous wing structure can be represented
by deflections at a set of discrete points.
This assumption facilitates the use of
discrete structural data, such as the modal

L/"///}/Mfm 1l \

UNDEFORMED

DEFORMED

The Computational Grid changes to conform to the surface of the wing as the wing deforms in
a pitching motion, as shown in this cross section viewed along a wing.

stiffness matrix and the modal mass ma-
trix. These data can be generated by a
finite-element analysis or from experimen-
tal influence-coefficient measurements.

The procedure for the solution of the
equations of flow is based on the implicit
diagonal algorithm, which in turn is based
on a finite-difference scheme suitable for
time-accurate computations on dynamic
grids. The coupled flow and modal struc-
tural equations of motion are solved by use
of a simultaneous-integration technique
based on the linear-acceleration tech-
nique. Dynamic grids that adapt to the de-
forming shapes of the wing (see figure) are
generated by an algebraic grid-generation
scheme.

The method was used to predict the un-
steady flows about a semi-infinite rectan-

gular wing oscillating in a pitching mode
and about a wall-mounted cantilever rec-
tangular wing oscillating in the first bending
mode. Aeroelastic responses were com-
puted by use of modal data generated by
the finite-element method. The predictions
agreed well with experimental data.

This work was done by Guru P.
Guruswamy for Ames Research Center.
Further information may be found in AIAA
paper A88-33775, "Time-Accurate Un-
steady Aerodynamic and Aeroelastic Cal-
culations of Wings Using Euler Equations.”

Copies may be purchased [prepayment
required] from AIAA Technical Information
Services Library, 555 West 57th Street,
New York, New York 10019, Telephone
No. (212) 247-6500.

ARC-12351

Estimating Liquid and Gas Contents in a Tank
Quantities would be inferred from temperatures and pressure changes.

Lyndon B. Johnson Space Center, Houston, Texas

A general approach to the estimation of
the amounts of liquid and gas in a tank is
based on measurements of pressure per-
turbations and temperatures and the use
of the thermodynamic relationships among
pressures, temperatures, and volumes. Al-
though this approach is approximate and
indirect, it is advantageous where such di-
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rect and precise methods as the observa-
tion of a stationary liquid/gas interface in a
gravitational field cannot be used. The ther-
maodynamic approach can be used in the
presence or absence of gravitation or ac-
celeration, and regardiess of the numbers,
shapes, and movements of liquid/gas inter-
faces in the tank. It could also be useful

where the liquid may be stationary but too
hazardous to permit direct observation.
Usually, the quantity that one seeks to
determine is the volume of liquid in the
tank. In this approach, one determines the
volume of gas, then subtracts it from the
known total volume of the tank to obtain the
volume of liquid. To measure the volume of
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gas, one induces perturbations AV in the
total volume V, thereby inducing perturba-
tions AP in the total pressure P. Then the

volume of gas can be computed from
Voas = —NPAV/AP

where n depends on the amount of heat
transferred between the gas and its sur-
roundings during the compression and ex-
pansion phases of AP and AV. The value of
n can range from a low of 1 (as in isother-
mal compression and expansion) at small
AV to a high equal to the ratio of specific
heats of the gas (as in adiabatic compres-
sion and expansion — a typical high value
of 1210 1.6).

The volume displacement or perturba-
tion AVand its rate must be large enough to
yield uceful AP readings in the face of en-
vironmental effects, but not so large that
the readings are degraded by acoustical
noise and limitations of the sensors. A
practical choice would lie between these
extremes and would result in a value of n
between the isothermal and adiabatic ex-
tremes. The relationships among AP, AV,
and V__.could be determined theoretically,
by ca‘{asratlon measurements on known
volumes of liquid and gas, or both.

The Bellows Would Be Al-

ternately Compressed and
Expanded to make the vol-

Tank Containing
Liquid and Gas

ume of the tank fluctuate.
The corresponding fluctua-
tions in pressure would be
measured and used to deter-
mine the volume of gas and
liquid in the tank.

The general method can be implement-
ed in a variety of ways, depending on the
type of liquid and the conditions of opera-
tion and design of the tank system. For ex-
ample, as shown in the figure, the volume
perturbations could be produced by a
small bellows alternately compressed and
expanded by a motor. The displacement
would be < 1/1000 of the total volume of
the tank. The frequency of displacement
could be several cycles per second, but
could range several orders of magnitude
above or below this value, depending on
the type and sophistication of the in-

struments in the system.

This work was done by Richard T. Walter
of Johnson Space Center and Paul Van
Buskirk, William Weber, and Richard
Froebel of Lockheed Engineering and
Sciences Co. For further information, Cir-
cle 116 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, Johnson Space Center [see page
18]. Refer to MSC-21500.

Computing Gravitational Bumps From Repeating-Orbit Data

An iterative algorithm exploits sparse-matrix techniques.
NASA’s Jet Propulsion Laboratory, Pasadena, California

An iterative, least-squares algorithm ef-
ficiently computes estimates of both posi-
tion errors indicative of the irregularities in
the gravitational field of the Earth and the
trajectory of a satellite in an orbit that re-
peats along the same ground track. Such
estimates are useful in surveying, naviga-
tion, and geophysical research. The algo-
rithm is particularly useful for processing
data on the trajectory of a satellite in a low
orbit that is tracked via the Global Position-
ing System (GPS).

The method is based on the repeat or-
bit technique in which the position of a low
Earth orbiter as a function of time is de-
scribed as the sum of two parts: the first
part being an adjustment to the epoch state
mapped to current time, the second part
being a correction to the position to ac-
count for gravity mismodeling. Let r (t ) be
the adjustment to the current position; we
have

rit) = _r0+ — v0+6(t)

where 1, is the ad;ustment to the epoch
position, v, is the adjustment to the epoch
velocity, and &(t) is the term representing
the gravity perturbation. At discrete meas-
urement times, this correction will be called
the *“Gravity Bin'’ parameters. The epoch
time is using the nominal force model.
The algorithm is intended for use in cal-
culating the gravity-bin parameters from
measurements of the positions of a satellite

52

The Measurement Matrix for
multiple long arcs divided into
subarcs has a block structure.
For clarity, only two arcs of two
subarcs each are shown here.
The general case involves arcs
ranging in number from 10 to i

100. The number of subarcs in
each arc ranges from 10 to 127.
The matrix is, therefore, very
sparse. With proper care, an

algorithm can take advantage of
this sparseness to reduce the
amount of calculation.

along multiple long arcs (typically, repre-
senting time spans of 10 days) that are
divided into subarcs. The algorithm exploits
the sparse block structure of the measure-
ment matrix (see figure). First, it sets the
gravity-bin parameters equal to zero and
estimates such arc-dependent parameters
as those of the epoch states. This is done
arc by arc and typically involves the estima-
tion of a few hundred parameters. The solu-
tion is then subtracted from the observed
values to get a new set of measurement
residuals. The residuals from multiple arcs

are combined, and the gravity-bin parame-
ters are estimated. In this step, the arc-
dependent parameters are fixed. The num-
ber of parameters estimated at one time
is typically a few hundred, assuming that
the long arc is partitioned into subarcs of
time spans of about 2 h.

Once the gravity-bin parameters are
estimated, they are subtracted from the
measurement residuals. Then the steps are
iterated by fixing the gravity-bin parameters
and reestimating the arc-dependent pa-
rameters, subtracting the solution from the

NASA Tech Briefs, May 1991



residual, fixing the arc-dependent parame-
ters and reestimating the gravity-bin pa-
rameters, and subtracting the solution from
the residual. This completes the second
round of computations. The iteration is re-

peated until convergence is achieved. At
that time, the residuals consist mostly of
data noise and any systematic errors not
represented in the mathematical model.

This work was done by Jiun-tsong Wu,

Sien-Chong Wu, and William I. Bertiger of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 26
on the TSP Request Card.

NPO-17925

Jig for Compression-Relaxation Tests of Plastics
Specimens can be tested in immersion or otherwise manipulated away from the compression tester.

Lyndon B. Johnson Space Center, Houston, Texas

An improved jig facilitates tests of the
long-term compression-relaxation proper-
ties of plastics. Such tests are useful in
quantifying some of the time-dependent
properties of polymers, in investigations of
the effects of aging, and in ascertaining
the service lifetimes of polymeric compo-
nents.

The jig is designed to accommodate the
high moduli of elasticity of some plastics;
it is intended in part to replace prior equip-
ment that is unusable because it was de-
signed for testing rubbers, which have low
moduli of elasticity. Unlike other equipment
designed for long-term tests of plastics, the
jig can be removed from a compression-
testing machine during a test and immersed
in a test fluid. This feature is particularly
desirable in testing a polymer that is to be
made into compression seals in contact
with the fluid. The load on the specimen
can be measured at intervals by remov-
ing the jig from the fluid, placing it in the
compression-testing machine, and obtain-
ing a force-versus-time trace.

The procedure for use of the jig is the
following:

1. Choose the dimensions of the unclamped,
uncompressed specimen in conjunction
with those of the jig and the top and bot-
tom plates in it (see figure) so that when
the specimen is subsequently fully
clamped in the jig, with the thrust plate
resting on the housing, the specimen will
be compressed to the desired degree.

2. Cut the specimen to the chosen length,
and place it in the jig between the top and
bottom plates, without compressing or

clamping.

3. Install the removable linear variable-
differential displacement transducers, and
place the jig in the compression-testing
machine, with the plunger mounted in

1 mm per minute, and activate the ma-
chine, taking a force-versustime trace.
5. As soon as the thrust plate comes to rest
on the housing and the displacement
transducers indicate that the top plate is
beginning to separate downward from the
thrust plate, stop the compression-testing
machine at that position, measure the
compression force, and install the bolts
that clamp the thrust plate on the hous-
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The Compression-Relaxa-
tion-Testing Jig holds the
specimen in compression
when it is removed from the
compression-testing ma-
chine, yet allows the com-
pression force on the speci-
men to be measured when it
is on the machine.

ing. The clamped thrust plate will main-
tain the compression force on the speci-
men after the machine is backed off.

6. Remove the jig from the compression-
testing machine, remove the displace-
ment transducers from the jig, and im-
merse the jig in the test fluid (if any) dur-
ing the specified testing time.

7. To monitor the relaxation of force as a
function of time during the test, remove
the jig from the fluid at intervals, place it
in the machine (keeping the specimen

time, there should be a “knee” in the
force-versus-time curve at the point where
the specimen starts to be compressed far-
ther and the top plate separates from the
thrust plate measured by the pressure
transducers. When the knee and separa-
tion are reached, stop the machine at this
the jig as before and put it back into the
fluid, to remain there until the next meas-
urement. Typically, the relaxed compres-
sion force, measured at a given interval
is reported as the ratio between that
measurement and either the initial meas-

urement or else the measurement at a
reference time of, say. one-half hour.

Because the displacement transducers
are removed before immersion, this testing
technique can be used with electrically
conductive as well as nonconductive test
fluids. In that the jig does not have to re-
main in the compression-testing machine
throughout the test, this testing technique
differs from a standard technique of the
American Society for Testing and Ma-
terials. This feature offers two advantages
in addition to those already mentioned:
one is that it is possible to recalibrate the
load cell in the compression-testing ma-
chine during long tests; the other is that
by use of multiple jigs, one can perform
simultaneous long-term compression-re-
laxation tests on muitiple specimens with
a single compression-testing machine.

This work was done by Richard M.
Shelley, James A. Daniel, and Ralph M.
Tapphorn of Lockheed Engineering &
Sciences for Johnson Space Center. No
further documentation is available.
MSC-21674



Calculating Transient Vibrations of Coupled Substructures

Equations of motion of each substructure are solved independently.

Marshall Space Flight Center, Alabama

A finite-element, numerical-integration
method for estimating the transient vibra-
tional response of a structure composed
of coupled substructures entails less com-
putation than has been needed in previous
methods. The method is applicable to any
number and configuration of linearly re-
sponding substructures and to both deter-
minate and indeterminate boundary con-
ditions at interfaces between substructures.

With little or no additional difficulty, the
method is also applicable to changing in-
terface boundary conditions.

In a typical vibrational-response prob-
lem, a structure can have several thou-
sand degrees of freedom, and it is imprac-
tical to solve the thousands of equations
of motion by direct numerical integration.
Heretofore, the standard procedure to over-
come this obstacle has involved the follow-

Circle Reader Action No. 306

Forces Applied
Externally to
Substructure A

E Forces Applied
mm——
| Externally to

Interfacial Forces
4 :Substructure B

The Responses of Substructures to ex-
ternal forces and to the forces of inter-
action between substructures are com-
puted in the present vibration-analysis
method. In previous methods, the re-
sponse of the entire structure (requiring
many more equations) was computed.

ing procedure: First, one computes the vi-
brational modes and frequencies of the
entire structure by solving an eigenvalue
problem (this is still a major problem). The
modes are then used to transform from
the original discrete physical coordinates
to new modal coordinates. Next, in an ap-
proximation, the number of equations is
reduced by truncating the modal coor-
dinates of higher frequency without sig-
nificantly reducing the accuracy of the
results. One can then make a transforma-
tion to a set of uncoupled equations that
can be solved easily on present comput-
ers.

In the present method, one does not at-
tempt to solve the complete set of cou-
pled equations for the entire structure. In-
stead, among other things, one solves the
equations of motion for each substructure
independently. The interface forces be-
tween the substructures are approximated
by third-order power series in time. At each
time step of the numerical integration, the
solution to the equations of motion of each
substructure is calculated with all exter-
nally applied forces, including the interface
forces (see figure), which involve the in-
itially unknown coefficients of the third-
order power series in time. These coeffi-
cients are evaluated at the end of each
time step by enforcing the compatibility of
displacements, velocities, and accelera-
tions at the interfaces; this can be done
by simple matrix multiplication and is easi-
ly accomplished on a computer. Once the

NASA Tech Briefs, May 1991




coefficients are known, the interface
forces and the vibrational response at the
end of each time step can be computed.

The procedure is repeated for as many
time steps as necessary to span the time
of interest. The method is approximate in
that interfacial compatibility is enforced on-
ly at the ends of the time steps rather than
continuously. Therefore, as in most numeri-
cal-integration methods, smaller time steps
yield more-accurate results.

Because the interfacial compatibility is
maintained by use of an interface-com-
patibility-coefficient matrix, the method is
especially suited for use where interface

boundary conditions change with time: the
matrix is simply changed or regenerated
to reflect changes in the boundary condi-
tions between substructures or a change
in the size of the time step. Conversely,
when no such change is required, there
is no need to recompute this matrix. One
example of changing boundary conditions
is provided by slip/stick motion caused
by friction at an interface between sub-
structures. In this case, one would have
to monitor the interface forces to deter-
mine whether the interface is slipping or
sticking and modify the interface-compati-
bility-coefficient matrix to reflect the new

conditions whenever one detected a tran-
sition between sticking and slipping.

This work was done by J. R. Admire and
J. A. Brunty of Marshall Space Flight
Center. Further information may be found
in NASA TP-2926 [N90-13444], “A Transient
Response Method for Linear Coupled
Substructures.”

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

MFS-28477

Calculating Flow Through a Helicopter Rotor

The calculated flow is fully coupled with deformations of the rotor blades.

Ames Research Center, Moffett Field, California

A new method for calculating the flow of
air through and around a helicopter rotor is
incorporated into the General Rotorcraft
Aeromechanical Stability Program (GRASP)
(a computer program for aeroelastic ana-
lysis). The flow induced by the rotor has an
important effect on the aeroelastic prop-
erties of the helicopter. Because of the
combined finite-element/muiltibody metho-
dology used as the basis for GRASP and
because of the need to preserve its model-
ing flexibility and generality, it was neces-
sary to depart from traditional methods of
computing the induced velocity and to
develop the new method.

The rotor is treated as an actuator disk,
and the flow field as a cylindrical region
surrounding the disk (see figure). The ax-
isymmetric flow field in hover or purely ver-
tical ascent or descent is represented by
an airmass element. The generalized coor-
dinates of the inflow associated with this
element are included in the state vectors of

Actuator
Disk

The Flow About a Helicopter Rotor is rep-
resented by an axisymmetric flow field in a
cylindrical region with an actuator disk as
the source of the flow.

NASA Tech Briefs, May 1991

the steady-state and dynamical mathema-
tical models. This means that the steady-
state inflow velocity field is calculated in
parallel with the deformations of the struc-
ture and that this velocity field is fully cou-
pled to the deformed state of the rotor
blades. The generalized coordinates of the
inflow are introduced into the model in a
manner similar to that used to introduce
the degrees of freedom of the structure.
That is, an air node is introduced to repre-

sent the flow field at a point on the axis of
symmetry of the flow field.

A rotor blade is represented by an aero-
elastic beam element — the primary struc-
tural element in GRASP. The calculations
of the momentum contributions from the
actuator disk are separated from those for
the blade element. The airmass element
represents only the aerodynamics of the
flow field, while the aerodynamics of the
blade element are isolated in the aero-
elastic beam element. The aerodynamic
forces exerted by the flow field on the rotor
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are calculated for individual subelements
within the aeroelastic beam element.

This work was done by Donald L. Kunz
of Ames Research Center and Dewey H.
Hodges of Georgia Institute of Technology.

Further information may be found in NASA
TM-100026 [N88-10777], “Analytical Mod-
eling of Helicopter Static and Dynamic In-
duced Velocity in GRASP."”

Copies may be purchased [prepayment

required] from the National Technical In-
formation Service, Springfield, Virginia
22161, Telephone No. (703) 487-4650.
Rush orders may be placed for an extra fee
by calling (800) 336-4700. ARC-12202

Jacobi-Integral Method for Two-Body Problem

Trajectories can be computed more precisely, in fewer steps.
Lyndon B. Johnson Space Center, Houston, Texas

The Jacobi-integral method enables the
efficient, accurate computation of the tra-
jectory of a natural satellite or spacecraft
perturbed by a component of gravitational

potential that depends explicitly on both
position and time. In this method, the equa-
tions of motion are reformulated to reflect
the fact that the total energy is no longer a
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Engineers have long thought that complex meshes produce mdelm&
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of using higher-order polynomials to describe the deflection "
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Now Structural Research makes P-Method analysis avail- Linear/Nonlinear
able to complement the H/P-Method and adaptive meshing * DYNAMICS:

analysis techniques for which COSMOS/M is famous.

Using the COSMOS/M P-Method, far fewer elements are
required to achieve convergence and accurate results. The
P-Method also offers significant advantages in ease of use,
and CPU speed to reach a design solution.

Used with the COSMOS/M STAR module, the P-Method
can be combined with adaptive meshing to determine
nodal displacements and element stresses. Even coarse
meshes developed in CAD programs can be used with
COSMOS/M to yield accurate solutions by simply increasing
the value of P for the element.

To appreciate the speed and simplicity of the
COSMOS/M P-Method, study the chart below. To appre-
ciate its ease of use and application to your own engineer-
ing problems, contact Structural Research for more
information.

Beam with two circular notches under a concentrated tip load
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constant of motion (as it is in prior formula-
tions in which the gravitational potential
does not depend explicitly on time).

Instead of the total energy, the Jacobi in-
tegral, which is an energylike constant of
the motion in this case, is embedded in the
Newtonian differential equations of motion.
The resulting simplification of the equations
makes it possible to compute trajectories
more precisely, with fewer numerical
steps. With modifications, the Jacobi-
integral approach might also be applicable
to such terrestrial problems as the motions
of rotors and of beams of electrically
charged particles in changing electrical
and magnetic fields.

Following the path taken in previous re-
search on this topic, the derivation of the
modified equations of motion begins with
the introduction of the fictitious time vari-
able, s, via the equation

wheret = timeandr = the radius fromthe
planet (or other source of gravitational
potential) to the other object in motion. The
substitution of s for t in the basic equations
of motion removes singularities. The equa-
tions of motion are then linearized to a per-
turbed-harmonic-oscillator form in which
the Laplace vector and the Keplerian
energy element are embedded.

The Jacobi integral can be shown, in
one example, to yield the Jacobi constant,
J = wch, where wis the angular velocity of
a nonspherical planet that gives rise to the
perturbing potential, ¢ is the angular
momentum of the system, and h is the total
energy (Keplerian plus perturbing poten-
tial). The perturbed-harmonic-oscillator
equations of motion are modified so that a
modified Jacobi constant appears in place
of the Keplerian energy element.

The price for the incorporation of the
Jacobi constant is the introduction of a
new element — the axial element — and
its differential equations. Fortunately, the
axial element appears only as a small per-
turbation term in the differential equations
of motion. This facilitates a precise numeri-
cal solution.

This work was done by Victor R. Bond,
Robert G. Gottlieb, and Michael F. Fraietta
of McDonnell Douglas Corp. for Johnson
Space Center. For further information,
Circle 12 on the TSP Request Card.
MSC-21623
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Higher-Performance Ambient-Temperature Heat Pipe
A porous wick is added to the liquid channel.

Lyndon B. Johnson Space Center, Houston, Texas

The heat pipe shown in the figure is an
improved version of the heat pipe described
in “High-Performance Ambient-Tempera-
ture Heat Pipe” (MFS-26062), NASA Tech
Briefs Vol. 12, No. 10, page 43. The heat
pipe is 3 m long and made of aluminum. It
differs from the previous heat pipe in thata
lining of sintered aluminum powder has
been added to the liquid channel. The new,
porous lining results in improved thermal
performance.

This work was done by Donald M. Ernst,
Robert M. Shauback and Nelson J. Gernert
of Thermacore, Inc., for Johnson Space

The New Design is simi-
lartothe previous design
except that a porous lin-
ing of sintered aluminum
has been added to the
liquid channel. oib
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Wick (Sintered
Aluminum Powder)

Center. No further documentation is
available.

In accordance with Public Law 96-517,
the contractor has elected to retain title to
this invention. Inquiries concerning rights
for its commercial use should be ad-
dressed to

Nelson J. Gernert

Thermacore, Inc.

780 Eden Road

Lancaster, PA 17601
Refer to MSC-21515, volume and number
of this NASA Tech Briefs issue, and the
page number.

Thermally Actuated Unlatching Mechanism

Differential thermal contraction causes release at a predetermined low temperature.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A thermally actuated latch releases a
component initially secured to it, when it
is cooled to a predetermined temperature
lower than the initial temperature. A latch
of this type might be used, for example,
to retain the cover of a cryogenic aero-
space instrument during launch through
intermediate cooling. With a nonmoving
hook, such a latch might also be used to
prevent the door of an industrial furnace
from being opened until the furnace cools
to a safe temperature.

The latch includes a supporting arm and
a spring-loaded hook made of titanium,
which has a relatively low coefficient of
thermal expansion. It also includes an en-
gaging arm made of epoxy or high-density

either of which has a relative-
ly high coefficient of thermal expansion
(see figure). As the latch cools, the engag-
ing arm shrinks away from the hook, and

Supporting Am P
ook ~
LATCHED AT ROOM TEMPERATURE
—-| Oiftarantial Shrinkage
| |
=
JusT ASOVE -
SHAUNX ALMOST TO POINT OF |
Hook Medd in ‘
This Posttion Dy
Torsen Spang
[ =
COOLED FURTHER AND DISENGAGED

The Simple Latch is disengaged by differen-
tial thermal contraction of its parts.

NASA Tech Briefs. May 1991

the spring drives the hook away from the
arm.

The temperature of disengagement de-
pends on the specific design and materials.
For the design and materials of the pro-
totype, disengagement occurs when the

temperature falls from ambient to —48 °C.

This work was done by Virginia G. Ford
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, Cir-
cle 92 on the TSP Request Card.
NPO-17601
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If you've got the application, Wardwell shield and harness braiders
have the solution across a wide range of industries and applications.
For braiding a protective jacket over a wire bundle or harness

, rely on Wardwell's harness braider. Available in 16, 20,
24,32, 36, 48, 56, 64, and 72 carrier models, it can fabricate jackets of textile or wire.
For fabrication of wire shielding over an insulated-wire core, our shielding braider comes
equipped with 24" capstan, motor drive with start/stop controls, and many other options.
It's available with carriers suitable for textile braiding as well.

Call Wardwell at (401) 724-8800
WARDWELL rmes
BRAIDING MACHINE CO.

1211 High Street, Central Falls, Rl 02863 USA
(401) 724-8800 Fax: (401) 723-2690 TWX: 710 384-1305
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RF Plasma
Generators
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RELIABLE,
COMPACT
AND
CLEAN

ENI’s Series of solid-state

plasma power generators
offers the ruggedness, reli-
ability and control to meet
your exacting requirements.
You can choose either
air-cooled or water-cooled
units, up to 5 kw, 9-460kHz,
and 13.56 MHz, designed to
meet today’s most stringent
cleanroom specifications.
ENI offers a wide range of
plasma power generators
and automatic impedance
matching networks to fit
a wide range of applica-
tions. For more information,
please contact us at:

ENI
A Divislon of Astec America, Inc.

100 Highpower Road,
Rochester, NY 14623-3498
(716) 427-8270

Telefax: (716) 427-7839
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Hardware, Techniques, Books and Reports

and Processes 58 Jet Boost Pumps for

58 Segmented Arm for the Space Shuttle
Positioning and Main Engine
Assembly

R

Control of a large robotic arm relies on conservation

of angular momentum.

Lyndon B. Johnson Space Center, Houston, Texas

A proposed segmented robotic arm (see
figure) for positioning and assembly of
components of large structures would con-
tain motor-and-flywheel angular-momen-
tum devices in each arm segment. These
devices would transfer angular momen-
tum to and from the segments of thearm to
produce the desired motion of the arm. The
arm was conceived for use in outer space,
but the concept may also be adaptable to
terrestrial uses in which buoyancy cancels
the effect of gravitation — for example,
floating on or under water.

The application of the torques to par-
ticular portions of the arm would be con-
trolled by selectively locking and releasing
the rotational joints between the seg-
ments. If an angular momentum device in
one segment were to fail, the arm could still
be used, albeit with some degradation of
performance, simply by locking the joint
that connects that segment to one of the
adjacent segments.

The proposed arm would be about 300 ft
(90 m) long and could manipulate compo-
nents of up to about 1 million pounds (0.5
Gg). The truss structure of each segment

would minimize its mass while providing
stiffness to support the control and utility
systems.

Neglecting friction between the arm and
the environment, the total torque about any
given joint would be the vector sum of all
the individual segment torques. Thus, the
more segments there were, the larger
would be the effective control torque
available at the base of the arm.

The accumulated location errors at the
free end of the arm may present a prob-
lem. The arm would use position feedback
to correct such errors. When the arm is
handling a massive object, mechanical
oscillations or vibrations could occur if the
joints were locked while the load or arm
was still moving. Active feedback from sen-
sors that measure local motions would be
used to send control signals to the angular-
momentum-storage devices to damp any
such undesired motions.

This work was done by Reginald B. Berka
of Johnson Space Center. For further in-
formation, Circle 30 on the TSP Request
Card.

MSC-21512

Angular-Momentum-Storage Devices
(Motors, Flywheels, and Controls)

Rotational Joint
(Locked or Free)

The Segments of the
Robotic Arm would be
moved by transferring
angular momentum to
and from the segment
motors with flywheels.

Books and Reports

Thesereports, studies, handbooks are avail-
able from NASA as Technical Support Pack-
ages (TSP's) when a Request Card number
is cited; otherwise they are available from
the National Technical Information Service

Jet Boost Pumps for the
Space Shuttle Main Engine

Benefits could include

increased reliability, simplified

ducts, and decreased weight.
NASA Tech Briefs, May 1991



A brief report proposes the use of jet
boost pumps in conjunction with the main
pumps that supply liquid hydrogen and lig-
uid oxygen to the main engine of the Space
Shuttie The present turbine-drive boost pumps
are complicated and insufficiently reliable.
In contrast, a jet pump is inherently very re-
liable because the main part of the pump
has no moving parts. Moreover, a jet pump
can be connected with simpler ducts, and
it weighs less.

Jet pumps have been used in a wide va-
riety of applications. In a jet pump, jets of
fluid escape through nozzles at high speed
from a manifold or plenum at high inlet pres-
sure into a channel filled with the same or
a different fluid at a low inlet pressure. Kinetic
energy is transferred to the low-pressure flow
by mixing, thereby inducing a combined out-
let flow at a pressure between the high and
low inlet pressures. The principal advantage
of this kind of pump is simplicity, and the
principal disadvantage is low efficiency.

The report contains several sections. The
first section summarizes the principle of op-
eration and previous experience with jet
pumps. The next section describes the op-
eration of a representative jet pump, pre-
sents some parameters used to describe
performance, and discusses the effects of
some pump configurations on efficiency.

The next section discusses the increase
in temperature of the outlet flow over that
of the inlet flow — a manifestation of the
efficiency penalty. This causes an increase
in the vapor pressure of the outlet fluid, with
consequent reduction in the net positive
suction head available to the main pump
that follows. The increase in temperature
is attributed to the kinetic energy lost in the
mixing of the two inlet flows, and a conser-
vative design protocol requires the assump-
tion that all mixing losses are converted to
heat.

The next section discusses the perform-
ance and design of the main pump in con-
nection with the net positive suction head
of the flow supplied to it by the jet pump.
The last section presents some of the design
parameters for the proposed liquid-oxygen
and liquid-hydrogen pumps in the Space
Shuttle. A comparison with the parameters
of the corresponding turbine-drive boost
pumps shows that the jet boost pumps
should perform better.

This work was done by Sen Y. Meng of
Rockwell International Corp. for Marshall
Space Flight Center. 7o obtain a copy of
the report, “'SSME Jet Pump,” Circle 68 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-29673.

For even the tightest installations, Kaman's 0.080-inch diameter
sensor lets you resolve microscopic displacements down to 4 micro-
inches at 50 kHz — without contact. Ideal for both magnetic and
non-magnetic materials, the KD-2300 is only one of Kaman's 24
standard sensors that let you see small changes in position without
touching the target. Whether you want single-channel or multi-
channel output, Kaman can meet your needs. Call us for details.

Kaman Instrumentation Corporation, 1500 Garden of the Gods Road,
Colorado Springs, CO 80907. Phone 719-599-1825. FAX 719-599-1823.
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Coating Solar Cells by Microwave Plasma Deposition
Semiconductor wafers can be processed at temperatures low enough not to harm them.

NASA's Jet Propulsion Laboratory, Pasadena, California

Antireflection films can be deposited on
silicon solar cells at high production rates
with microwave-enhanced plasma deposi-
tion. Microwave energy at a frequency of
2.45 GHz generates a plasma in a mixture
of gases, from which a thin film of silicon
nitride deposits on silicon substrates. The
reaction temperature is relatively low (only
250°C), and the film deposition rate is
more than 500 A/min — 2o 5 times faster
than in a plasma without microwave en-
hancement. The quality of the antireflection
film is similar to that produced by chemical-
vapor deposition.

The deposition is carried out in a quartz
chamber (see figure). The neck of the
chamber is positioned in a rectangular mi-
crowave cavity resonator at a point where
the electric field is high. Microwave power
is guided by a rectangular waveguide into
the cavity. Argon flows into the reactor
while silane and ammonia or nitrogen flow
over the silicon substrate in the flared por-
tion of the chamber. The application of the
microwave field to the argon gas at low
pressure forms a high-density excited-
state plasma that rapidly dissociates the
other gases to form a dense silicon nitride
film on the silicon substrate.

The substrate rests on a movable, heat-
ed holder. This allows the temperature of
the substrate and its position in the cham-
ber to be adjusted for maximum speed and
uniformity of deposition. A mechanical
pump continuously removes the used re-

actants from the chamber.

When microwaves rather than the usual
13.56-MHz radio-frequency waves are
used to create the plasma, the field in the
cavity oscillates so rapidly that the forces
on the free electrons change direction be-
fore they can travel very far. Therefore, the
plasma is not swept to the walls of the reac-
tor. In comparison with lower-frequency
plasma systems, the microwave system
uses less power and consumes smaller

formed in the plasma are longer lived and
can thus dissociate the reactants in a re-
gion of the chamber well away from the
plasma-generation region. Deposition can
thus be done under the most favorable
conditions.

This work was done by Behrooz Minaee,
Sanjeev R. Chitre, and Narges Zahedi of
Superwave Technology Inc., for NASA’s
Jet Propulsion Laboratory. For further in-
formation, Circle 121 on the TSP Request

quantities of gas. In addition, the species Card. NP(_3-17035
godon A Magnetron pro-
2 b duces 2.45-GHz mi-
l N2 l SiHg i NH3 crowaves at a power
Ficiunohic of 1kW. Piranigauges
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Making Mullite Fibers by Airgap Wet Spinning

Neither melting nor a dangerous solvent is required.

Marshall Space Flight Center, Alabama

A proposed process would make contin-
uous mullite (AlgSi;O,,) fibers that would re-
tain structural integrity at temperatures up
to and somewhat beyond 1,300 °C. Here-
tofore, mullite fibers have been made by melt
spinning (which requires high temperatures)
and dry spinning (which requires a danger-
ous solvent like toluene or benzene).

The proposed process would make highly
pure mullite fibers, without melting and with-

60

out a dangerous solvent. Instead, it would
involve airgap wet spinning of an alumina/sil-
ica sol/gel mixture. The mixture would be ex-
truded through a single-hole spinneret into
a spin bath of deionized water and polyethy-
leneimine, where it would be converted to
gel fiber. Continuing on its way, the gel fiber
would be wound onto a package. Later, the
gel fiber would be unwound from the spool
and fed through a tube furnace, where it

would be converted to mullite.

This work was done by Dennis S. Tucker
and J. Scott Sparks of Marshall Space
Flight Center. No further documentation

_is available.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Marshall
Space Flight Center [see page 18]. Refer
to MFS-28431.

NASA Tech Briefs, May 1991



Detecting Filler Spaces Under Tiles
An eddy-current probe detects hidden seams, steps, and holes in a metal substrate.

John F. Kennedy Space Center, Florida

An eddy-current probe nondestructively
and indirectly indicates whether screed is
present under ceramic tile on an aluminum
substrate. The particular eddy-current
probe is intended for use on the insulating
tiles on the Space Shuttle, but the eddy-
current-probe technigue has many poten-
tial terrestrial applications in nondestruc-
tive testing.

The screed, a room-temperature-vul-
canizing polymer (RTV), is a filler that pro-
vides a smooth surface for bonding the
tiles over seams, steps, and fasteners in
the aluminum substrate. The screed can
deteriorate under the influence of spilled
hydraulic fluid, tile-waterproofing com-
pound, and wide-ranging heat cycles, but
there is no way of ascertaining from the ap-
pearance of the tile surface whether
screed underlies the tile. Sometimes, it is
necessary to remove tiles where screed
may possibly be present, a process that
takes 80 worker-hours per tile. Often, tiles
are removed in a suspect area only to re-
veal that no screed has been used there.
Moreover, tiles are frequently damaged
during removal and replacement.

With the new probe, screed can be de-
tected without removing tiles. Only about
0.5 worker-hour is needed to evaluate one
tile. If screed is found, the tile can then be
removed so that the RTV can be inspected
and repaired. Unnecessary removal —
and potential damage — is eliminated.

Pulsed high-frequency current in a cail
in the probe induces eddy currents in the
aluminum substrate (see figure). The coil
detects the magnetic field produced by the
eddy currents. The magnetic field can be
related to the distance between the probe
(which is placed on the outer surface of the
tile) and the substrate, and thus indicates
indirectly where screed is present. In the
prototype instrument, the output signal of
the probe is displayed on an oscilloscope,
the output of which, in turn, could be fed to
a digital voltmeter. In demonstrations, the
prototype produced accurate information
about the configuration of the substrate
under the tiles. It gave repeatable results
from test to test and from operator to oper-
ator.

This work was done by Paul Mende and
David Shinkevich of Lockheed Space Op-
erations Co. and John Scheuer of Lock-
heed Missiles and Space Co. for Kennedy

Center. For further information,
Circle 130 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be ad-
dressed to the Patent Counsel, Kennedy
Space Center [see page 18]. Refer to
KSC-11411.

MACA Taoanh Drianfe AMauv 1001

Probe
(Tunsﬂucoﬂ

'nu
Aluminum Substrate
Fasteners

é@ﬁg@@

SPATIALLY ABRUPT CHANGES IN SUBSTRATE

The Transducer Coil
Excites Eddy Cur-
rentsinthe aluminum
substrate material.
The response ap-
pears on an oscillo-
scope or meter.
Changes in the re-
sponse indicate spa-
tially abrupt changes
in the substrate.

Exhibit Your Latest
Products At America’s
Premier Technology Showcase

NS
«1 schnology
< 2001

Graphic Counesy Stardent Computer inc.

Technology 2001

The Second National Technology Transfer
Conference & Exposition
December 3-5, 1991
San Jose Convention Center
San Jose, CA

Join the leading federal laboratories, their contractors, and other
high-tech companies exhibiting the latest advances in electronics,
materials, computer hardware and software, manufacturing tech-
nology, and biotechnology. Sponsored by NASA and NASA Tech
Briefs, Technology 2001 is your best, most cost-effective opportu-
nity to meet with and sell to a large number of research directors,
project leaders, senior design engineers, and other technology
managers looking for innovative ideas and products. Act now to
reserve a prime spot at this major national event!

Call (800) 258-0201 today for a complete exhibit
reservation package. NY residents call (212) 490-3999.

MMenla Boadar Antias N EQRQ




[+
n

No matter how you look at it...we've got the right GPS time and frequency receiver for you

¥ Power line Voltage Phase Angle Module

& Event Time Logging Module provides

provides precise time-tagged 60-cycle phase

angle measurement
Integrated antenna/downconverter supports

long cable feeds

=
P. O. BOX 14766 AUSTIN, TX 78761 » TEL (512) 251-2313 » FAX (512) 251-9685

Datum companies working together to meet yor needs.. .

Nl FTS/© AUSTRON

precise time-tagging for power line fault

locating systems
support telecommunications master

clock applications
Contact us today for complete literature and information. Find out how you can benefit

from GPS and get with the leading edge of todays most sophisticated technology.

w
=
K=}
©
o
- |
2
=
=
(o]
o
=
R
©
N
c
(o]
o
b o
o
=
>
w
E 4
<
o
2
@
z
be
-

Circle Reader Action No. 304

Tool for Robotic Resistive Roll Welding

Resistance-welding current starts and stops automatically
according to force exerted against the workpiece.

i

Marshall Space Flight Center, Alabama

A roll-welding attachment for a robot is
a simple, inexpensive device that incorpo-
rates a modified commercial resistance-
welding gun. The roll welder is used to ap-
ply brazing foil to a workpiece.

The gun is mounted on a board, and a
tungsten-alloy wheel is attached to its elec-

Spring-Adjusting

Attachment
Plate

mcres |
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5 8 g 3 4 E g '
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CENTINETERS

trode holder (see figure). A spring-loaded
plate is used for attachment to the end ef-
fector of the robot. The hand-operated trig-
ger switch that turns on welding current in
the unmodified gun is removed from the in-
terior of the gun and mounted externally on
the board, where it is actuated by a spring-

Tungsten-Alloy
Electrode
Wheel

Sliding
Rods

Tab Attached to
One of the
Sliding Rods

Switch

The Modified Welding Gun is easily attached to the end effector of a robot. The robot applies
the welding force and moves the electrode wheel along the prescribed path.
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loaded mechanism and the attachment
plate.

The robot applies a force to the attach-
ment plate, thereby compressing the springs
and pressing the wheel against the foil on
the workpiece. The rods on which the attach-
ment plate are mounted slide into the gun
until a tab actuates the switch lever, turning
on welding current. The robot then rolls the
wheel along the foil to weld it to the work-
piece. When the robot removes the force,
the springs push the rods and attachment

Flexible Interior-Impression-Molding Tray

plate outward, turning off the welding cur-
rent.

This work was done by Jeffrey L. Gilbert
of Rockwell International Corp. for Marshall
Space Flight Center. No further documen-
tation 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-29660.

Weld joints in cavities can be examined nondestructively. "
[N
Marshall Space Flight Center, Alabama

Yet another device and its method of op-
eration have been added to the variety of
techniques for making impression molds of
otherwise inaccessible interior surfaces.
This latest device is used inside a combus-
tion chamber of complicated shape for the
nondestructive evaluation of the qualities
of welds, including such features as offset,
warping, misalignment of parts, and drop-
through.

The device includes a flexible polyprop-
ylene tray trimmed to fit the desired interi-
or surface contour. Two neodymium boron
magnets 2 in. (12.7 mm) or % in. (19 mm)
in diameter and an inflatable bladder are
attached to the tray (see figure). In opera-
tion, a video borescope (not shown in the
figure) is first used to identify the surface
to be inspected. Next, the impression-mold-
ing material — a quick-setting, very-high-

viscosity silicone — is prepared by mixing
Citricon base (or equivalent) putty with the
amount of accelerator required to obtain a
setting time of 10 to 20 minutes.

The tray is loaded with impression-mold-
ing material and inserted in the cavity. View-
ing the interior of the cavity through the bore-
scope, the technician guides the tray to the
surface to be inspected with the aid of two
external neodymium boron magnets. Using
a 60-cm? plastic syringe with a check valve,
the technician pumps air into the bladder.
The bladder becomes inflated, pressing the
flexible tray and its putty against the sur-
face to be inspected. After the 10- to 20-
minute setting time, the technician deflates
the bladder and extracts the tray from the
cavity with the help of a tether. The accurate
impression of the wall on the putty is then

examined. f
This work was

done by Jeffrey E.
Anders of Rockwell
International Corp.
forMarshall Space
Flight Center. No
further documenta-
tion is available.
Inquiries con-
cerning rights for
the commercial use
of this invention
should be ad-
dressed to the
Patent Counsel,

Marshall Space
Flight Center [see
page 18]. Refer to
MFS-29679.

The Tray and Putty
are inserted in a cav-
ity to make a mold of
the interior surface.

3M Lowers Cost
of High
Temperature
Electrical Tapes

New proprietary film
matched with acrylic and
silicone adhesives for
UL Class 155°C/180°C

AUSTIN, Tex.—Two newly developed
high temperature electrical insulating
tapes are lower priced than current tape
constructions now on the market. The se-
cret is in matching new tough proprietary
film with appropriate high temperature
adhesives.

Scotch™ Electrical Tape 72 is thin,
high temperature resistant, light tan, and
semi-opaque. It is combined with an acryl-
ic pressure-sensitive adhesive, and is UL
Recognized for continuous use at temper-
atures not exceeding 155°C, for class F
operating components.

Scotch™ Elec-
trical Tape 73 is
thin, high tempera-
ture resistant, light
brown, and semi-
transparent. It is
combined with a si-
licone pressure-
sensitive adhesive,

and is UL Recog-
nized for continu-
ous use at temper-
atures not exceed-

Flexibility, conformabi-
lity and flagging resist-
ance are also key fea-
tures. UL Component

ing 180°C, for
class H operating
components.

Typical high temperature electrical in-
sulating applications are in motors, coils,
transformers, TV yoke/deflection mag-
nets, wrap and fill capacitors, and similar
electrical and electronic products.

Both tapes are flame retardant, flag-
ging resistant and meet NASA outgassing
requirements.

Permanently printable using conven-
tional tape printing equipment. Standard
widths from 1/16" to 4". Custom slitting
available.

For more information, contact a 3M
Electrical Specialties Division represent-
ative or authorized distributor or call
1-800-233-3636.

Recognition.
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3M Electrical Specialties Division

PO Box 2963
Austin, TX 78769-2963
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Monitoring Weld Penetration Via
Gas Pressure

Jumps in pressure indicate whether full
penetration has been achieved or lost.

Marshall Space Flight Center, Alabama

A welding monitor uses pressure on the back side of a
weldment to monitor the penetration of the weld. The pres-
sure-monitoring system was devised to ensure full penetra-
tion along the full lengths of weld joints, when direct observa-
tion of their back sides by visual inspection, x rays, or fiber
optics is not possible.

The system operates on the principle that the pressure of
the inert purge gas flowing through the cavity on the back of
the weldment decreases sharply the instant a weld keyhole is
established, indicating full penetration. When the keyhole
closes, the pressure rises suddenly, indicating that full pene-
tration has been lost. The information gained by use of the
monitor can be used in the initial development of welding
parameters or during production as a safeguard.

This work was done by J. Ben Coby, Jr., and Douglas M.
Todd by Rockwell International Corp. for Marshall Space
Flight Center. No further documentation is available.

Inquiries concerning rights for the commercial use of this
invention should be addressedto the Patent Counsel, Marshall
Space Flight Center [see page 18]. Refer to MFS-29683.

Plasma-Arc
Torch

Arc Plasma

and Shieid Gas Out-Flow

Workpiece Regulator
/ Valve

Pressure Gauge
0to 5 in. of Water
0 to 1.2 kPa)

Pressure
Transducer

|
.l_o/o_

115 Vac

Pressure

[‘/Fun»mnnxnon Keyhole Established

EXAMPLE OF PRESSURE TRACE o

A Sensor Continuously Measures the pressure of the inert gas flowing
through the cavity on the back of a weldment. A sudden drop on the
pressure chart means that the weld pool has fully penetrated; a sudden
rise means that the pool no longer extends through the joint.
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Beam Splitter for Welding-Torch Vision System

lllumination for previews could be directed along the torch.
Marshall Space Flight Center, Alabama

A compact welding torch equipped with
an along-the-torch vision system includes
a cubic beam splitter to direct preview light
on the weldment and to reflect light com-
ing from the welding scene for imaging. The
beam splitter is integral with the torch; it re-
quires no external mounting brackets. The
torch is, therefore, exceptionally compact.

The beam splitter is inside the torch at
the right-angle bend in the torch housing
(see figure). It directs light from a lamp, in
a beam concentric with the welding torch,
onto the weld path. It collects the same light
after reflection from the workpiece and di-
verts it into a system of lenses in the torch.
A video camera processes the reflected
beam and converts it into an image of the

weld.

The beam splitter is rugged and with-
stands vibrations and a wide range of tem-
peratures. It is a commercially available, rea-
sonably priced item that comes in a variety
of sizes and optical qualities with antireflec-
tion and interference-filter coatings on the
desired faces. It can be made to provide
50 percent transmission and 50 percent
reflection of the incident light to exhibit min-
imal ghosting of the image.

This work was done by Jeffrey L. Gilbert
of Rockwell International Corp. for Marshall
Space Flight Center. No further documen-
tation is available.

MFS-29641

i
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The Mirror Directs
LightFromthe Lamp
into the cubic beam
splitter, which passes
the light directly to
lenses, the torch cup,
07 | and the workpiece.
| The beam splitter
turns reflected light 90°, directing it into the
camera optics.

Making Three-Layer Solid Electrolyte/Electrode Sandwiches !1
Compositions and particle sizes are adjusted for sintering at a common temperature.
NASA's Jet Propulsion Laboratory, Pasadena, California

A tape-casting-and-sintering process
joins two ceramic materials having widely
different sintering temperatures into an in-
tegral sandwich structure. Although mono-
lithically joined, the layers retain their iden-
tities, without migration of constituents.

The method is used to make a three-
layer structure composed of outer porous
layers of strontium-doped lanthanum man-
ganite and an inner dense layer of yttria-
stabilized zirconia (see figure). Such struc-
tures could be used to make electrolytic
and fuel cells with solid electrolytes for use
at high temperatures. In a cell, the porous
outer layers are the electrodes, and the
dense inner layer is the electrolyte. Other
potential applications include oxygen
pumps and oxygen sensors.

Ordinarily, tape-cast zirconia powder re-
quires a sintering temperature of at least
1,400 °C to produce a dense layer, where-
as manganite powder condenses to an
overly dense layer at that temperature.
Moreover, manganese migrates into the
zirconia layer, adversely affecting electri-
cal properties. In the new method, the sin-
tering temperature of the zirconia is low-
ered by using a slip composed of submi-
cron-size powder particles with a minimum
amount of binder and plasticizer. The
sintering temperature of the manganite is
raised by using a slip made up of larger,
micron-size particles in a large amount of
binder and plasticizer.

The strontium-doped lanthanum man-
ganite powder is coarsened by presinter-
ing for 2 h at 1,250°C and crushing the
product just enough for it to pass through a
53-um screen. It is mixed with a commer-

NASA Tech Briefs, May 1991

cial polyvinyl butyral binder/plasticizer,
stirred without breaking the coarsened
particles, degassed, and cast on glass by a

tape-casting machine. After drying, the
tape contains 50 to 65 percent by volume
of ceramic material and 35 to 50 percent
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organic binder and plasticizer.

Meanwhile, the fine yttria-stabilized zir-
conia powder is mixed in a solvent with a
dispersant such as menhaden fish oil and
ball-milled to break up agglomerated par-
ticles. The zirconia slip is degassed and
spread over the manganite tape by the
tape-casting machine.

When the zirconia layer is dry enough
not to run when handled, the tape is folded
in half so that a double layer of zirconia is
sandwiched between two manganite lay-
ers. The sandwich is pressed lightly todrive
out excess air, then dried in air. The dry
sandwich is pressed at 3,000 to 5,000 psi
(21 to 34 MPa) and sintered in air for 6 h at
1,300°C.

At this sintering temperature, the man-
ganite does not decompose, and manga-
nese therefore does not diffuse into the zir-
conia layer. After sintering, the density of
the resulting porous manganite layer is 50
to 60 percent of the theoretical, and the
density of the zirconia layer is 98 percent of

the theoretical. Magnified Cross Sections of the ceramic sandwich show porous strontium-doped lantha-

This work was done by James E. num manganite on the outside and dense yttria-stabilized zirconia on the inside. The layered
Schroeder of Caltech for NASA’s Jet Pro- ceramic is sintered at a temperature 100 °C below the normal sintering temperature for zirco-
pulsion Laboratory. For further informa- nia.

tion, Circle 135 on the TSP Request Card. dressed to 1201 East California Boulevard

In accordance with Public Law 96-517, Edward Ansell Pasadena, CA 91125
the contractor has elected to retain title to Director of Patents and Licensing Refer to NPO-17078, volume and number
this invention. Inquiries concerning rights Mail Stop 3056 of this NASA Tech Briefs issue, and the
for its commercial use should be ad- California Institute of Technology page number.
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Spacing Windings Evenly in Toroidal Inductors

Leakage inductance is controlled.

NASA’s Jet Propulsion Laboratory, Pasadena, California

A technique for winding a toroidal induc-
for results in even spacing of windings around
the toroidal core. Even spacing minimizes
the proportion of leakage inductance, espe-
cially if the core has relatively low permeabil-
ity. The new winding technique is useful, for
example, in minimizing the leakage induc-
tance of an inductor containing a powder
core, intended for use in a power supply op-
erating at a frequency between 250 kHz and
2 MHz.

The new technique involves a three-step
winding process. First, the wire (typically, 7
litz wire) to be wound on the core can be " core
covered with shrinkable tubing. (This is not e
practical in small RF units where only a

"single wire is used.) Next, the wire is wound
on the core through gaps or holes in an align-
ment disk (or disks) that enforce(s) the de-
sired spacing (see figure). Finally, heat is ap-
plied to shrink the tubing, locking the wire
in place.

This work was done by W. T. McLyman

Alignment Disks
space the winding
evenly, and heat-
shrinkable tubing
locks it in place.
However, shrink-
able tubing is not
necessary to get
good results.

Heat-Shrinkable
Tubing

TOROIDAL INDUCTOR WOUND WITH DISK

This invention is owned by NASA, anda  should be addressed to the Patent Counsel,

of Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, Circle 150
on the TSP Request Card.

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

NASA Resident Office-JPL [see page 18].
Refer to NPO-17830.
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Efficient Computation of Manipulator Inertia Matrix

Real-time control and simulation are enhanced.

NASA’s Jet Propulsion Laboratory, Pasadena, California

An improved method for the computa-
tion of the manipulator inertia matrix has
developed, which is based on the concept
of the spatial inertia of composite rigid
body (see Figure 1). The computation of
the inertia matrix is required for the im-
plementation of the advanced dynamic-
control schemes as well as the dynamic
simulation of the manipulator motion. The
development of this method is motivated
by the increasing demand for fast algo-
rithms to provide real-time control and sim-
ulation capability and, particularly, the need
for faster-than-real-time simulation capa-
bility, which will be required in many an-
ticipated space teleoperation applications.

The work starts by discussing two phys-
ical interpretations for elements of the iner-
tia matrix, leading to two distinct previously
proposed algorithms: ie., the Composite Rig-
id-Body (CRB) algorithm and the Newton-
Euler Based (NEB) algorithm, with the CRB
algorithm being the most efficient. The re-
dundancy in both algorithms is analyzed,
and it is shown that the two algorithms are
basically equivalent; i.e., they can be trans-
formed to each other. For developing the
new algorithm, spatial notation is used,
which leads to compact equations and
simplifies the algorithmic analysis. Using
more classical notation, the final equations
of the algorithm are then presented in a co-
ordinate-free form. The choice of optimal
frame(s) for projection of the coordinate-
free (intrinsic) equations is discussed by
analyzing the vectors and the tensors in-
volved in the equations. It is shown that
significant efficiency can be achieved by
using different frames for projection of dif-
ferent sets of equations. The developed al-
gorithm achieves a greater computational
efficiency over the CRB algorithm by elimi-
nating the redundancy in the intrinsic equa-
tions as well as by the suitable choice coor-
dinate frame for their projection.

Figure 2 shows a comparison of the ef-
ficiency of the developed aigorithm (des-

70

Z

CM;

Linki+1\

(M, Ej)

Zit+2

0j+2

CmMij 4+ 1(Mj 41, Jj +1)

CM; 41
(Mj+1, Ei+1)

Figure 1. Center of Mass of Composite Rigid Body is shown schematically cm;, = center
of mass link i. CM; = center of mass composite system composed of link / through link n.

General n==6
Algorithm
Multiplication Addition Multiplication| Addition
OCRB 11n2 4+ 79n - 21 8n2 +73n -39 849 687
VCRB (9/2)n? +(231/2)n - 117 | 4n2+88n—-95 738 595

Figure 2. Comparison of Computational Costs of Evaluating the Inertia Matrix shows that
the VCRB algorithm is more suitable for parallel processing than the CRB algorithm is.

ignated as VCRB) and the previously pro-
posed composite rigid-body algorithm
(designated as OCRB). The developed
algorithm is also more suitable for parallel
processing than the CRB algorithm. This
is mainly due to the fact that the algorithm
achieves a greater computational efficien-
cy by reducing the data dependency in the
computation. In a separate report, it is
shown that the developed algorithm can

be fully parallelized, leading to the compu-
tation of the inertia matrix in a time of O(log
n)+0(1) with O(n?) processors.

This work was done by Amir Fijany and
Antal K. Bejczy of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, Circle 51 on the TSP Request
Card.

NPO-17545
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Books and Reports

Thesereports, studies, handbooks are avail
able from NASA as Technical Support Pack-
ages (TSP's) whe "3Qec_uukpar"r4r“r"
s cited; otherwise they are available fror
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the National Technical ‘m'ma ion Service

Norms and Completeness
in Variational Methods

Incomplete bases and
incorrect norms can
lead to erroneous results.

A paper discusses the significance of
norms and completeness in analyses
based on the variational principle of me-
chanics. Such analyses are conducted to
determine static deflections and/or vibra-
tions of structures, including complicated
ones like spacecraft. In practice, analysts
often pay insufficient attention to the re-
quirements for a complete set of basis
functions and the correct choice of a
norm. The paper illustrates by an exam-
ple that such a casual approach can lead
to erroneous results. One kind of error
could occur in an iterative algorithm based
on the variational method; the mere fact
that the solutions converge does not
guarantee that they converge to the cor-
rect solution.

The example is that of a simple can-
tilever beam loaded uniformly along its
length. The exact solution for the deflec-
tion of the beam is well known; it is a
fourth-order polynomial function of posi-
tion along the beam. A variational-principle
solution is sought in the form of a Fourier
cosine series. The idea is to choose the
coefficients of the cosine terms in such
a way as to minimize the total potential en-
ergy, that is, the bending energy minus the
work performed by the applied loading.
Thus, the Fourier cosine terms are the
basis functions, and the bending energy
is the norm.

Heretofore, many analysts have tacitly
assumed that if, as in the case of Fourier
cosine terms, the basis functions are
members of an infinite family of orthogonal
functions and satisfy the geometric bound-
ary conditions, convergence of the varia-
tional solution to the correct solution is
guaranteed. In this example, the assump-
tion is shown to be false. First, it is shown
that the Fourier cosine series that min-
imizes the total potential energy and that
satisfies the geometric boundary condi-
tions differs from the exact fourth-degree
polynomial solution. The resolution of the
discrepancy lies in the fact that the Fourier
cosine terms are complete in the L2
norm, whereas the problem at hand re-
quires basis functions, which are complete
in the energy norm (integral, along the
length of the beam, of the square of the

NASA Tech Briefs, May 1991
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second derivative of the deflection with
respect to length).

Closer examination shows that the Fourier
cosine terms do not constitute a complete
set of basis functions for this problem; the
additional function x2 (where x denotes
position along the beam) is needed to
complete the set. When a term proportion-
al to x2is included, the variational solution
becomes exact; that is, equivalent to the
fourth-degree polynomial along the length
of the beam.

This work was done by Joel A. Storch
of Caltech for NASA’s Jet Propulsion
Laboratory. 7o obtain a copy of the report
““Significance of Norms and Complete-

ness in Variationally Based Methods,” Cir-
cle 5 on the TSP Request Card.
NPO-18071

Orthogonal Patterns
in a Binary Neural Network

When probed by any pattern,
the network converges to one
of the stored patterns.

A report presents some recent devel-
opments in the theory of binary neural net-
works. The subject matter is relevant to
associative (content-addressable) memo-
ries and to the recognition of patterns —
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both of considerable importance in the ad-
vancement of robotics and artificial intel-
ligence.

A network of N neurons is represented
by N variables x, through x,, each cap-
able of taking on one of the two values +1.
The state of the network is defined in terms
of a pattern or vector x composed of the
N variables. The information in M given
patterns is stored in synaptic parameters
calculated according to

M
Ti./ = E xi(’)xl,(()
=1

where f denotes the fth pattern.

The retrieval of information from the net-
work is initiated by applying a probe (in-
itial state) x(0). Neurons are then selected
at random, one at a time, and their states
are updated according to

n
X; (k+1) = sign E T; i % (k)
=i
Previous research has shown that the net-
work is globally stable in the sense that,
initialized by any probe, it converges to
some final state, and that under some con-
ditions stored patterns can be retrieved
without error.

To be retrievable, a stored pattern must
be an equilibrium point of the network. It
is shown that when the stored patterns are
mutually orthogonal, they are equilibrium
states of the network. The mathematical
model is then modified slightly to allow
storage of only mutually orthogonal pat-
terns. The state of the network, initialized
by any probe, is shown to converge to a
pattern in the space, called the ““‘memory
space,’ spanned by the stored patterns.

There can be, at most, N orthogonal pat-
terns. It is shown that when the stored pat-
terns satisfy a certain coding condition,
they are the only members of the memory
space. The maximum number of such
code words is shown to be (2N)*, in
agreement with a previous empirical
observation.

A particular code-construction method
is proposed. A network loaded with such
code acts as a decoder. The stored pat-
terns are shown to have basins of attrac-
tion of Hamming radius N/(2M). When in-
itialized within this range of a stored pat-
tern, the state of the network converges
with probability 1 to that pattern in less
than a neural-update-cycle time. When the
probe falls outside this range, the probabili-
ty of retrieving the nearest stored pattern
can still be increased to 1 by repeatedly
running the network with the same probe.

This work was done by Yoram Baram
of Ames Research Center. 7o obtain a
copy of the report, “‘Orthogonal Patterns
in Binary Neural Network,” Circle 48 on
the TSP Request Card.

ARC-12454
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tance to cracking makes it the ideal material for A proposed sheath for a braided-wire intramuscular con-
high performance aircraft earphone cushions. And, ductor would preserve electrical continuity even if the wire
urethane is more comfortable against the skin, too. breaks, as such wires often do because of corrosion and
Stevens urethane film and sheet could be the solu- repeated flexing in the chemically and mechanically active
tion to your design problem. Thicknesses from .001” environment of the human body. Such braided wires are used
to 125" Widths from 5" to 60" Send for our free to deliver electrical stimuli to muscles in biomedical research
brochure today. on human and animal physiology, the development of pros-
JPS Elastomerics Corp theses, the regeneration of nerves and muscles, and artificial
Industrial Products Division :
395 Pleasant Street ST EV E N S implants.
Northampton, MA 01060 The sheath would be a tube of polyethylene terephthalate
Tel: (413) 586-8750 Elastomerics (Mylar or equivalent) or other plastic and would be surround-
Fax: (413) 584-6348 ing abraided titanium or platinum wire (see figure). The sheath
Circle Reader Action No. 350 would contain an electrically conductive (e.g., salt) solution so
— that the wire is immersed in a conductive liquid. The solution
1 i i would wet the wire but not the sheath. If the wire should break
N i : atany pointalongits length, the liquid would maintain electrical
- TI'OI'ISPO rent I'CD Heaters : conduction, and the wire could still deliver electrical pulses.
| : e : The electrically insulating sheath would prevent electrical
FORM leakage to the surrounding tissue.

The sheathed wire would be implanted surgically with the
aid of a device that resembles a catheter. According to
calculations, the stress of a representative 0.4-in. (0.1-cm)
diameter sheath bent to a 2-in. (5-cm) radius would be 5,000
Ib/in.? (34 MPa), the endurance limit of Mylar.

This work was done by Robert M. Bamford and James A.
Hendrickson of Caltech for NASA's Jet Propulsion Labora-
tory. For further information, Circle 99 on the TSP Request
Card. NPO-17186

Porous Titanium
Electrode, 0.080 in
Diameter

CFIT

P = = S

Cold weather LCD operation ® Window defogging Do o Bintace ey , SO
Optical and scientific instruments \& /. ,,////‘ A
DN NS

FUNCTION

Here's a clear solution to heating backlit LCD'’s: Rugged and reliable
Thermal-Clear™ heaters constructed with micro-thin wire elements and

—

A%

flexible insulation // Yy
o Transparent optical grade Mylar ~ #Transmits over 82% of visible light Wire: Strands : "-“_,j'_«_,:‘ ‘,.
*Up to 17 watts per square inch, *Optional temperature sensors or Al i M"i'o‘k‘f:_fh?’f;’n':"”‘
uniform or profiled sensorless controller or Less in Terephthalate
Diameter Sheath
Lﬁﬂﬂe‘;g’g‘,f’s‘?’,j‘i}”' M I Nco ?:«;65/75792)23{:21 f A Plastic Sheath Would Surround a conductive solution in which a
55432-3177 USA FAX: 612/571-0927 || braided wire would be immersed. At the end of the cable, the wire and
PRODUCTS, INC. ! sheath would be crimped together and press-fit in a porous titanium

electrode
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New on the Market

Rockwell Communication Systems,

Dallas, TX, has developed a five-
channel Global Positioning System
receiver measuring 2 1/2" x 4". The
NavCore V can provide 3D position
information worldwide for OEM
applications in the automotive,
marine, agriculture, mining, and
consumer electronics industries, and
could be employed in a handheld
unit for personal navigation. It fea-
tures a gallium arsenide receiver
front-end, a high-speed digital sig-
nal processor, and a low-power navi-

} gation microprocessor.

| Circle Reader Action Number 800.

[
r
7

Master Bond Inc., Hackensack, NJ,
has introduced a room-temperature
curing adhesive for bonding appli-
cations from -51° to +232° C. The
EP33 adhesive produces high-
strength bonds which resist thermal
cycling and chemicals. It is 100
percent reactive, contains no dilu-
ents or solvents, and adheres to
metals, glass, .ceramics, wood, vul-
canized rubbers, and most plastics.
Circle Reader Action Number 792,

A new insertion magnetic flowme-
ter from Metron Technology, Boul-
der, CO,

line sizes from 3 to 80 inches. Meter

electronics yield either 4 to 20 mA |
or pulse output and can be mounted

remotely. A high-pressure retractor
allows installation and removal with-
out line shutdown
surization.

Circle Reader Action Number 794.

| Sensor Products lnc New Yo rk
| City, has created Pressurex‘”, a
tactile pressure detecting film for
determining compression magni-
tude and dispersion between con-
tact surfaces. When subjected to
pressure, the film turns a shade of
red whose intensity indicates the
force applied. By comparing the
film to a color-calibrated spectrum
chart, the user can quickly deter-
mine the compression force. If
greater sensitivity is needed, the
Pressurex densitometer can scan the
‘ film to produce a pressure distribu-
| tion map. Pressurex comes in four
| sensitivities for pressure detection
up to 18,000 Ib/in?, and operates in
a variety of temperature and humid-
ity conditions.

Cirde Reader Action Number 790.

A new line of brushless DC motors
from American Precision Industries,
Oceanside, CA, features rare-earth
magnets for high performance and
high speeds at a variety of speed
controls; quiet operation; and Hall-
effect commutation. The motors
meet MIL-1-45208A and NASA
5300-4 (1C) and can be custom-
ized. Applications include computer

WH Brady Thin Film Products, Mil-
waukee, WI, has introduced
BRADYTOUCH™ plastic transpar-
ent touch screens for industrial,
medical, and telecommunications
applications. Available in both ma-
trix and analog formats, the light-
weight screens can be used with

troluminescent display panel. They
are constructed with an optical ad-
hesive that reduces reflection and
refraction.

Circle Reader Action Number 796.

any flat CRT, LCD, plasma, or elec- |

| per-ipherals, laser scanners, medi-
cal and lab equipment, pumps,
material handling equipment,
and test and measurement instru-
mentation.

Circle Reader Action Number 798.
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accurately measures the |
flow rate of conductive liquids in |

or depres- |

|
|

~ e ——— e | |

Polydamp'”‘ melamme foam (PMF), |

composite pro- ‘

duced by Polymer Technologies |
Inc., Newark, DE, functions undera

temperature range of -45° to +200° x
C and will not drip or produce ex-
cess flame and smoke when ignited.
PMF comprises a melamine foam

core sandwiched between a film '

|

|

|

facing and a pressure-sensitive ad-
hesive backing. The composite
weighs 0.7 Ibs/sq ft and adheres to
metals, plastics, foams, and many
other surfaces.

| Circle Reader Action Number 786. |

The Seriplex™ control system of-
fered by Automated Process Con-
trol, Jackson, MS, can replace hun-
dreds of control wires with one four-
wire cable. A single cable lined
with intelligent I/O modules is con-
nected to a computer or PLC to
control hundreds of sensors and
loads. The modules have built-in
communications, logic, and /O
control, and can operate as a stand-
alone interconnect between an
operator and hundreds of remote
1/O devices without a CPU or PLC.
Circle Reader Action Number 784.

Advanced Photonix Inc., Los Ange-
les, CA, has produced large-area
avalanche photodetection devices

A new neurocompuler system can
speed learning in neural networks
1000 fold, according to the manu-
facturer, Adaptive Solutions Inc.,
Beaverton, OR. Application devel-
opers can use the system to solve
pattern recognition problems in
optical character recognition, ma-
chine vision, speech recognition,
and robotic and process control. It
consists of a server, a neurocom-
puter for a UNIX network, and a
robust software development envi-
ronment called CodeNet.

Circle Reader Action Number 788.

Hamamatsu Photonic Systems of
Bridgewater, NJ, has introduced a
picosecond photodetector that re-
places the head, power supply, and
cables currently used as an oscillo-
scope accessory. The model C4258
consists of a large-area pho-
todiode with associated high-fre-
quency circuitry and power source
in a single compact case. It oper-
ates from 450 to 870 nm, making it
useful for monitoring mode-locked
lasers such as argon iron and Ti
sapphire.

Circle Reader Action Number 782.

(APDs) designed to replace photom-
ultiplier tubes in low-light-level
applications. The rugged solid-state
devices consume one-tenth the
power of photomultiplier tubes, al-
lowing for a much smaller power
source. And unlike the glass tubes,
APDs are not affected by magnetic
fields, and therefore do not need
shielding. In combination with scin-
tillation crystals, the devices can be
used in radiation detection, and also
offer applications in scanners, in-
dustrial process controls, and mili-
tary systems, including laser track-
ing and guidance. \
Circle Reader Action Number 778. i

Conductus Inc., Sunnyvale, CA, hg
developed a process for |
manufacturing  Josephson junc-

tions, the key elements in most
superconductive electronic cir-
cuits, including those used in sig- |
nal processing, sensor, and digital |
applications. Employing convetr‘
tional photolithographic tech-
niques, the fabrication process cre- |

| ates reproducible grain boundafy‘

Josephson junctions on a wafer
scale, and can be extended to’
complex superconductive inte-
grated circuits.

Circle Reader Action Number 780, |
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Now Shipping Version 2.1!

EasyPlot

the ultimate plotting package
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Lightning fast graphics, powerful data analysis.
An indispensible tool for handling technical data.

Call 1-800-833-1511 or write for your

Free Working Demo

Ongmallg developed at MIT Lincoln Laboratory. Runs on PCs with
EGA, VGA, or Hercules graphics. Supports color printing and EMS
memory. Mouse optional. Price: $349. Dealer inquiries welcome.

@ Spiral Software 57°m 5. Sute2, Broddine, MA 02146

(617) 739-1511, FAX: (617) 739-4836
Circle Reader Action No. 563

A Scientific
Miracle...
And A Work
Of Art

EcoSphere
Originally developed by NASA, EcoSpheres are not only prototypes
of future space colonies, but also elegant reminders of the potential
for ecological balance on Earth. This carefree aquarium — a per-
manently sealed dass globe — contains live shrimp, algae, water,
and air in bioregenerated balance. Available in two sizes: 3.25" or
6.50" diameter. Base and replacement policy included

EcoSpheres in the following size(s)

3.25" diameter ($79.00) _ 6.50" diameter ($229.00)

Add $12.00 for shipping (EcoSpheres are delivered overnight). NY residents

add sales tax
Total Enclosed: $.

Name

Address ____

City

State

Daytime Phone #_
Mail with check or money order to:
NASA Tech Briefs, Depi. F, 41 East 42nd Street, New York, NY 10017
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New on the Market

Ingersoll-Rand, Baxter Springs, KS,
has introduced a moving gantry
system for waterjet cutting of com-
posites, plastics, glass, metals, and
other materials. Suited for semi-auto-
mated production, the computer-
driven system provides a contour-
ing accuracy of +0.015" per axis
over total travel. The steel grid cut-
ting area has a 125 Ib/ft* load capac-
ity and can cut large-scale pieces.
Circle Reader Action Number 776.

| A new deposition system for pro-
ducing thin films has been devel-
| oped by Jet Process Corp., New
| Haven, CT. The jet vapor deposi-
| tion (JVD) process uses a supersonic
| jet flow of inert carrier gas formed
| by a nozzle directed into a low-vac-
| uum chamberto create uniform thin
| films at high rates and low tempera-
| tures. It deposits thin films of a vari-
| ety of metals, oxides, nitrides, semi-
| conductors, and organics, and can
! be used to coat wires, tapes, fibers,
| and inside channels and tubes.

‘ Circle Reader Action Number 768.

Ei/Engineering Information Inc.,
New York City, has introduced Ei
Page One™, a CD-ROM database
containing citations from engineer-
ing journals and conference pro-
ceedings worldwide. Updated
monthly, the database covers publi-
cations from 3000 engineering so-
cieties, commercial publishers, re-
search and development organiza-
tions, university presses, and gov-
ernment agencies. Readers can scan
the table of contents or skip to a
journal of interest and call up suc-
cessive issues or articles.

Circle Reader Action Number 770.
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Smart Touch™, a flat-panel opera-
tor interface from Total Control
Products Inc., Berkeley, IL, replaces
push buttons, pilot lights,
thumbwheels, panel meters, and
alarm displays with touch-actuated
graphic controls. The built-in CAD
editor produces graphic characters
such as lines, circles, fan shapes,
squares, tiled squares, and filled pat-
terns. Only five inches deep, the
flat-panel display has a resolution of
640 x 400 pixels.

Circle Reader Action Number 772.

A new line of portable thermal |
imaging radiometers is offered by |
Inframetrics Inc., North Billerica, |
MA. Features include an integrated
floppy disk image recorder, built-in |
image processing, an embedded
color LCD display, backlit controls,
and electric cooling, which elimi-
nates the need for liquid nitrogen.
Circle Reader Action Number 774.

Monolithic Systems Corp., Engle-
wood, CO, has introduced the Mi-
croVGA 452, a half-length card
which enhances VGA monitor reso-
lution. An anti-aliasing technique
reduces stair-stepping to provide
straight lines, smooth circles and
arcs, and near photo-realistic im-
ages. It provides a resolution of 1536
x 1280 with 742,813 colors on a
standard (640 x 480) monitor.

Circle Reader Action Number 766.
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New Literature

‘ Zero Plastics, Chicopee, MA, has

published a catalog of standard and
custom plastic thermoformed and
rotationally-molded cases for com-
mercial and military applications.
llustrations and color photographs
highlight design features, benefits,
suggested applications, and acces-
sories and options.

Circle Reader Action Number 710.

A free catalog from Applied Mi-
crosystems Corp., Redmond, WA,
offers microprocessor develop-
ment tools for embedded design
projects. It features in-circuit emu-
lators, source level debuggers, and
a variety of software tools and utili-
ties. Application articles available
through the catalog
| how to develop microprocessor-
based designs.

Circle Reader Action Number 706.

Kinney Vacuum Co., Canton, MA,
has published a guide to selecting
vacuum pumps based on vacuum
pressure and capacity. It includes
formulas for factoring gas load and
pump down-time into capacity cal-
culations, and features a color-
coded selector chart that describes
Kinney’s vacuum pumps, boosters,
and booster/pump combinations.

Circle Reader Action Number 702.

describe

West Instruments, East Greenwich,
RI, has released a four-color bro-
chure on its Gardsman micropro-
cessor-based controllers which of-
fer up to 32 loops with continuous
adaptive self-tuning and pre-tune
algorithms. A multi-loop, 32-char-
acter LED provides deviation bar
graph display for up to 32 loops
simultaneously. The Gardsman rec-
ipe feature allows all data to be

| scribes

stored on a solid-state memory card. |

Circle Reader Action Number 712.

A 20-page catalog of optical inter-
ference filters and coatings for la-
ser, absorption, and fluorescence
spectroscopy is available from
Omega Optical Inc., Brattleboro,

VT. It provides details on physical |

theory, coating design, and spectral
characteristics, and includes a glos-
sary of optics terms and a conver-
sion table of absorbance versus per-
cent transmittance. Instrumental
considerations such as signal-to-
noise ratio and incident angle ef-
fects are presented along with
physical configurations.

Circle Reader Action Number 714,

A 412-page handbook of linear
motion products from Star Linear
Systems, Charlotte, NC, provides
engineering specifications for
round shaft linear bearings, ball rail
linear motion guides, and precision
rolled and ground ballscrews. Over
130 pages are dedicated to high-
precision linear positioning tables
with ballscrew, timing belt, or
rodless cylinder drive packages.

Circle Reader Action Number 708. |

More than 500 industrial computer
systems and data acquisition, indus-
trial control, and communication
products for the IBM PC/XT/AT are
featured in a free publication from
Industrial Computer Source, San
Diego, CA. New product offerings
include 20/15/10 slot rack and
bench-top chassis, 8 and 15 slot
chassis with electroluminescent
displays, 486/25 MHz and 386/25/
33 MHz CPU cards, and LabTech
Notebook with ICONview.

Circle Reader Action Number 704,
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General Dynamics Space Systems
Div., San Diego, CA, has published
a four-color brochure on its materi-
als and processes facilities for inte-
grated testing and analysis. It de-
and illustrates the com-
pany’s laboratories dedicated to
mechanical and physical proper-
ties, cryogenics, engineering proc-
esses, composites processing, liquid
oxygen compatibility testing, sur-
face science and x-ray analysis,
printed circuit boards, and non-
destructive testing. Data sheets list
each facility’s capabilities and
equipment.

Circle Reader Action Number 724.

Solutions for engineering, labora-
tory, and process control applica-
tions are detailed in PC Instrumenta-
tion for the 90s, a new publication
from United Electronic Industries,
Watertown, MA. It includes techni-
cal information for data acquisition
boards, systems, and software. The
board software, called Status, pro-
vides data acquisition at a maxi-
mum board throughput and features
windowing, a graphic interface,
pulldown menus, and context-sen-
sitive help.

Circle Reader Action Number 720.

A free catalog from Global Special-
ties, New Haven, CT, highlights
electronic testing and prototyping
equipment. New products include
digital multimeters, test instru-

| ments, power supplies, frequency

counters, breadboards, and PC
prototyping cards. It also features a

| handheld multimeter, three logic

analysis test kits, and a digitally-
synthesized function generator.
Circle Reader Action Number 716.

Electronic Devices Inc., Yonkers,
NY, has issued a 152-page catalog
of rectifier bridges, low- and high-
voltage diodes, and high-voltage
assemblies. It contains specifica-
tions for hundreds of silicon rectifi-
ers, and includes new products such
as x-ray diodes, in-line PC mount
bridges in 10 and 40 amp ratings,
high-current single- and three-
phase bridges, and miniature high-
voltage diodes, arrays, and
multipliers.

Circle Reader Action Number 726.

Introducing
ColorStation
From
Raster Graphics.
TheWorlds

Best Full Color,
)-Size
‘lectrostatic

The ColorStation, a 400-dpi, D-size
electrostatic plotter, is spotlighted
in a new brochure from Raster
Graphics Inc., Sunnyvale, CA. The
brochure describes ColorStation’s
Silicon Imaging Bar™, a writing
head which eliminates streaking
and striations, and its patented pa-
per transport system, which auto-
matically loads paper from a roll,
cuts it, and anchors it to a belt while
the image is written, eliminating
registration marks on the media.
The free publication also covers
software compatibility and has a
features/benefits comparison chart.
Circle Reader Action Number 728.

A four-color brochure from Grum- |

man Data Systems, Woodbury, NY,
describes logistics information sys-

tems that support CALS standards |

and Open System Interconnect
(OSI) protocols. It explores such
programs as the Defense Logistics

Services Center Modernization Pro- |

gram, the US Navy Rapid Acquisi-
tion of Manufactured Parts system,
and Phase | of the US Army CALS
program. The systems are installed
without interruption of existing
operations by means of special tran-
sitioning techniques.

Circle Reader Action Number 722.

Keithley Instruments, Cleveland,
OH, has published a handbook of
low-voltage measurement tech-
niques. Each of its four main sec-
liun_s—m(-.'trulugy, supcr((mducli\'-
ity, component evaluation, and ma-
terials research—illustrate three
measurement applications. The
handbook also discusses physical
phenomena such as Johnson noise,
thermoelectric potentials, and mag-
netic fields, as well as their effects
on low-level signals.

Circle Reader Action Number 718.

Applications
Overview
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“““E“S Spyglass software and the

Macintosh make analyzing and graphing
2D and 3D data easier, faster, and more accessible
than ever before. Spyglass delivers the functionality
and power researchers need to import, analyze,
graph, and present their data.
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The surface, contour, and vector plots were all created using Spyglass
Transform 2.0 and data from calculations used for an in-flight guidance
system. Note that with Transform, you can overlay plots on raster images.
Data smoothing and re-sampling are built-in features. Transform'’s
Notebook (upper left) lets you enter and evaluate algebraic formulas,
provides a full range of built-in functions, and is linkable to your own
custom FORTRAN and C functions.

SpYs

Only Spyglass Dicer lets you visualize volumetric data in seconds. The
slices, cubes, and solids shown were created in Dicer using data from a
fluid flow simulation. Interactive tools make it easy to add new slices,
cubes, or cutouts, or to re-position exisiting ones. You can also generate
animations, change orientation and shading and manipulate color.

Spyglass Transform $495/Spyglass Dicer $495 (U.s. list prices)

Education and Government pricing available

Call to learn how you can qualify to receive a free Spyglass
Demonstration Kit. To receive a detailed information
packet, please contact Spyglass or...

Spyglass, Inc.

701 Devonshire Dr. C-17
Champaign, IL 61820
Phone: (217) 355-1665
Fax: (217) 398-0413
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ACRYLATES
Fast-acting rubber-to-
coated-aluminum

adhesive
page 44 MFS-28434

ADA (PROGRAMMING
LANGUAGE)

Ada namelist package
page 50 NPO-17984

ADDITION RESINS
Tough, high-performance.
thermoplastic addition
polymers

page 46 LAR-10000
ADHESIVES

Fast-acting rubber-to-
coated-aluminum

adhesive
pap ‘1 MFS-28434

Caiculation of aeroelastic
transients using Euler
equations

page 51 ARC-12351

AIRCRAFT CONTROL
Precise autohover control
for a helicopter

page 33 ARC-12243
AMBIENT
TEMPERATUI
Higher-performance
ambient-temperature heat

Ppipe
page 57 MSC-21515

ANTIREFLECTION
COATINGS

Coating solar celis by
microwave plasma
deposition

page 60 NPO-17035

ARTIFICIAL
INTELLIGENCE

Beam spiitier for
welding-torch vision
system

page 67 MFS-29641

BIPOLAR

TRANSISTORS

Doping 10 reduce base
resistances of bipolar
transistors

page 22 NPO-17948

BISMALEIMIDE
New synthesis of high-
performance

bismaleimides
page 46 LAR-13958

BONDING
Fast-acting rubber-1o-
coated-aluminum

adhesive
page 44 MFS-28434

BUFFER STORAGE
Deep FIFO surge buffer
page 32 ARC12158

C

CALCULUS OF
VARIATIONS
Norms and completeness

in variational methods
page 71 NPO-18071

CERAMICS

Making three-layer solid
electrolyte/electiode
sandwiches

page 67 NPO-17078

CLOSED CYCLES
High-power liquid-metal
heat-transfer loop

page 36 NPO-18034

COMPUTATIONAL
FLUID DYNAMICS
Surface-shading program
page 49 ARC-12381
COMPUTER
GRAPHICS
Surface-shading program
page 49 ARC-12381
COMPUTER STORAGE

Deep FIFO surge buffer
page 32 ARC-12159

CONDUCTORS
Intramuscular contact
lead filled with conduc-
tive solution

page 74 NPO-17186

CONTACT RESISTANCE
Flange correction for
metal-to-metal contacts
page 20 NPO-18052

CRYOGENICS
Mixed-gas sorption
Joule-Thomson

refrigerator
page 38 NPO-17569

CYBERNETICS
Orthogonal patterns in a
binary neural network
page 72 ARC-12454

D

DATA STORAGE
Deep FIFO surge buffer
page 32 ARC12159

DENSITY

MEASUREMENT

Laser spectroscopic
of

measurement
temperature and densﬂy
page 43 ARC12719

page 60 NPO-17035

E

EARTH GRAVITATION
Computing gravitational
bumps from repeating-

orbit data

page 52 NPO-17925
EDDY CURRENT
Detecting filler spaces
under tiles

page 61 KSC-11411

ELECTRIC CONTACTS

page 20 NPO-18052
Intramuscular contact
lead filled with conduc-
tive solution

page 74 NPO-17186

ELECTRIC WELDING
Tool for robotic resistive
roll weiding

page 62 MFS-29660

sandwiches

page 67 NPO-17078
EQUATIONS OF
MOTION

Efficient computation of
manipulator inertia matrix
page 70 NPO-17545

ESTIMATING

Estimating liquid and gas
contents in a tank

page 51 MSC-21500
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EULER EQUATIONS OF
MOTION

Calculation of aeroelastic
transients using Euler
equations

page 51 ARC12351

F

FAR INFRARED
RADIATION

Phototransistors for long:
wavelength infrared
page 26 NPO-18029

FIBERS

Making mullite fibers by
airgap wet spinning

page 60 MFS-28431

FINITE ELEMENT
METHOD
Caiculating transient
vibrations of coupled

substructures
page 54 MFS-28477

FLANGES

Flange correction for
metal-to-metal contacts
page 20 NPO-18052

FLIGHT
CHARACTERISTICS
Surface-shading program
page 49 ARC-12381

FLOW VISUALIZATION
Twin-mirrored-
galvanometer laser-light-
sheet generator

page 30 LAR-14248

FUEL CELLS
Making three-layer solid
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sandwiches
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GALLIUM ARSENIDES
Improved planar Schottky

page 24 GSC-13205

GAS SPECTROSCOPY
Computer processing of
tunable-diode-laser

spectra
page 28 NPO-18019

GATES (CIRCUITS)
Associative-memory array
of optical logic gates
page 30 NPO-17997

GRAVITY ANOMALIES
Computing gravitational
bumps from repeating-
orbit data

page 52 NPO-17925

H

HEAT PIPES
Higher-performance
ambient-temperature heat

pipe
page 57 MSC-21515

package
page 50 NPO-17984

Precise autohover control
for a helicopter
page 33 ARC12243

HYPERSONIC WIND
TUNNELS

Laser spectroscopic
measurement of
temperature and density
page 43 ARC12719

IMIDES
New synthesis of high-
performance

bismaleimides
page 46 LAR-13958
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Carborundum non-inductive

Computer controllable
X-Y table only $1,890

Includes table, step motors
& control

driver

v’ Compact & Simple Design

v Scanning and Feeding

v Testing and Manufacturing

v 747 Different Models

v Send for free catalog
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E. BLOOMFIELD. NY 14443
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PHONE 716/657-6151

FREE!
130
Page
Catalog

“Optics
or

JlS lis ey Industry”

Free 130 page product catalog from Rolyn,
world's largest supplier of “Off-the-Shelf” optics
24-hour delivery of simple or compound lenses,

| filters, prisms, mirrors, beamsplitters, reticles,
objectives, eyepieces plus thousands of other
stock items. Rolyn also supplies custom prod-
ucts and coatings in prototype or production
quantities. ROLYN OPTICS Co., 706 Arrowgrand
Circle, Covina, CA 91722-2199, (818)915- 5707,
FAX (818)915-1379

Circle Reader Action No. 551

Free Standing Wire Grid Polarizers |

For Spectroscopy at Millimeter and
Sub-millimeter wavelength

Applications

. FAR-R Wavelength Polarization

. Interferometer Beam Divider

. Variable Reflector

. Coupling Device for Long Wavelength Lasers

. Suitable for High Vacuum and Cryogenic Conditions
Custom design available

Another quaiity product

trom

|SPECAC)

SPECAC ANALYTICAL INC.
301 Commerce Drive Tel (203) 366-5112

Fairfield, CT 06430 Fax (203) 384-1524
A Cambridge Electronics Industries (CEl) Company
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bulk ceramic resistors

New brochure presents high-performance ceramic
resistors designed 10 exceed performance of conven
tional film, composition and wire-wound resistors
Designed for higher voltages, energies or frequencies,
Carborundum non-inductive bulk ceramic fixed resis-
lors are available in three types: AS—high voltage
energy for capacitor crow bar
circuits, pulse-forming networks
impulse voltage generators,
snubber circuits; A—high resis-
tance for grounding resistors
voltage dividers; SP—high-
power/frequency loads for para-
sitic suppression, current limit
ing, snubber circuits

Brochure also has information on Carborundum
thermistor and varistor products

The Carborundum Company
Electric Products Division
P.O. Box 664, Niagra Falls, NY 14302
Telephone 716 278-2521  Telefax 716 278-6270
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SC/FOX'™ Embedded-System Compulers

SC/FOX VME SBC (Single Board Computer) 18 MIPS

) MIPS burst

SlLlCON COMPOSERS lNC (415) 322-8763
208 California Ave., Palo Alto, CA 94306
Circle Reader Action No. 679

« Direct sensor 1o RS-232C/RS-485 N N
« Digital output in engineering units
« Digital VO for solid state relays

« Digital limits and alarm capability
« Simple ASCHl commands

« Small size fits in a thermowell

N

(603) 622-0452
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CATALOG

FREE!

CATALOG of
REAL TIME

DATA ACQUISITION
PRODUCTS
for the PC
Filled with applications information,
competitive comparisons,
waveform analysis techniques,
hardware and software specifications,
and DEMO DISK!
We manufacture the industry’s fastest data acquisition

hardware and software designed for applications that
demand a true real time display with simultaneous disk

streaming. Call us at.
1-800-553-9006

DATAQ INSTRUMENTS, INC
825 Sweitzer Avenue
Akron, Ohio 44311
Tel(216)434-4284  Fax(216) 434-5551

Circle Reader Action No. 505

DIAMOND WORKSTATION
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There are trackballs, and then there is the
DIAMOND TRACKBALL

You've seen the rest—Now try the best!

The most versatile, rugged professional input device on
the market today. Nothing compares in price, perform-
ance, reliability and customer satisfaction

Emulates all mouse formats without additional drivers

Approved for use on SUN, DEC, SILICON GRAPHICS,
TEKTRONIX, AT&T, IBM PC/AT, P/S-2 and CLONES

31336 Via Colinas
Everg reen Westlake Village,
SYSTEMS California 91362
INTERNATIONAL

(818) 991-7835
*Fax: (818) 991-4036
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RAD-HARD

64K SRAM. 55ns post-rad access time.
1575 Garden of the Gods Rd., Colorado

Springs, CO 80907 800-MIL-UTMC
Al UNITED

S TECHNOLOGIES

CENTER
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Full Line
Precision Timing
24 TRUETIME

* GPS * TRANSLATORS

* GOES * GENERATORS

« WWVB * SYNC. GENERATORS
* OMEGA » TAPE SEARCH

* DCF77 * PLUG-IN CARDS

* MSF * DISPLAYS

(707) 528-1230 » FAX 707-527-6640 * TELEX 176687

-
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|
|
| 3243 Santa Rosa Avenue * Santa Rosa, CA 95407

4 MEG VIDEO Model 10

Flexible Image Processor and
Application Accelerator For The PC/AT
» 8108000 Pixels per Line
« 2to 19 MHz sampling/display rate
« 10 MIPs Programmable Accelerator
« 4 Megabytes of Reconfigurable Image Memory
« RS-170, RS-330, and CCIR input/output
« Variable timing for nonstandard formats
» Genlock to external timing sources
= Analog or digital inputs
+ Software programmable timing/resolution

@EPIX®

3005 MacArthur Bivd., Northbrook, IL 60062
708-498-4002 FAX: 708-498-4321
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MARKEIF LACE To Advertise—Call (212) 490-3999

VOICE MASTER KEY"  svarsw
OMR

FOR IBM PC/XT/AT/386/486, PS/2, LAPTOPS
e Add voice recognition to most existing MSDOS

programs. TSR program lets you define and
activate keyboard macros by wvoice command.
Great for CAD and DTP.

e Record/playback speech and sounds for voice mail,
presentations, education, or entertainment. “Desk-
top audio" sound editing and compression utilities
included.

A COMPLETE PRODUCT. Hardware attaches to

parallel printer port. No slots required. Sturdy

vinyl-clad steel enclosure. Includes headset/micro-
phone, printer cable, software and user manual.
MADE IN USA. ONLY $219.95
CALL OR WRITE FOR FREE PRODUCT CATALOG
TEL (503) 342-1271

COVOX
675 Conger St. FAX (503) 342-1283
Eugene, OR 97402 BBS (503) 342-4135
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HORSE
POWER
STEP
MOTION §
SYSTEM

Powerful Mini-Step systemby ELECTRONIC
PRODUCTS, Mountain View, CA, hasdriver,
supply, CY545 motion controller and posi-
tion sensor with slip detection to +/- 0 steps.
High level commands. RS232 to any com-
puter. Drives large motors in full/half/quad
step (1600 spr) to 20K pps. 4 to 14 amp @
100 vdc bipolar driver includes full protec-
tion. 16meg steps of high speed absolute
motion. 8 additional 1/0. Free application
assistance. $1265. (800) 424-STEP.
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FREE CATALOG!

LINEAR MOTION
COMPONENTS

All products ship within 24 hours.

e Ball Slides

e Crossed Roller
Slides

e Positioning Slides
e Tables
e Accessories

Call TOLL FREE:
1-800/447-2042
In CT: 203/790-4611

= orFAX: 203/748-5147

S K pirecr inc.

Clarke Industrial Park, PO Box 326, Bethel, CT 06801

L =
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Build Your Own
Space Shuttle

This 1/72 scale model of the space shuttle
Discovery features a huge 13" wingspan and in-
cludes engraved tile detail, movable rudder and
flap, authentic NASA decals, adjustable
manipulator arm, opening cargo bay doors, and
detailed Spacelab payload. Molded in white. Kits
are $24.95 each + $4.00 postage and handling.
(NY residents add sales tax.) Send check or
money order to: NASA Tech Briefs,

Dept. F, 41 East 42nd St., New York,

NY 10017. For credit card orders, call
(800) 258-0201 (NY state: 212-490-3999).
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Photo courtesy Diatek Corp.

A new infrared thermometer measures en-
ergy emitted from the eardrum.

dopting infrared sensor technol-

ogy developed for space mis-

sions, the Diatek Corporation of
San Diego has produced an aural ther-
mometer that gauges body tempera-
ture in two seconds or less. Accurate to
within two-tenths of a degree, the Mod-
el 7000 thermometer measures heat
emitted from the patient's tympanic
membrane, or eardrum. This technique
saves nursing time and enhances pa-
tient comfort, according to Lee Lyman,
Diatek’s chief operating officer, and
enables fast temperature-taking of the
critically ill, incapacitated, or newborn.

ccomplished

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.

A nurse inserts the plastic-covered
probe into the opening of the patient's
ear canal and presses a button activat-
ing the sensor. The probe detects infra-
red radiation emitted from the eardrum
and converts it into electricity, which is
then converted by a microprocessor
into the corresponding body tempera-
ture and displayed on a liquid crystal
screen. The aural device reduces the
risk of cross-infection because it avoids
contact with mucous membranes,
Lyman said, and because it employs
disposable probe covers.

The Model 7000's optical sensor

« Finite Elements: truss, beam, 2-D solid, 3-D

rigid link, non-linear gap, thin and thick shell/
plate composites.

« Stress Analysis: point load, pressure, tem-
perature, accelerations, centrifugal loads,
deflections.

* Dynamic Analysis: mode shapes, frequen-
cies, time stress history, response spectrum,
direct integration, random vibration.

» Heat Transfer Analysis: 2-D/3-D conduction,
convection, radiation, heat source, tempera-
ture, steady state and transient.

« Graphics: 3-D models; hidden line removal;
light source shading animation; stress,
displacement, temperature and flux contours
w/optional shading; deformations; pan; zoom;
node/element numbers; color.

* Modeling: 2-D/3-D mesh, cylinders, extru-
sions profile-path, warped surfaces; bound-
aries, loads, materials. SUPERDRAW Il and
parametric model generation.

*Full Capability, no size restrictions: 3-D
drawing, Computer Aided Design, solid
modeling, design visualization, finite element
stress analysis, and graphic post-processing.

GSA Contract #GS00K89AGS6270

ALGOR FEA—Design
and Stress Analysis $889*

For 286 or 386 desktop computers

Design the
future with
Algor.

solid, membrane, plate/shell, pipe, boundary,

Algor has the largest base of installed FEA
software in the world!

TEL: (412) 967-2700 FAX: (412) 967-2781

VALGOR &

ALGOR INTERACTIVE SYSTEMS, INC.
260 Alpha Drive, Pittsburgh, PA 15238
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was designed by Diatek engineers, then
refined with help from NASA's Jet Pro-
pulsion Laboratory (JPL).The com-
pany’'s challenge was to design the
optical components so the one-piece,
handheld instrument could make rapid
and accurate measurements, Lyman
explained. Through NASA's Technol-
ogy Affiliates Program, which lends
NASA expertise to US firms developing
new technology-based products, Diatek
consulted JPL scientists who have used
infrared sensors to remotely measure
the temperatures of planets and stars.
JPL also aided in mechanical analysis
of the thermometer design, according
to Dr. James Rooney, manager of the
Technology Affiliates Program.

Introduced in February, the Model
7000 is targeted for acute-care hospi-
tals and alternative health care sites
such as Surgi-Centers, nursing homes,
blood banks, and cancer and burn cen-
ters. Diatek estimates the clinical ther-
mometry market at $126 million world-
wide, and expects 60 percent of all
clinical thermometers to use infrared
sensors by 1997. 0

For further information about
NASA's Technology Affiliates Pro-
gram, contact:

Dr. James Rooney

Jet Propulsion Laboratory

4800 Oak Grove Drive

Pasadena, CA 91109

Photo courtesy Diatek Corp.

The Model 7000’s infrared sensor delivers
temperature readings in either Centigrade
or Fahrenheit in two seconds or less.

NASA Tech Briefs, May 1991



TOUCHAND GO...

The Optical Spectrum Analyzer

That Puts More Power At Your Fingertip!

m Broad Bandwidth
(0.35to 1.75 um)

m Broad Dynamic Range

color display. The display section
can be interfaced with up to three
optical units that can be selected

(up to > 80 dB)
m High Sensitivity (-80 dBm)
m Low Polarization
Dependency (< + 0.5 dB)
m High Level Accuracy
(<+15dB)
The advanced series of MV02
Optical Spectrum Analyzers
provides a new dynamic user
interface that simplifies
operation with a touch EL
panel and a high resolution

depending on measurement
application. Color analysis can

be measured directly and polariz-

ation modes can be viewed
simultaneously. Direct spatial
coupling is used for the double
monochromator optical unit.
For literature or a demo,
contact Anritsu America, Inc.
15 Thornton Road, Oakland,
NJ 07436. Call 800-255-7234
or (in NJ) 201-337-1111.
FAX 201-337-1033.

/inritsu
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DADISP. The Big Picture in
Signal Processing

DADIiSP — interactive graphics and data analysis soft- Flexible, expandable, customizable — annotate your
ware for scientists and engineers. DADiSP 2.0 delivers graphs and send them to printers, plotters, or publishing
unprecedented power, through easy-to-use menus. Choose  packages. Create your own macros, automate routine
from hundreds of analysis functions and graphic views — tasks, and run any program written in any language from

from tables to 3-D. Simultaneously display
multiple windows, each with different data or
analyses, for unlimited perspective on your
toughest data analysis problems.

Build your own analysis worksheets —
build and display an entire signal processing
chain, without programming. And DADiSP’s
powerful graphic spreadsheet automatically
recalculates and updates the entire chain if
you change your data or a processing step.
Do serious signal processing...the way S5
you always pictured it! FFTs, digital filter Concurrent fgmlhes of personal computers
design, convolutions, waterfall plots, and and workstations.

more — all at the press ofa key GET THE PICTURE! 800'424'3131
Data Acquisition and Instrumentation Control — INMA617-577-1133

use DADiISP/LT and DADiSP/488 to collect data from A-D Ask for our Evaluation Disk. For more information, write
boards and instruments directly into a DADiSP window to DSP Development Corporation, One Kendall Square,
for immediate viewing and analysis. Cambridge, MA 02139, or FAX: 617-577-8211.

DSP

Development
Corporation

within DADiISP. DADiSP even lets you build

your own menus.

A proven standard — already used by

thousands of engineers and scientists world-

wide, in a whole range of applications like

medical research, signal processing, chemis-
try, vibration analysis, communications,
manufacturing quality control, test &
measurement, and more. DADiSP
supports the IBM PC and PS/2, SUN,
DEC VAX, HP 9000, IBM RS/6000 and

Australia-Interworld Electronics, 03-521-2952; Denmark-Dan Trade, 42-27-4511; Engberg Power Consult, 42-25-1777; England-Adept Scientific, (0462) 480055;
Finland-Mespek OY, 9-0-3511800; France-SM2i, 1-34-89-78-78; Germany-Datalog, (02166) 46082; Digi-Logger, (07720) 38022; Infomatik Systeme, 0631-46007;
Ingenieurburo Kohler- 069-769829; Kontron Messtechnik, 08165-770; India-Dynalog Microsystems, 22-583908; Italy-BPS Computers, 2-61290221; BRM Italiana, 11-771-0010;
Japan-Astrodesign, 044-751-1011; Netherlands-Computer Engineering Roosendaal, 01650-57417; New Zealand-GTS Engineering, 09-392-464;
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