


TO 5 R E LAY 
The Unforgettable Maglatch TO-5 

• Non-destructive memory 

• Low power consumption 

• Inherently bi-stable pulse operation 

• CMOS compatible Centigrid version 

The Maglatch TO-S. It's a 
legend in its own time. The little 
magnetic latching relay that just 
won't forget. It can't. Because 
once you set it with a brief pulse 
of coil voltage, it simply stays in 
that state until reset. Even if the 
system loses power. 

In applications where power 
drain is critical, the Maglatch 
TO-S is unbeatable. Since no 
holding power is needed, it uses 
less energy than any other type of 
relay on the market. 

The Maglatch's inherently 
low intercontact capacitance give 
it high isolation and low insertion 
loss up through UHF, making it 
ideal for RF switching applications. 
And its tiny footprint makes it 
ideal for high density printed 
circuit boards. 

The Maglatch TO-S comes in 
commerciaVindustrial versions as 
well as military versions qualified 
to "L'; "M" and "P" levels of 
MIL-R-390l6. And now it comes 

Home Office, 12525 Daphne Avenue, Hawthorne, CA 90250 • Telephone: 213-77H1J77 • FAX: 213-779-9161 

in a CMOS compatible version as 
well. This version can be driven 
directly with CMOS level signals, 
with no outside amplification. 
That cuts down on the number of 
components and connections, for 
even greater system reliability. 

The Maglatch TO-S. It's the 
world's smallest relay with inde­
structible memory. Call or write 
today for complete information. 

-TELEDYNE RELAYS 
Innovations In Switching Technology 

U.S. REGIO ALSALES OFFlCFS: EASfERN: (908) 272-0020, SOUTHEAST: (407) 682-9044, NORTH CENTRAL: (708) 529-1060, CENTRAL: (214) 348'{)898, WFSI'ERN: (408) 978-8899. 
OVERSEAS: GERMANY, 06tt -7636'{), ENGLAND: (081) 571 -9596, FRANCE: 47-61'{)8'{)8, BELGIUM: (02) 673-99-88, JAPAN: (3) 3797-6956. 
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ENERIC D6.0 

FULL-TIME CADD AVAILABLE 
FOR PART-TIME WORK. 

ieneric CADD' 6.0 is a feature-rich 
omputer-aided design and drafting 
)01 for those who want high-end 
lerformance at a reasonable price. It's 
deal for the bu y engineer or de igner 
vho may require CADD just part of the 
ime. Today, Generic CADD offer more 
lower than ever. 

IMPORT AUTOCAD 
FILES DIRECTLY 
Xi'ith Generic CADD 6.0 you can ea ily 
mport 2D files from AutoCAD<»-ba ed 
Ie igners and drafting departmentS. Plu , 
ts fast DXF In/Out feature let you work 
vith a myriad of popular CAD, CAM, CAE 
tnd GI oftware. 

NEW FEATURES 
lND EASE OF USE 
~eneric CADD 6.0 has a new macro programming 
anguage to help you e1im­
nate repetitive commands. 
)r even create new fe~­
ure . A multi-view option 
ets you pi it the creen 
nto window each having 
I different zoom factor. Its 
)ilI-of-material generator 
lUild part list and 
eports. And thanks to 
!xren ive online help and 
til-new Morial, you'll be 
)rodUClive in ju t hour . 

Produce p,ufessiollal drawings 
from initial concepts to finished 
productio1l blueprints. 

:OPrnght 1991 Al"odc'~ Rl'l3,II'roduCh All "W"S """",>d. Ge"""< <:ADD ~ a reg,,,,,,,,,,, tr,demark of Autodesk 
.eoil Product<. AutoG\D " n')ti<.tered In .he t S Paten. and Tra<kmark OffICe 17; Autodc,k. Inc \l:OnlPertecr 
nd I"ge.llakcr.", trodemarks or V:-ordPertec1 Corp. ,nd Ak1us Corp. respectIVel, Autod«J. Retail Products. 
1911 \ orth en."k Park" '\" South. llo<hdl. \H 9l<Illl . FAX 206-iR.l-6%9 
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HIGHLY COMPAnBLE 
Generic CADD 6.0 runs on standard de ktop PCs, 
including XTs, ATs, 386s and even laptops. Plus, 

ct EasIly generate process 
\.\. flow, :ystem diagrams 
~ and schematics. 

it works with 
leading word 
proces or , 
de ktop publish­
er and draw 
and paint pro­
grams. Such a 
WordPerfect, 
PageMaker and 
CorelDraw. 

PRICED 
RlGHI­
EVEN FOR 
PART·nME 
WORK 

At 495, you can ea ily ju tify the co t 
of Generic CADD 6.0 even if you use 
it only part of the time. It' so afford­
able every engineer can have a copy. 

at 

"For pure ease of use , 
power, and speed 
at a rea onable price, 
G neric CADD i 
hard [0 beat. " 

~*AUTODESK 
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WE'VE GOT 
THE SElECTION 
THE FEATURFS 

THE PERFORMANCE 
THE DRIVERS 

AND NOW 
THE SOfTWARE. 

We built the first, and we offer the most extensive line of 
DAT data recorders on the market. Choose from 2-16 channel 
models with the features and flexIbility that make it easy for 
you to find a TEAC to fit your specific requirements. Their 

light weigh~ minimal footprint and optiona13-way power 
supply gives you complete portability. And when it 
comes to performance, data recording on DAT is 

And now, to make it easy to set up a computer auto­
mated system, drivers for LabWmdows* and other TEAC 

software packages are available. 
So now the decision is simple. TEAC, the 

only place you need to go for the world's most 
complete line of DAT data recorders with the 

TEAC® 
Information Products Division. 

Circle Reader Action No. 504 
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Data Acquisition 

Limits Alarms 

liZ] Upper O 

E3 24 I Lr' "er 

,/ 

1. Install Data Acquisition Board 
2. Turn on Computer . 

3. Launch LabWindows 
When you start LabWindows~ you'll 

have all the software you need to 
develop your data acquisition and control 
system. LabWindows is a data acquisition, 
data analysis, and graphical presentation 
system - all in one. And it's backed by a 
complete line of plug-in boards and SCXI 
signal conditioning modules. 

from low-cost to high performance. Select 
from AID, D/A, digitalljO, timing I/O, 
or DSP boards for the PC/XT/ATjEISA 
and IBM PS/2. And now, with our 
DAQ Designer" system configuration 
software tool, you can easily determine 
the best plug-in boards and signal 
conditioning products for your application. 

The Choice for Data Acquisition If you're ready to launch your 
With LabWindows, you can use any data acquisition development, 
National Instruments plug-in board ranging Take a Look at Lab Windows. 

For a free LabWindows 
Demo disk and your free 
copy of DAQ Designer call 
us at (S 12) 794-0100 
or (800) 433-3488 
(U. S. and Canada) 

,7. NATIONAL 
,. ~~!!I!~!!~!~: 

6504 Bridge Point Porkway . 
Austin, TX 7873()'5039 
Fox: (512) 794·8411 

BRANCH OFFICES AUSTRALIA 03 8799422 ' BELGIUM 027570020 ' CANADA 519 622 9310 ' DENMARK 45767322 • FRANCE 1 48653370 ' GERMANY 0897145093 
ITALY 02 48301892 ' JAPAN 0337881921 • NETHERLANDS 01720 45761 • NORWAY 03 846866 ' SPAIN 91 8960675 ' SWEDEN 08984970 • SWITZERLAND 056 45 5880 ' U.K. 0635523545 
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2048 X 2048 Pixel, 
72-Bit1Jigita1 
CCDCame,.a 

Also in Europe: Photometrics GmbH. Sollner Str. 61 

This camera can be used for 
high-resolution. low light 
applications Including x-ray 
Imaging and densitometry. 
"mage on nght courtesy of the 
Medical College of Georgia.) 

KAF-4200 CCD 
(2048 x 2048 pixels) 

0-8000 MOnchen 71. Germany. Telefax: 0 89-79-97- 15. Telephone: 089-79-95-80 
ARGENTINA: Laser OptICS SA. tel 01-466-754 • FRANCE: Solreeec. tel 1·34-23-30-00 

80 

ISRAEL: New Technology RK Ltd .• eel 03-324181 • JAPAN: Sekl Technoeron Corp .. tel. 03-3820-1712 
KOREA: Eusung International Corp .• tel: 02-785-1368 • TAIWAN: Gorman Co. Ltd tel 02-392-3170 
SINGAPORE: Astro SCIentific Cenere. tel. 567-4163 

Photometries introduces the world's first 
2048 x 2048 pixel CCO camera with a 
direct digital output and J 2 bits per pixel 
(4096 gray levels). This ultra-high resolution 
camera interfaces directly to Macintosh II. 
286/386 AT bus computers. or VME-based 
systems. 

This camera features : 

• A SCientific-grade CCD image sensor with 

2048 x 2048 pixels (Eastman Kodak KAF-4200) 

• Thermoelectrically cooled camera head 
providing I 2-bit dynamic range (4096 gray 

levels per pixel) 

• A direct digital interface. plug-in 
programmable controller for Macintosh II. 

286/386 AT bus. or VME computers 

• Software for camera control. image 
acquisition. and calibration 

This new Photometries camera is ideal for 
use in film digitization. electron and optical 
microscopy. medical diagnostic imaging 
(with phosphor screens). photodigitization. 
color separation. densitometry. and other 
applications demanding high resolution and 
high dynamic range. 

Photometries has a complete line of cooled 
CCO cameras from 5 J 2 x 5 J 2 to 2048 x 
2048 pixels with 12. J 4. or 16 bits per pixel. 
For end-user and OEM applications 
assistance. please call (602) 889-9933 . 

••• ••• 
PhotometriCs 
World Leader in High Performance CGO Imaging 

Circle Reader Action No. 562 
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Photo courtesy JPL 

Measurements of atmospheric water vapor by NASA 's A VIRIS 
spectrometer are turned into high-resolution maps useful in 
meteorology, climatology, and agriculture. The figure above 
illustrates the results of airborne mapping in a desert area in 
eastern California. Computed column abundances of water vapor 
(right) were compared with a composite three-wavelength image 
(left) and a topographical map (middle). The column abundances 
were found to conform to topography and to decrease with 
surface elevation. See the tech brief on page 55. 
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Market ........ 100 
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Literature .... 1 02 
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Index ......... . 106 

On The Cover: Reflected differential 
interference contrast photomicro­
graph highlights the surface details 
of the high-temperature supercon­
ducting ceramic Bi2S'2CaCu20 X' This 
material is being widely investigated 
due to its unusually high critical 
temperature for superconductivity. 
To learn how NASA is applying 
such superconductors to space 
projects, turn to page 12. 
(Photomicrograph courtesy Mlchaet W. Davidson, 
Ftorlda State University) 

Jet Propulsion Laboratory researchers have produced an 
optical phase-locked loop (page 40) that achieves a phase­
error variance of less than .05 mrad2 with a narrow band loop. 
The system offers applications in fiber optic communications, 
navigation, and scientific instrumentation. Photo courtesy JPL 
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With a 1.25 MB per second transfer rate and a 35 ms average seek time, the 1 GB CY-2OOO 
optical disk drive saves and restores files at hard disk speed. All on a removable media that 
protects your data from unpredictable head crashes. Once you lose your hard disk files, 
they're gone forever. But data stored on the CY-2000 remains secure - and quickly accessible. 

We call it nearline storage, and it's perfect for data-intensive applications like desktop 
publishing, multimedia, digital video, CAD/CAM, medical imaging and more. It's also ideal 
for private databases and security-sensitive files because the disks can be removed and 
stored to prevent unauthorized access. 

What's more, it's fully "plug and play" compatible with your personal computer, mini­
computer, workstation or server. 

With the CY-2000, each disk stores 1 GB, making it twice the capacity of competitive 
optical disk drives. The media are erasable, rewrit­
able, and extremely durable. One platter can last 
over 40 years. And because the disks are small 
and lightweight, you'll enjoy reduced storage and 
shipping costs. 

The CY-2000 is part of our family of data stor­
age products that includes QIC streamers, magneto­
optical disk drives, and 8mm tape drives and 
tape libraries. 

If you want gigabyte capacity. 
fast file access, and the security of 
a removable media, the CY-2ooo 
is a perfect fit Call today for more 
information at (804) 873-9000. 

TRUE "PwG-AND-PLAv" 
CoMPATIBIlITY WITH: 
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RealTime 
Video 

On 
Workstations 

The RGB/View System 
for Mission Critical 

Applications 

The RGB !ViewTM displays live TV or other 
full motion video on workstations and high 
resolution displays. The RGB !View accepts 
video signals (NTSC or PAL) from a camera, 
tape recorder, videodisc or built -in TV tuner. 
FUR input is also available. True color video is 

displayed full screen or as a scaleable window. 

• Real time video under all conditions 

• No Impact on graphics performance 

• Image capture 

• Text and graphics overlays on video 

• Scale, reposition, freeze 

• X-Windows compatible 

• Cable ready tuner 

• Priced from $7500.00 

Applications include C31, robotics, 
interactive videodisc tra ining, 

video teleconferencing, process control, 
surveillance and simulation. 

Standalone peripheral and board level 
models available. 

950 Marina Village Parkway Alameda, CA 94501 
Tel : (510) 814-7000 Fax: (510) 814-7026 
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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 
- Powerful scientific spreadsheet which 
can directly read your Lotus or ASCU 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. 

GRAFfOOL - the right tool for your 
technical solutions. 

GRAFTOOL $495. 
- Interactive demo available 
- Academic discounts. 

~~ 3-D UISIIilNS 
Call Toll Free for Details 

1-800-729-4723 
2780 Skypark Drive, Thrrance, CA 90505 
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These days, it seems as though you constantly hear terms 
like "total quality management;' "design for manufacturing;' and 
"concurrent engineering. " 

All of which point to the underlying concerns in industry 
today: how to best integrate resources in order to reduce time to 
market and production costs, while raising overall product quality. 

At Apple-, we've been focusing on the quality issue for a long 
time - and know that improving quality requires improved 
integration. That's why the Apple- Macintosh-computer is so adept 
at helping people work better - individually and in teams 
throughout an organization. 

Macintosh is the ideal platform for integrating the people, 
information, and technology that drive manufacturing 
productivity - no matter what kind of computing environment 
they operate in. It connects to everything from personal computers 
to UNIX workstations to IBM and DEC hosts. 

Macintosh also supports industry data standards such as IGES 
and DXF. as well as the X-Window protocol through Apples 
MacX~ And it provides SQL-based data access through Apple's 
Data Access Language (DAL) . A complete implementation of UNIX 
System V 2.2 for MaCintosh, AI 3.0, even lets you run a variety 
of UNIX applications. 

All of which make it easier to achieve applications and data 
integration within your organization. In other words, engineering 
can talk to R&D, and manufacturing can share information with 
engineering - even if the departments are running on different 
networks. 

With Macintosh, products get to market faster because 
operating system features like System 7's built-in file and data 
sharing capabilities allow the whole team to keep in touch with the 
latest details - throughout the design and production process. 

And the consistent, nonintimidating MaCintosh environment 
can be used by everyone from designers to mechanical engineers 
to shop-floor operators with very little up-front training time. 

Combine all these benefits witl1 the wealth of powerful 
Macintosh-based applications for everything from CAD to technical 
documentation to shop-floor management, and you'll start seeing 
new levels of quality throughout your organization. 

• 

And you'll understand how the concept of teamwork 
really works. 1b understand more, send for your free "Apple 
Solutions for Engineering" package today. 

Complete and return the .1. 
coupon below. Or call us at App~e 
1-800-732-3131, ext. 929. 

1--------­
Start the process right now. 
Send for your free "Apple Solutions for Engineering" package, 

containing a videotape, product brochures, and other information 
on how Macintosh can help improve product quality in your 
organization. Complete and mail this coupon to Apple Computer, 
Inc., Dept. 929, 703 West Housatonic St., Pittsfield, MA 01201-9816. 
Offer good until September 30, 1992. 

Name Title 

Company 

Address 

City State Zip 

( ) 
Phone 



Palmer 
Peters, a 
Marshall 
Space Flight 
Center re­
searcher, 
investigates 
high-temper­
ature super­
conductors 
for bearings 
applications. 

"Super" Ceramics Take Off 
I

n the five years since the discovery 
of high-temperature superconduc­
tors (HTS), NASA researchers have 
aggressively pursued their poten­

tial to revolutionize space science. 
Projects at NASA field centers are in­
corporating superconductors into com­
munications devices, remote sensors, 
cryogenic systems, and propulsion and 
power systems that promise to extend 
mission life and dramatically improve 
system performance. Several space­
qualified devices and experiments are 
ready for launch this year. Meanwhile, 
basic research into the nature and fab­
rication of HTS materials continues to 
expand the range of both space- and 
ground-based applications . 

High-temperature superconductors 
offer zero electrical resistance at tem­
peratures above 77 K, allowing use of 
inexpensive liquid nitrogen rather than 
liquid helium as a coolant. The naturally 
cold space environment coupled with 
the materials' reduced cryogenic re­
quirements make space an attractive 
environment for pioneering their use. 
Further , studies indicate that the 
technology's high development costs 
will be offset by significant benefits to 
space missions. 

"You always have to we igh the ex­
pense and difficulty (of using high-tem­
perature superconductors) against the 
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gains in performance and knowledge," 
said Robert Romanofsky, a research 
engineer at NASA's Lewis Research 
Center. "It's frequently worthwhile for 
NASA missions because of their one­
of-a-kind nature ." 

Successful fabrication of HTS thin 
films , part icularly of the ceramic 
YBa2Cup7'x' has laid the groundwork 
for numerous signal processing appli­
cations . The program at NASA Lewis 
focuses on integrating thin-film micro­
wave devices into space communica­
tions systems. The technology has the 
potential to improve performance while 
sharply reducing system volume and 
mass: HTS phase shifters offer re­
duced circuit loss with HTS switches ; 
miniaturized microstrip filters can sub­
stitute for bulky waveguide filters with 
no loss in efficiency; and HTS can im­
prove amplifier sensitivity. 

Lewis engineers have fabricated a 
prototype antenna array that signifi­
cantly reduces heat loss. "A pf:1ased 
array antenna employing superconduc­
tors might be used to relay messages 
from a land rover on Mars to a satellite," 
said Romanofsky. 

A rece iver built at Johnson SpacEl 
Center wil l be integrated with a Lewis­
developed antenna for an experiment 
relaying signals from a ground station 
through the Advanced Communication 

Technology Satellite to an HTS an­
tenna/receiver system in a shuttle pay­
load bay. The system offers high sensi­
tivity , low noise , and broad bandwidth. 

Space-qualified microwave devices 
developed at Lewis and the Jet Propul­
sion Laboratory will fly aboard the Na­
val Research Laboratory's High-Tem­
perature Superconductivity Space Ex­
periment (HTSSE) . lntended to demon­
strate the viability of HTS materials in a 
microgravity environment, Phase I will 
carry experiments submitted by 20 or­
ganizations. JPL has provided an HTS 
filter for the HTSSE-1, scheduled for 
launch later this year, and is producing 
with Lewis an X-band hybrid HTS/semi­
conductor receiver for the experiment's 
second phase . JPL also is developing 
local oscillators, mixers , and broad 
bandwidth detectors. 

Two of NASA's Centers for the 
Commercial Development of Space 
(CCDSs) also are involved in HTS de­
velopment. In July, the Consortium for 
Materials Development for Space at 
the University of Alabama will fly an 
experiment on STS-46, in which sam­
ples of partially oxidized superconduc­
tors from industrial and academic 
sources will be monitored to determine 
how to achieve the sharpest transition 
at orbital temperature . And the Univer­
sity of Houston 's Space Vacuum Epi-
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taxy Center plans to send an experi­
ment investigating the growth of HTS 
thin films on the second flight of NASA's 
Wake Shield Facility. 

Improving sensitivity and reducing 
noise in space-based sensors is the 
goal of Goddard Space Flight Center 
investigators. They have employed HTS 
technology in the 

Engineering Challenge 
Despite their unique electrical , ther­

mal, and mechanical properties, cur­
rent HTS materials pose numerous en­
gineering challenges. A significant bar­
rier to wider application is their limited 
power handling: high current densities 
heat the materials above critical tem-

perature, result­

may one day be efficiently stored as 
magnetic energy in a ring of HTS 
material. 

Recent progress in bulk solid fabri­
cation has fueled investigation into 
HTS bearings. Goddard researchers 
are investigating the merits of HTS pas­
sive magnetic bearings based on the 
perfect diamagnetism of superconduc­
tors, known as the Meissner effect. 
Researcher Yuri Flom expects the 
bearings, which operate without physi­
cal contact, to provide "high-speed, 
frictionless, reliable, long-duration, 
and maintenance-free service in hostile 
environments." Potential applications 
include flywheels, canned pumps for 
cryogenics, beam choppers, and tex­
tile spindles. 

development of 
in-frared bolom­
eters designed for 
thermal emission 
spectroscopy on 
outer planet mis­
sions. Transition­
edge, kinetic in­
ductance , and , 
most recently , 
magnetic suscep­
tibility bolometers 
have been proto­
typedandfound to 
offer progressive­
ly better perfor­
mance in terms of 
improved signal­
to-noise ratio and 
ability to identify 
atmospheric mol­
ecules. 

A 64-element superconducting mi­
crostrip antenna, tested at NASA Lewis, 
operates at 30 GHz with a 2 dB higher 
gain than standard antennas at 70 K. 

ing in loss of 
superconductiv­
ity. Research at 
NASA Lewis and 
elsewhere ad­
dressing the fun­
damental char­
acter of high­
temperature su­
perconductors 
seeks to resolve 
engineering and 
fabrication dif­
ficulties while 
looking for new 
and better mate­
rials. 

Early and con­
tinued success 
with HTS thin 
films on a variety 

Rudolf Decher of the Marshall Space 
Flight Center is working on high-thrust 
bearings to replace rolling element bear­
ings in rocket engine turbopumps to 
eliminate maintenance downtime. The 
HTS bearings would likely be used in 
conjunction with hydrostatic bearings, 
which would take over after liftoff. 

Also exploiting the magnetic charac­
teristics of HTS materials are Johnson 
Center researchers developing HTS 
magnetic phased-array antennas for 

Researchers hope the bolometers 
will benefit the data-gathering ability of 
the 1996 Cassini mission to Saturn and 
Titan. "Better detectors exist but re­
quire large amounts of liquid helium 
impossible to take on such long-term 
mis'sions ," said Goddard 's John 
Brasunus. "We hope to optimize the 
new devices to detect longer wave­
lengths." 

HTS may also benefit cryogenics, 
the technology now required for its own 
use. The ceramic superconductors are 
ideal for cryogenic applications because 
they are excellent electrical conductors 
and, unlike metals, extremely poor heat 
conductors. Electrical leads fashioned 
from HTS materials can reduce the 
heat load in systems intended to cool 
space-based sensors, thereby reduc­
ing liquid helium evaporation and ex­
tending mission life. Stephanie Wise, 
an aerospace technologist at Langley 
Research Center, hopes to test the 
viability of this application with HTS 
wire strips launched aboard the Comet 
service module in 1995. Using 
YBa

2
Cu

3
0 7•x for the sensor leads on the 

SAFIRE (Spectroscopy of the Atmo­
sphere by Far Infrared Emission) mis­
sion later in this decade could extend 
the mission's life by more than five 
percent. According to Wise, there is 
commercial interest in the circuitry, per­
haps for ground-based cryocoolers. 
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contrasts with 
slower progress 
in the develop­
ment of bulk sol-

of substrates 
attraction/repul­
sion systems. 
These could be 
used for space 
vehicle docking, 
pushing a satel­
lite out of a shut­
tle bay , or as 
a tetherless as­
tronaut rescue 
system. 

ids and wire , 
which are needed 
for applications 
with high current 
density or critical 
magnetic field re­
quirements such 
as power and 
propulsion sys­
tems. NASA re­
cently approved 
a Phase II Small 
Business Innova­
tion Research 
(SBIR) grant to 
Creare Inc. for 
the ground-dem­
onstration of a 
passively-cooled 
HTS power trans­

This bolometer, developed at the 
Goddard Space Flight Center for inter­
planetary missions, uses an HTS thin 
film to detect temperature increases due 
to absorbed infrared radiation. 

"The amount 
of energy you 
can store in a 
superconductor 
has increased 
ten-fold in the 
last few years," 
said chief tech­
nologist Kumar 
Krishen. "I expect 
that many appli­
cations will be­
come cost-effec-

mission line, the feasibility of which was 
demonstrated in Phase I. 

"At present, HTS power transmis­
sion lines are cost-effective only for 
moving large amounts of power over 
long distances," said Paul Aron, deputy 
chief of the Photovoltaics Branch at 
NASA Lewis. "Such a line could deliver 
power generated by a space-borne 
nuclear power plant to a manned space 
facility, or across the surface of the 
moon." Power delivered by HTS lines 

tive on the ground." 
This September, Krishen will serve 

as program chairman of the third an­
nual World Congress on Superconduc­
tivity in Munich, Germany. NASA is co­
sponsoring the event, at which 24 na­
tions will discuss the current status and 
future prospects of HTS technology. 0 

For more information about NASA 's super­
conductivity research, contact Martin M. 
Sokoloski, Program Manager, NASA Head­
quarters, Washington, DC 20546. 
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Introducing new RISe System/6000 PO~Rstation 

If you re interested in open system but don't want to 
uffer the lings and arrows of outrageou price, 

IBM i about to hit you where you live. The RISC 
Sy tem/6000"" POWERstation 220 gives you more 
wallop for your money, while delivering a hefty 25.9 
SPECmarks:" That's compared to the S N IPC's"" 13.4 
SPECmarks and the DEC5000's"" 17.8. 

Entry Entry 
Model Grayscale 6-bitColor 

Workstation"" Workstationt 

IBM 220W $7,165 $9,995 

HP705/710 $6,415 $14 ,065 

Scientists see stars" 
CASE users can start 
with a gray cale work­
station with a paging 
disk lor ju t $7,185. If 
it's CAD clout you're 
after, you can get a 
workstation specially 
outfitted for mechani­
cal design-with 2D 
color graphic and 
400MB of lixed 
di k torage-for only $9,995. All model in the 
POWERstation 220 serie comc with two expansion 

"In Canada, call 1 BOO 465-1234. "16MB, Paging Disk, Display, Operating System, Graphical User Interface . .,6MB, 400MB Disk, Display, Operating System, Graphical User Interface 
IBM IS a registered trademark and RISC System/6000 is a trademark of International BUSiness Machines Corporation SPECmark IS a geometrIC mean of the ten SPECmark tests and IS a 
trademark of Standard Performance Evaluation Corporation. All SPECmark figures listed are as published by the" respective manufacturers. All prices listed are MSRP. Remarketer prICes n 
vary. IPC IS a trademark of Sun MlCrosystems, Inc. DECSOOO is a trademark of Digital EqUipment Corporation UNIX IS a registered trademark of UNIX Systems Laboratoroes HAGAR THE 
HORRIBLE Character(s) © 1992 King Features Syndicate, Inc. © 1992 IBM Corp. 



.--et more·c out~ 
co ere • 

lnd POWERservers that pack more punch for less. 

slot and upgradable components. And indu try­
tandard memory upgrades and add-on for both 

are affordable, so growin g won' t be a pain. 

triking a b low for bu ines . The POWER erver 
220 is great for commercial NIX® olution , too. 
You can configure it as a commer ial erver, to give 
your bu -inc s the peed, mu cle and op nn of 

NIX, for only $9,715. nd the POWER Cry r 220 
i a e pandable as all our other model . 

machines, configure your network and integrate 
all your systems, whether they' re made by IBM or 
not. And IBM redit Corporation ha flexible 
financing packages to m et your need. Get hit 
with the detai l . Call you r IBM marketing repre-
entative or Bu ines Partner. For literature, call 

1 800 IBM-6676, ext. 769"! 
And, for tho e who decid to hop for IX 

solutions elsewhere, a word of advice. Duck. 

IBM is in you r cornel: Nobody else 
d livers the knockout upport of IBM. n 
IBM customer engineer can install your 

&rhe RISe System/6000 

P For the Power Seeker. 
==.:: ~ ~ - - ------- - ---- - - ----------- ,-



New Product Ideas 
New Product Ideas are just 
a few of the many innovations 
described in this issue of 

appropriate section in this 
issue. If you are interested in 
developing a product from 
these or other NASA innova­
tions, you can receive further 
technical information by 
requesting the TSP referenced 

at the end of the full-length article 
or by writing the Technology 
Utilization Office of the sponsoring 
NASA center (see page 18). 
NASA's patent-licensing program 
to encourage commercial develop­
ment is described on page 18. 

NASA Tech Briefs and having 
promising commercial applica­
tions. Each is discussed further 
on the referenced page in the 

Tool Changer for Robot 
A mechanism allows a robot to change 

tools on the end of its arm. It needs no ad· 
ditional electrical or pneumatic energy to 
make or break the connection. 
(See page 71) 

Probe and Drogue for Quick 
Attachment and Detachment 

This mechanism attaches and detaches 
parts quickly and locks them together posi· 
tively. It accommodates a large alignment 
error when parts are brought together. 
(See page 88) 

Laterally Coupled 
Distributed-Feedback Lasers 

This design can be fabricated in fewer 
steps than prior laser designs of this type. 
The new design was demonstrated in single 
mode at 9,054 A. 
(See page 24) 
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an hoIn 11M filii' CIITIIII ClIft IIIIInI 
meIhoIIs willi .... TabllClnt .3.01 
TableCwve will tit and rank 3320 linear 
and non-linear equations to your dataset 

one automated processing stepl Step 
through ranked equations, view residuals, statis-
tics and graphs - and output data and graphs eas­
ily in a variety of formats! Features include: 
A 3,320 Linear and Non-linear equations 
Includes polynomial, 
rational, peak (Gaus­
sian, Lorentzian, etc), 
transition, waveform 
and many others. 
Select only the equa­
tion groupings of 
interest or let Table 
Curve tit all equations 
to your datal 
A User defined 
equations Deline your 
own equations -
TableCurve tits and ranks them along with the 
extensive list of built-in equations. 
A Extensive fitting and ranking choices Choose 
rurve titting algorithm (Singular Value Decomp., 
Gauss-Jordan, LV Decomposition), best tit rank­
ing criteria (DOF adj. 1", Fit Std Error, F-statistic 
and Std 1"), smoothing functions (polynomial 
interpolation, FFT and Lowess) and morel 
A High speed processing Automatically tit and 
rank all 3,304 linear equations to a 50 point 
dataset in 46 seconds (using 80386SX, 16MHz 
with math coprocessor). Iteratively tit non-linear 
equations are also processed in amazing speed! 
A Unique graphical review process Graphically 

Fastener for Hot, 
Oxidizing Environments 

This threaded fastener is designed for 
service at extremely high temperatures in 
oxidizing atmosphere. The fastener is made 
from a ceramic-coated composite material. 
(See page 84) 

Expandable 
Compartmental Storage 

A new storage cabinet has racks that hold 
articles in net compartments. The stored 
articles are visible and quickly accessible. 
(See page 79) 

Lightweight, High-
Yield Photocathode 

A commercially produced quartz cloth 
increases the electric current emitted by 
an aluminum photocathode. At 4 kV, cur­
rent increased by a factor 667. 
(See page 33) 

Ferroelectric/Optoelectronic 
Memory/ Processor 

A proposed nonvolatile analog memory 
and data processor could perform massive­
ly parallel inner-product or matrix-vector 
computations at high speed, using optical 
inputs. Practical applications would include 
optical computing, recognition of patterns, 
neural networks, and other operations with 
ultradense memories. 
(See page 28) 

Axial-Loading Circum­
ferential Dovetail 
Turbine-Blade Mount 

Here the blades are mounted in the rotor 
disk in axial direction. The new configura· 
tion allows circumferentially longer and 
therefore stronger dovetail joints. 
(See page 77) 

TableCulVe· ...... 
Automated C FIDI Software 

One Step Fits 3,320 Linear and 
Non-linear Equations to 
Your Data-Automaticallyl 

view the tit of each equation to your data by 
pressing a key. Also obtain a full numerical 
review of contidence! prediction limits, residuals 
and other statistics. 
A Flexible data input/output Import a huge 
dataset from ASCII, Quattro Pro~ Lotus~ dBase~ 
and other formats. Customize selected graphs 
and output to a variety of devices including 
LaserJet,e PostscriptN printers, or export directly 

Circle Reader Action No. 580 

to SigmaPlot,e Lotus and more! 
A Export programming code for any selected 
equation Automatic code generation for pr()­
gramming in C, Pascal, FORTRAN, and several 
BASIC languages. 
A Outstanding ease of use With a superb user 
interface, full mouse support and extensive on­
line help, TableCurve brings powerful linear and 
non-linear curve titting to your PC in an easy-t()­
use, intuitive formal 
TableCwve is reasonably priced, backed by a full 

money-back guarantee and one of the strongest 
technical support staffs in the industry. Call 
Jandel today for more information on TableCurve 
and other scientific software: 1-800-874-1888 
(inside U.S.) or 1-415-453-6700. 

Our European office is: 
SchimmelbuschstnSe 25 
[).4006 Erlaath 2 • FRG 
02104136098 
02104136099 
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AN APPLICATIONS EXAMPLE. 
Wltile the following example is for air­
craft, it could apply to any air, land, sea 
or space system. 

SEQUENCE ONE: The four-pushbutton 
display reads "ENGINE START," "BAT­
TERY OK," "FUEL OK," OXYGEN OK ." 
The operator selects "ENGINE START." 
SE QUENCE TW O: The four ­
pushbutton display now changes to 
read "ENGINE OK ," "HYDRLC OK ," 
"POWER OK," "CHECKUST." Theoper­
ator selects "CHECK UST." 
SE QUENCE T HR EE: The four­
pushbutton display now reads "CHECK 
ICE " " CHECK FLAPS " " CHECK 
BRAKE," "SYSTEM OK ." in this man­
ner, the designer can program in as 
many sequences as required. 



HOW YOU CAN HENERT I f you're a regular reader of TECH BRIEFS, then you're already making use of 

one of the low-and no-cost servoces provided by NASA's Technology U~lIzatlOn 
(TU) Network. But a TECH BRIEFS subscnptlOn represents only a fraction of 
the technical Information and applicahonslenglneenng servICes offered by the 
TU Network as a whole. In fact . when all of the components of NASA's 
Technology Uhhzatoon Network are considered TECH BRIEFS represents the 
proverbial tiP of the iceberg. 

FROM NASA's 
TECHNOLOGY 
UTILIZATION 
SERVICES 

We've outhned below NASA's TU Network-named the partICipants, de­
scnbed their services, and listed the Individuals you can contact for more 
InlormatJon relating 10 your specifIC needs . We erocourage you to make use of 
the InformatIOn, access, and applocatoons servICes offered by NASA's Technol­
ogy Utilization Network 

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

I
f you need further information about new technologies presented in NASA Tech Briefs, 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 Clr. John C. Stennis Langley Research Clr. Patent Counsel: Mail Stop 156·211 Lyndon B. Johnson 
Technology Utilization Space Center Technology Utilization R. Dennis Marchant 4800 Oak Grove Olive Space Center 
Officer:Geoffrey S. Lee Technology Utilization Officer: Joseph J. Mail Code 204 Pasadena, CA 91109 Technology Utilization 

Mail Code 223·3 Officer: Robert Mathis, Jr. Greenbelt, MD 20771 (818) 354-2240 Officer: Dean C. Glenn 

Moffett Field, CA 94035 Barlow Head, TU & AO Office (301) 286·7351 George C. Marshall Mail Code IC-4 

(415) 604-4044 Code HA·30 Mail Stop 200 Jet Propulsion Lab. Space Flight Center Houston, TX 77058 
Patent Counsel: Stennis Space Center. 10 West Taylor Road, NASA Resident Office Technology Utilization (713) 483-3809 
Darrell G_ Brekke MS 39529 Hampton, VA 23665-5225 Technology Utilization Officer: Ismail Akbay Patent Counsel: 

Mail Code 200·11 (601) 688·2042 (804) 864·2484 Oflicer: Aril Husain Code AT01 Edward K. Fein 
Moffett Field, CA 94035 John F. Kennedy 

Patent Counsel: Mail Stop 180·801 Marshall Space Flight Mail Code AL3 

(415) 604-5104 Space Center 
Dr. George F. Helfrich 4800 Oak Grove Drive Center, Houston, TX 77058 

Lewis Research Center Technology Utilization 
Mail Stop 143 Pasadena, CA 91109 AL 35812 (713) 483-4871 

Technology Utilization Officer: James A. 
9A Ames Road, (818) 354-4862 (205) 544-2223 NASA Headquarters 

Officer: Anthony F. Aliberti 
Hampton, VA 23865·5225 Palent Counsel: Fax (205) 544·3151 Technology Utilization 

Ratajczak Mail Stop PT-PMO·A 
(804) 864-3221 Thomas H. Jones Patent Counsel: Officer: Leonard A. Ault 

Mail Stop 7·3 Kennedy Space Goddard Space Flight Mail Code 180-801 Robert L. Broad, Jr. Code CU 
21000 Brookpark Road Center, FL 32899 Center 4800 Oak Grove Drive Mail Code CCOl Washington, DC 20546 
Cleveland , OH 44135 (407) 867-30 17 Technology Utilization Pasadena , CA 91109 Marshall Space Flight (703) 557-5598 
(216) 433·2225 Patent Counsel: Officer: Donald S. (818) 354-5179 Center, Assistant General 
Patent Counsel: Bill Sheehan Friedman Technology Utilization AL 35812 Counsel for Patent 
Gene E. Shook Mail Code PT-PAT Mail Code 702 .1 Mgr. for JPL: Dr. Nor- (205) 544-0021 Matters: Robert F. 
Mail Code LE-LAW Kennedy Space Greenbelt, MD 20771 man L. Chalfin Kempf, Code GP 
21000 Brookpark Road Center, FL 32899 (301) 286-6242 Washington, DC 20546 
Cleveland, OH 44135 (407) 867-2544 (202) 453-2424 
(216) 433-5753 

How You Can Utilize NASA's Regional Technology Transfer Centers (RTTCs) - A nationwide network 
offering a broad range of technical services, including computerized access to over 100 million documents worldwide. 
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y ou can contact NASA's network of RTTCs for assistance in solving a specific technical problem or meeting your information needs. The "user friendly" 
RTTCs are staffed by technology transfer experts who provide computerized information retrieval from one of the world's largest banks of technical 

data. Data bases, ranging from NASA's own data base to Chemical Abstracts and INSPEC, are accessible through the six RTTCs located throughout the 
nation. The RTTCs also offer technical consultation services andlor linkage with other experts in the field. You can obtain more information about these 
services by calling or writing the nearest RTTC. User fees are charged for information services. 

REGIONAL TECHNOLOGY TRANSFER CENTERS (RTTCs) 

RTTC Directors 

NORTHEAST 

Dr. William Gasko 
Center tor Technology 

Commercialization 
Massachusetts Technology Park 
100 North Drive 
Westborough, MA 01581 
(508) 870·0042 

MID-ATLANTIC 

Ms. Lani S. Hummel 
University of Pittsburgh 
823 William Pitt Union 
Pittsburgh, PA 15260 
(412) 648-7000 

SOUTHEAST 

Mr. J. Ronald Thomton 
Southern Technology Application 
Center 

University of Florida 
College of Eng. 
Box 24 
One Progress Boulevard 
Alachua, FL 32615 
(904) 462-3913 
(800) 354-4832 (FL only) 
(800) 225·0308 (toll-free US) 

MID-CONTINENT 

Dr. Helen B. Dorsey 
Texas A&M UniverSity 
237 Wisenbaker Engineering 
Research Center 
College Station, TX 77843-3041 
(409) 847-9217 

MID-WEST 

Dr. Joseph W. Ray 
Great Lakes Technology Transfer Center 
25000 Great Northem Corp. Center 
Suite 450 
Columbus, OH 44070-5310 
(216) 734-0094 

FAR-WEST 

Mr. Robert Stark 
Westem Research Applications Center 
University of Southem Califomia 
3716 South Hope Street, 
Suite 200 
Los Angeles, CA 90007-4344 
(213) 743·6132 
(800) 642-2872 (CA only) 
(800) 872·7477 (toll-free US) 

If you are interested in information, applications, research , training , and services relating to satellite and aerial data for Earth resources, contact NASA's 
transfer point for earth observing technology: Technology Application Center, University of New Mexico, 2808 Centraf, S.E" Albuquerque, NM 
87131-6031 ; Dr. Stan Morain, Director (505) 277-3622, 

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 Appl ication Team, Research Triangle Institute, P.O. Box 12194, Research 
Triangle Park, NC 27709; Dr, Doris Rouse, Director, (919) 541-6980 

A Shortcut To Software: COSMIC"-For software developed with NASA 
funding, contact COSMIC, NASA's Computer Software Management and Informa· 

tion Center. New and updated programs are announced in the Computer Programs 
section. COSMIC publishes an annual software catalog. For more information call 

or write: COSMI ,382 East Broad Street, Alhens, GA 30602 John A. Gibson, 
Director, (404) 542-3265: FAX (404) 542-4807. 

If You Have a Question .. NAS A Center For A eroSpace I n for­
mat ion can answer questions about NASA's Technology Utilization Network and 

its services and documenls. The CASI staff supplies documents and provides 
referrals. Call , wrile or use the feedback card in this issue to contact: NASA Center 
For AeroSpace Information, Technology Utilization Office, P.O. Box 8757, 
Baltimore, MD 21240-0757. WanerM. Heiland, Manager, (410) 859·5300, Ext. 245. 
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If you dorit think 
our real-time systems 

have taken oft: consider 
some of the programs 

weve landed. 
You already know the significance of the Alsys name when it comes to quality Ada. But you may not have realized 
that over half of our business is in-and over half of all our resources are devoted to-real-time applications. Right 
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and do both within budget, the first step is easy: send in the 
coupon, or call 617-270-0030. We'll rush you a handbook 
detailing some powerful reasons why you should consider 
enlisting our support. Alsys. We're serious about real-time. 

Circle Reader Action No. 477 

(company) (phone no.) I 
(name) (tiok) 

(.dd .... ) 

Alsys. lnc .• 67 South Bedford Street, Burlington, MA 01803-5152, I phone: 617-270-0030 fax: 617-.,7ILl.ww., 
A1sys maintains major operations 
in the U.S .• Sweden, France, 
England, Germany and Japan. 

A ThOllDSOlll-CSF 
-~ 



~I 
Electronic Components and Circuits 
Hardware, Techniques, 28 Ferroelectric/Optoelectronic Books and Reports 
and Processes Memory/Processor 35 Mathematical Modeling of 
20 Infrared Multiple-Quantum- 30 AI.Gat_. As Single-Quantum- a Nuclearrrhermionic 

Well Phototransistor Well Surface-Emitting lasers Power Source 
20 Channelized-Coplanar- 32 "Forback" dc-to-clc Converters 

Waveguide PIN-Diode 33 lightweight, High-Yield 
Switches Photocathode 

24 laterally Coupled Distributed- 34 Control Circuit for Reed-
Feedback lasers Solomon Encoder 

~~ Infrared Multiple-Quantum-Well Phototransistor 
Photocurrent would be amplified, and dark current would be suppressed. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed npn AlxGa1_xAs phototran· 
sistor would incorporate a multiple-quan· 
tum-well (MOW) infrared photodetector. 
This internal MOW photodetector would 
have n·doped contacts and would be em­
bedded between the p-doped base region 
and the n-doped collector region of the 
transistor (see figure). The heterostructure 
of the transistor would be such that the 
gap between the valence and conduction 
electron·energy bands would be greater 
in the emitter than in the base. As a con· 
sequence, the electric field at the junction 
between the emitter and the base would 
block the hole current, thereby reducing 
the dark current. Moreover, the quantum· 
well barriers would be made relatively 
thick to reduce quantum tunneling be­
tween the quantum wells, thereby reduc· 
ing the dark current further. 

The incident radiation would excite elec­
trons in the base/collector junction. The 
resulting change in the charge of the base 
would alter the potential across the base/ 
emitter junction, causing the emitter to in­
ject electrons into the base. Provided that 
the lifetime of the injected electrons in the 
base exceeded the time of transit of these 
electrons across the base, normal tran­
sistor action would produce current gain. 
With an applied bias and the base con­
tact floating, the photogenerated carriers 
would contribute a photocurrent Iph in the 
collector. The total collector current, Ic' 

Emitter Base Collector 

Conduction 
Band 

~ ................. JCtr". 
Valence 

MOW I N·AIGaAs I Band Material: I N·AIGaA. II p-GaA. II 
Graded Concentration of AI I ~ 

From GaAs 10 AIGaAs ~ t ntrln.,c AIGaA. Barrler~, 
The AI, Ga,_,As Infra­
red Phototransis­
tor would include a 
mu ltiple-quantum­
well detector in its 
base/collector region. of the Nearby Layer N Doped GaAs Quantum Wells 

would be given by 
Ic = (1+ (3)/ph 

where the transistor gain, (3, would be of 
the order of 100. 

By making the MOW long (preferably at 
least one characteristic length for the ab­
sorption of photons of the wavelength of 
interest), it would increase the quantum 
detection efficiency. It would allow the 
base region to be kept small - a require­
ment for achieving high transistor gain. 
The high electric field in the collector/base 
junction portion of the MOW region would 

rapidly sweep the photoexcitec electrons 
from the junction, increasing the response. 
The coupling of radiation to the phototran­
sistor could be enhanced by directing the 
radiation along the MOW detector with a 
diffraction grating or other device to match 
the selection rule of the intersubband tran­
sitions in the quantum wells . 

This work was done by Shmuel I. 
Borenstain of Caltech for NASA's Jet Pro­
pulsion Laboratory. For further informa­
tion, Circle 78 on the TSP Request Card. 
NPO-17980 

~~ Channelized-Coplanar-Waveguide PIN-Diode Switches 
Isolation exceeds 20 dB, while insertion loss is less than 1 dB. 

Lewis Research Center, Cleveland, Ohio 
As part of a NASA effort to develop 

coplanar waveguide (CPW) into a viable 
alternative to microstrip for microwave and 
millimeter-wave circuits, three different 
positive/intrinsic/negative (PIN-diode) re­
flective CPW switches have been demon­
strated. The first switch includes a series­
mounted diode to bridge a gap in the 
center strip conductor of the CPN. The sec-

20 

ond switch includes a pair of diodes to 
short the center strip conductor to the 
ground planes. The third switch includes 
a diode to switch between a band-pass 
filter and a notch filter. 

The top part of the figure shows the lay­
out and an equivalent electrical circuit of 
the series-mounted diode switch. The equiv­
alent circuit of the series gap is represent-

ed by the capacitive circuit. When the diode 
is forward biased, the coupling capacitor, 
Cc' is shorted by the low impedance of 
the diode, permitting the radio-frequency 
signal to propagate unattenuated. The iso­
lation of the switch is determined by the 
high impedance of the reverse-biased 
diode and Ce. Because the impedance of 
the coupling capacitor decreases with in-
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design decision isn't just important. It's critical. 

In your business, success comes to those 
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system available. 
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I I 
SERIES SWITCH 

Sirips of 
Coplanar 
WavegUide 

Note Ag == Wavelength In the 
Coplanar WavegUide 

SHUNT SWITCH 

LJUlJi _ _ ----'i1JlJJ 

Forward 
Bias 

~ Eleclrlcally 
~ Closes Gap 

Diode Unbiased Diode Forward Biased 

SWITCHED·SERIES STUB SWITCH 

CPW PIN-Diode Switches have been bu ilt in these three 
configurations. 

creasing frequency, the isolation deteriorates at higher fre­
quencies. Therefore, this switch is limited to use at lower 
frequencies, or else matching circuits must be used to reso­
nate-out the coupling capacitance in the "off" state. 

The middle part of the figure illustrates the shunt-mounted 
diode switch. When the diodes are forward-biased. the slots 
are loaded by the low impedance of the diode. This low 
impedance presents an effective short circuit to the radio­
frequency signal , which is, therefore, reflected. Additional 
pairs of diodes spaced a quarter wavelength apart can be 
used to increase the isolation of the switch. 

A switched filter is illustrated at the bottom of the figure. A 
diode is used to switch between an open-circuit-terminated 
series stub and a short-circuit-terminated series stub. For a 
stub one-quarter wavelength long. this is equivalent to switch­
ing between a band-pass filter and a notch filter. Because of 
the high Q (the ratio of reactance to resistance) of the notch 
filter, very-narrow-band, high-isolation switches can be made. 

All three switches have been fabricated with beam-lead 
PIN diodes and tested. The measured isolation for each 
switch was greater than 20 dB, and the insertion loss was 
less than 1 dB. 
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PRINCIPLES OF QUAliTY MEASUREMENT: THIRD IN A SERIES. 

TOTAL 
When talk about quality turns into 
action, you 're the one out in front. 
Because quality improvement 
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This work was done by G. E. Ponchak 
of Lewis Research Center and R. N. 
Simons of Case Western Reserve Univer­
sity. Further information may be found in 
NASA TM-102289 [N90-11943], "Channel-

ized Coplanar Waveguide Pin-Diode SWit­
ches." 

Copies may be purchased [prepayment 
required] from the National Technical Infor­
mation Service, Springfield, Virginia 22161, 

Telephone No. (703) 487-4650. Rush orders 
may be placed for an extra fee by calling 
(800) 336-4700. 
LEW-15080 

~ Laterally Coupled Distributed·Feedback Lasers 
Gratings would be located laterally (instead of longitudinally) next to ridge waveguides. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Distributed-feedback semiconductor la­

sers of a proposed design called "laterally 
coupled" would feature Bragg gratings lo­
cated on the top surfaces next to the sides 
of the ridge waveguides that CNerlie the gain 

Blue without a clue? 
AMCOBILITY now combines 
fast delivery and unsurpassed 
product availability with new color 
availability. So you don't have to order 
only blue. And you don't need to be 
blue anymore. 
Especially when there's an AMCO 
catalog around with 44 colorful pages 
of our quality consoles, computer 
desks, work-benches, portable cabinets, 

regions of the laser resonators. The figure 
shows a proposed laterally coupled distrib­
uted-feedback laser along with (1) a distrib­
uted-feedback laser of prior design in which 
the Bragg grating is located underneath the 

cooling units, and 
accessories. All in stock. 

All available in 19 standard 
AMCO colors. And 

all ready to ship in 
just 5 working days. 
Call for our Fast 
Delivery Product 
Catalog. And you'll 
beat the blues in 
plenty of time. 

1.-\-\-\-\ I I=i .. IY·I AMCO Engineering Co. 
••••••• • ® 3801 N. Rose St. • Schiller Park, IL 60176-2190 

Call Toll Free: 1·800·833·3156 • In III;no;s: 708·671·6670 

24 

See us at: Comdex Chicago, IL 416·419 Booth #356 
NAB Las Vegas, NV 4113-4116 Booth #16412 
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ridge waveguide, and (2) a laser of related 
prior design called "distributed Bragg re­
flector:' in which the Bragg reflector is locat­
ed at one end of the ridge waveguide. 

Both of the prior designs involve disad­
vantages. Distributed-Bragg-grating lasers 
have more-complicated shapes, and, there­
fore, more steps are needed to fabricate 
them. The fabrication of distributed-feed­
back lasers is simpler, but undesirable scat­
tering occurs at the discontinuities between 
the Bragg gratings and the overlying layers 
of the laser structures. 

In comparison with the devices of both 
prior designs, the proposed laterally cou­
pled devices could be fabricated in fewer 
steps. The scattering would also be sup-

Current 
Ridge 

Waveguide 

Current 
- Out 

PROPOSED: LATERALLY COUPLED 
DISTRIBUTED-FEEDBAC!K LASER 

Bragg 
Grating 

_ (Buried) 

DISTRIBUTED-FEEDBACK LASER 
(PRIOR DESIGN) -

DISTRIBUTED-BRAGG-REFLECTOR 
LASER (PRIOR DESIGN) 

A Laterally Coupled Distributed-Feedback 
Laser offers advantages over lasers of two 
related prior designs. 
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Mathcad 3.1. 
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use, just click-n-paste them into your 
work. Without ever opening a reference 
book. 

And now there are three new 
optional Electronic Handbooks~ 
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NASA's shuttle 
shakes, rattles, 
and rolls with Spiralock: 
seH-locklng fasteners. 

During launch the main shuttle engines develop 400,000 
Ibs of thrust. And bone shaking vibration. NASA needed 
engine component fasteners capable of withstanding severe 
stress and vibration ... but also capable of repeated re-use. 

That narrowed it down to Spiralock. The unique female 
thread form that locks any standard male fastener firmly in 
place without resorting to split washers, deformed threads, 
nylon plugs, or chemical bonds. 

NASA tests demonstrated that the fasteners in Spiralock 
threaded holes and nuts would not back off or loosen when 
subjected to 10 times shuttle specified vibrations. And, they 
stayed that way under that vibration loading for a period 10 
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NASA also wanted a 15-cycle reuse capability per fastener. 
Spiralock delivered 50, with no loss of clamping power. 

How nworks. 
The female thread form in holes and nuts produced by 
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fastener until clamp load is applied. Then, the crests of the 
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pressed. In a laterally coupled distributed­
feedback laser, the gratings would interact 
with the lateral evanescent electromagnetic 
fields, producing the feedback that would 
support oscillation in a single mode. 

By etching the ridge waveguide and 
grating separately, precise control over the 
grating depth is achieved, yielding precise 
control over the amount of grating coup­
ling. A single-mode laterally coupled DFB 
laser has been demonstrated operating 
single-mode at 9054 A wavelength based 

on this structure. 
This v.ork was done by Robert J. Lang 

and Siamak Forouhar of Caltech, and 
Richard C. Tiberio and George Porkolab of 
Cornell University for NASA's Jet Propul· 
sion Laboratory. For further information, 
Circle 142 on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel. NASA Resi­
dent Office-JPL {see page 18}. Refer to 
NPO-18393. 

Ferroelectric/Optoelectronic 
Memory/Processor 
A planar memory array would perform massively 

parallel analog computations. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed hybrid optoelectronic non­

volatile analog memory and data proc­
essor would comprise a planar array of 
microscopic photosenSitive ferroelectric 
capacitors. The processor could perform 
massively parallel inner-product or ma­
trix·vector computations in real time and 
at high speed, using optical matrix or vec­
tor inputs. Alternatively, the processor 
could serve as an analog memory array 
addressable by an optical contact less gate 
for serial readout. Processors of this type 
would overcome the electronic crosstalk 
and the limitations on the number of inputl 
output contacts inherent in electronic imple­
mentations' of large interconnection arrays. 
They could be used in general optical com­
puting, recognition of patterns, artificial 
neural networks, and other applications 
that require massively parallel inpuVoutput 
operations with ultradense memories. 

The processor would be fabricated on 
a silicon substrate. The microscopic fer­
roelectric capacitor that constitutes each 
memory element would include a metal 
electrode on the substrate; an intermediate 
layer of ferroelectric material, and a trans­
parent outer electrode (see figure). The 
remanent electric polarization of the fer­
roelectric material would be the analog 
representation of the content of the mem­
ory element. 

Multiplication or readout of the content 
would be based on the fact that illumina­
tion of a ferroelectric material with photons 
of energy near its bandgap gives rise to 
a photocurrent proportional to the product 
of the remanent polarization and the in­
tenSity of the light. The photogenerated 
charge carriers would move along the in­
ternal electric field generated by the rema­
nent polarization, contributing to the overall 
photocurrent and to the photogenerated 
electromotive force. 

Output and Transparent Outer Electrode 
Programming (Gold, Indium Tin Oxide, or 

Contacts Titanium Oxide) 

Programming 
Voltage 

(When 
Requi red) 

Inner Electrode 
(Platinum) 

A Photosensitive Ferroelectric Memory 
Element would put out a current propor­
tional to the optical input and to the rema­
nent polarization of the ferroelectric 
material. An array of such elements would 
constitute an ultradense memory and op­
toelectron ic processor. 

Suppose, for example, that each element 
of memory represents one element of a 
pattern. The remembered pattern could be 
compared with the illuminating pattern 
by summing the outputs of all the ele­
ments, thereby effectively taking the inner 
product of the two patterns. As an exam­
ple of another mode of operation, one 
could illuminate the array with a pattern 
that represents a column vector and 
obtain a matrix·vector product by sum­
ming the output currents of the elements 
in each row. 

Each memory element could be pro­
grammed with the desired remanent 
polarization by applying a voltage for a 
specific time. Typically, for a programming 
voltage of < 5 V, the programming time 
would range from 100 ns to 1 ms, depend-
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ing on the desired analog level. A dynamic 
analog resolution of 10 bits should be 
achievable. Memory elements could be as 
small as 10 by 10 J.l1T1. Output current den­
sities could range from about 0.1 to 10 
pAfcm2 for incident optical signals from 
about 0.1 to 10 mW/cm2. 

This work was done by Sarita Thakoor 
and Anilkumar P. Thakoor of Caltech for 

NASA's Jet Propulsion Laboratory. For 
further information, Circle 81 on the TSP 
Request Card. 

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 

Edward Ansell 

Director of Patents and Ucensing 
Mail Stop 305-6 
California Institute of Technology 
1201 East California Boulevard 
Pasadena, CA 91125 

Refer to NPCJ..18222, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 

~JAlxGa1-xAs Single-Quantum-Well Surface-Emitting Lasers 
Powers and external differential quantum efficiencies exceed those of prior devices configured similarly. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
The figure illustrates a surface-emitting 

solid-state laser that contains an edge-emit­
ting Alo.08Gaa.90s single-quantum-well 
(SOW) active layer sandwiched between 
gradecJ..index-of-refraction separate-confine­
ment-heterostructure (GRINSCH) layers of 
AlxGa1_xAs and that includes etched 90° 
mirrors and 45° facets to direct the edge­
emitted beam perpendicularly to the top 
surface. The lasers of this type resemble 
the ones described in the preceding arti­
cle, "Pseudomorphic-lnxGa1_xAs Surface­
Emitting Lasers" (NPO-18243), with the 
principal exception of the distribution of 
materials in the GRINSCH and SOW layers. 

Perot laser technology. The structures, ma­
terials, and processes for the fabrication 
of lasers of both types are compatible with 
those of other optoelectronic devices. Con­
sequently, these lasers are suitable for in­
corporation into optoelectronic integrated 
circuits for photonic computing; e.g., op­
toelectronic neural networks. 

Prototype lasers like the one shown in 
the figure were fabricated from a wafer 
grown by metal-organic vapor-phase epi­
taxy on a (100) n+ GaAs substrate with 
an n+ GaAs buffer layer. The GaAs and 
AlxGa1_xAs layers were grown by use of 

trimethylgallium, trimethylaluminum, and 
arsine. Sources of p and n doping were 
diethyl zinc and silane, respectively, in 
hydroge~. The Alo.08Gaa.~ active layer 
was 90 A thick. The two GRINSCH layers, 
each 1,400 A thick, were made by line­
arly grading the mole fraction , x, of AlAs 
from 0.2 to 0.6. The upper and lower clad­
ding layers were 1.5-J.l1T1-thick Alo.6Gaa.4As, 
p- and n-doped, respectively. A cap layer 
of p+ GaAs 0.2 /Lm thick was grown on 
top to facilitate the formation of an ohmic 
contact. 

The wafer thus produced was subjected 

Like the lasers described in the preced­
ing article, these lasers take full advantage 
of the well-developed edge-emitting Fabry-

This Surface-Emitting Solid·State Laser features output power and external differential 
quantum efficiency greater than those of other GRINSCH saw lasers with 45° output­
beam deflectors. 
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to ion-beam etching to produce the 90° 
Fabry-Perot-mirror surfaces and the 45° 
output-beam-deflecting mirror surfaces. 
The mirror surfaces were positioned to 
define laser cavities -500 p.mlong, and 
the resulting broad surface-emitting lasers 
were patterned by use of photoresist into 
laser stripes 100 p.m wide. Ohmic metal 
contacts were then applied. 

In tests, the lasers exhibited a threshold 
current of 300 mA, a peak output power 
of 380 mW, and an external differential 
quantum efficiency of 17 percent without 

coating of the mirror facets. The threshold 
current is comparable to, or lower than, 
previously reported threshold currents, 
while the output power and external dif­
ferential quantum efficiency exceed those 
previously reported for surface-emitting 
lasers configured similarly. The perform­
ance could be improved by decreasing the 
distance between the 90° and 45° mirror 
surfaces, by smoothing these surfaces 
(e.g., by wet chemical and dry etching or 
by chemically-assisted ion-beam etching), 
and by applying highly reflective coats to 

~~ "Forback" dc-to-dc Converters 

the 45° mirror surfaces. 
This oork was done by Jae H. Kim of 

Caltech for NASA's Jet Propulsion Lab· 
oratory. For further information, Circle 50 
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-18281. 

Features of older converter circuits are combined to obtain advantages and eliminate disadvantages. 

Goddard Space Flight Center, Greenbelt, Maryland 

Dc-to·dc power-converter circuits of a 
configuration called "forback" resemble 
circuits of standard configurations called 
"forward," "flyback," and "Cuk" (see Fig­
ure 1). The forback circuit, which employs 
minor modifications to existing topologies, 
combines some of the advantages, while 
eliminating some of the disadvantages, of 
the older circuits. 

The unique features of the forback con­
figuration are best explained by reference 
to the isolated version illustrated in Figure 
2. As in the Cuk circuit, the secondary 

winding of the transformer is coupled ca­
pacitively to the rectifier and filter circuit. 
As in the forward circuit, energy is de­
livered to the secondary while the switch­
ing transistor is in the conducting portion 
of the operating cycle. As in the flyback 
ci rcuit , energy that is stored in the core 
of the transformer during the transistor­
conduction period is released to a capaci­
tor during the transistor-nonconduction 
period. Thus, energy is transmitted to the 
secondary side of the transformer during 
both the transistor-conduction and the 
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transistor-nonconduction periods of the 
operating cycle. 

The relationships among voltages and 
currents in the forback configuration are 
such as to enforce volt-second balance on 
the core of the transformer. Although the 
portion of the forback circuit on the pri­
mary side of the transformer is similar to 
that of the forward circuit, the flyback ar­
rangement of the capacitively coupled 
secondary winding eliminates the need for 
the reset winding that is used in the for­
ward circuit to return energy stored in the 

COk 
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Figure 1. These dc-to-dc Converter Circuits are the predeces­
sors of the forback circuit. 
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core to the primary side. The voltage stress­
es on the switching transistor of the for­
back are less than those in a similar Cuk 
circuit that includes the same capacitive­
Iy coupled network on the secondary side 
of the transformer. 

This vvork was done by Alan T. Lukemire 
of Goddard Space Flight Center. For fur­
ther information, Circle 102 on the TSP Re­
quest Card. 
GSC-13404 

Figure 2. The For­
back Circuit con­
tains numbers and 
types of compo­
nents similar to 
those of its prede­
cessors . In addi ­
tion to the isolated 
version discussed 
din the text , there 
is also a non isolated 
version. 

~JOuIPUI Voltage 

FORBACK - ISOLATED VERSION 

FDRBACK - NON ISOLATED VERSION 

Lightweight, High-Yield Photocathode 
Quartz cloth multiplies electron current. of 2.0 kV, the total current emitted from the 

surface covered by quartz cloth was 2.66 
times as large; at 4.0 kV, it was 667 times 
as large. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A layer of Astroquartz (or equivalent) 

cloth woven from quartz thread is an es­
sential part of a high-yield photocathode. 
Such a photocathode is desi rable in ap­
plications in which low power consump­
tion is required . 

In an experiment (see figure), a piece 
of Astroquartz material with an aluminum 
backing was placed on a grounded me­
tallic plate. The aluminum backing was in 
direct electrical contact with the metallic 
plate and thus also at ground potential. A 
positively biased wire-mesh grid was 
placed 1 cm above the quartz cloth , re­
sulting in a strong electric field in the re­
gion between the grid and the cloth. 

When the cloth was illuminated with 
ultraviolet light (to which the quartz cloth 
was semitransparent), photoelectrons 
were produced at the aluminum backing 
surface. The photoelectrons were accel­
erated by the electric field. When the high­
energy electrons collided with the quartz 
cloth , electron multiplication occurred via 
the generation of secondary electrons at 
the surface of the cloth. These secondary 

Source of 
n--Ultraviolet 

/1\ Light 

Grld~+\ 
_ . 0 ... .. ..... ... ... -----".n" 

Quartz 
Cloth 

Quartz Cloth Multiplies the Electron Cur­
rent emitted by an aluminum photocathode 
sensitive to ultraviolet light when placed 
in an external steady-state electric field . 
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electrons were accelerated by the strong 
electric field and were ejected into space. 

In the experiment, the ratio between the 
total current emitted from the aluminum 
surface covered by the quartz cloth and 
the current emitted by the aluminum sur­
face alone was measured at various ap­
plied voltages. For example, at a potential 

WPR4XX SERIES 

This vvork was done by Philip L. Leung 
and Stephen 8. Gabriel of Cal tech and 
Ralph F Wuerker of the University of cali­
fornia at Los Angeles for NASA's Jet Pro­
pulsion Laboratory. For further informa­
tion, Circle 58 on the TSP Request Card. 
NPO-18226 
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~~ Control Circuit for Reed-Solomon Encoder 
Interleaving depth is selectable, and accommodation to the input data rate is automatic. 

Goddard Space Flight Center, Greenbelt, Maryland 

A control circuit has been designed 
for use with the commercially available 
AHA4610 Reed-Solomon encoder. Reed­
Solomon encoders are used in the record· 
ing and transmission of digital data signals 
to provide for the detection and correction 
of errors in playback and reception , reo 
spectively. The control circuit is needed to 
select the depth of interleaving and to syn· 
chronize the input and output blocks of 
data and parity bits with suitable clock sig· 
nals. By use of data buffers, the input and 
output· data streams can be fed into and 
out of the encoder at the internal clock rate 
of the encoder. The internal clock rate of 
the encoder, the data rate of the source 
of data, and the data rate of the destina· 
tion equipment can all differ from each 
other. The control circuit adapts automat· 
ically to any input data rate from 0 to 80 
Mb/s. 

The control circuit (see figure) includes 
two first· in/first-out (FIFO) memory chips 
as data buffers and one programmable 
logic device, which acts as a network con­
troller. The particular encoder provides a 
(255,223) Reed-Solomon code and can be 
programmed to interleave at any depth 
from one to eight. This means, for exam­
ple, that when operated at a design inter­
leaving depth of five, the input data are en­
coded in blocks of 1,115 bytes, along with 
160 bytes of parity data, to produce code 
blocks of 1,275 bytes, capable of correct­
ing an error burst up to 80 bytes long. 

The control circu'it selects the interleav­
ing depth by holding the three selecting 
lines (SELO, SEL1, and SEL2) of the inter­
leaving portion of the Reed-Solomon en­
coder at the appropriate logic levels. The 
control circuit provides the 10-MHz intern­
al-clock (INC) signal, which corresponds 
to a data rate of 80 Mb/s. Data present on 
the input pins of the interleaver (010 through 
017) are clocked into the interleaver when 
INC goes high. INC must remain high dur­
ing the input data block (1,115 bytes at an 
interleaving depth of five). 

After a delay of one clock period, the 
data present on lines 010 through 017 are 
routed through the interleaver and appear 
on the output data lines of the interleaver 
(000 through 007). The output signal 
OUlC goes high to indicate that data on 
the output lines are valid. A new byte ap­
pears on the output every clock cycle dur­
ing an input block. 

Once the correct number of input bytes 
have been clocked in, INC must be brought 
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This Control Circuit provides synchronizing and control signals for a Reed-Solomon 
encoder. With the control circuit, the encoder can operate with asynchronous input and out­
put data streams at rates up to 80 Mb/s. 

low. One clock cycle later, OUlC goes low, 
indicating that subsequent data on the out­
put lines will be parity bytes. The interleav­
er must then be clocked the required num­
ber of times to put out all the parity bytes 
for the given interleaving depth. 

The network-controller portion of the 
control circuit provides all the data-man­
agement and control signals for the en­
coder. These include the following signals: 
"start;' "reset," "input write;' "output read," 
"input fUll," "output empty," "data in (0 ... 7);' 
and "data out (0 ... 7)." 

When " reset" is high and "start" is low, 
clocking the system for a minimum of 32n 
clock periods (where n is the interleaving 
depth) clears the interleaver. Bringing "re­
set" to low and taking "start" high for at 
least two clock periods starts the opera­
tion of the control network. 

Data fed into the circuit from the source 
by use of the "input write" line are stored 
in the input FIFO. As long as the "input 
full" line is high, data can be written into 
the FIFO. When data are put into the in-

put FIFO, the network controller automat­
ically produces the control signals need­
ed to manage flow of data from the input 
FIFO, through the encoder, out of the en­
coder, and into the output FIFO. 

When data are written into the output 
FIFO, the "output empty" line goes high. 
This indicates that data are now available 
to be read out of the FIFO by use of the 
"output read " line. Data can be read out 
of the system as long as "output empty" 
is high. Thus, the input data are asynchro­
nous from the output data, with the out­
put data blocks larger than the input data 
blocks. The network-controller program­
mable logic device produces INC and the 
signals on the input FIFO read and out­
put FIFO write lines, and it synchronizes 
the output data with OUlC. 

This work was done by Douglas Ross 
of Goddard Space Flight Center. For fur­
ther information, Circle 15 on the TSP Re­
quest Card. 
GSC-13342 
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Books and Reports 
These reports, studies, handbooks are avail­
able from NASA as Technical Support Pack­
ages (TSP's) when a Request Card number is 
cited; otherwise they are availab le from the 
National Technical Information Service. 

Mathematical Modeling of 
a Nuclear/ Thermionic 
Power Source 

Lifetime and performance are 
predicted, taking into acc9unt 
swelling of fuel elements. 

A report discusses mathematical model­
ing for prediction of the performance and 
lifetime of a spacecraft power source that 
is an integrated combination of a nuclear­
fission reactor and thermionic converters. 
The core of the reactor is an array of 176 
closely packed thermionic fuel elements, 
each of which consists primarily of a cylin­
drical housing that contains 6 thermionic 
converters with U02 fuel inside. The con­
verters within each thermionic fuel ele­
ment are electrically connected in series. 
The nuclear reaction is controlled by cy­
lindrical control drums that surround the 
reactor vessel and by seven shutdown 
rods in the core. The reactor is cooled by a 
pumped liquid metal that is, in turn , cooled 
by a heat-pipe radiator. Electrical power 
of 100 kWat 100 V is extracted by a series/ 
parallel network in which the total of 1,056 
thermionic converters are connected in 4 
parallel strings, within each of which 264 
converters are connected in series. 

The principal cause of degradation and 
ultimate failure is considered to be short­
circuiting of the emitters to the collectors 
in the thermionic converters, caused by 
swelling of the U02 fuel pellets. Accord­
ingly, to conduct this study, a detailed math­
ematical model of the nuclear reaction , 
thermal conditions in the core, and ther­
mionic performance was combined with 
a mathematical model of swelling of the 
fuel. The inputs required for the model in­
cluded the geometries of the reactor, cool­
ant loop, and radiator; the drop in temper­
ature in the coolant loop; the average emit­
ter temperature; the pressure of the cesium 
in each of five radial zones; the relative­
power-density profile of the reactor; and 
the particular series/parallel electrical con­
figuration (which could be the one de­
scribed above or a different one). 

The computer code that implements the 
model is started with all of the inputs. First , 
it calculates temperatures of the emitters 
and collectors and the performances of 
the converters, and it adjusts the thermal 
power and the temperatures in the reac­
tor to obtain the specified electrical out­
put power and \'ullage. Next, time is st~ 
forward, and the model calculates the dis­
tort ion of the emitter during the time step 
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on the basis of the temperature, power 
density, consumption of fuel , and fraction 
of volume of fuel occupied by voids. Dam­
age to the radiator by meteoroids and de­
bris is also estimated. The effects of the 
distortion of the emitter and of the degrad­
ed performance of the radiator are used 
to derive a new set of temperatures of 
emitters and collectors to deliver the de­
sired electrical output. These calculations 
are repeated over many time steps until 
the emitters have distorted so much as to 
cause shorting in so many converters that 
the system can no longer deliver the re­
quired power. At that point, the system is 
deemed to have failed. 

Applying this analysis to the specific 
100-kW reactor, it was found that in the 
worst-case scenario, initial shorting would 
begin after 4 years and the system would 
last another 2 years. In a nominal scenario, 
the first short would occur after about 8 
years, and the system would fail about 2.3 
years later. 

This work was done by Jan W. 
Vandersande and Richard C. Ewell of 
Caltech for NASA's Jet Propulsion Lab· 
oratory. To obtain a copy of the report, 
"Ufetime Performance Predictions for In­
Core Thermionic Converters," Circle 146 
on the TSP Request Card. 
NPO-18312 
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Bilevel Shared Control of a Remote Robotic Manipulator 
Teleoperator and autonomous modes would be blended, each overcoming deficiencies of the other. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed concept for the control of a 

remote robotic manipulator calls for a blend 
of autonomous and teleoperator (hand-con­
trol or other commands from the human 
operator) control modes. The concept is 
called " bilevel shared control " because 
it calls for a two-level hierarchical control 
system that would accept commands in 
both modes at both levels, sharing con­
trol between the two modes in such a way 
that each mode would overcome some of 
the deficiencies of the other. The concept 
is particularly applicable to a robotic sys­
tem characterized by a long communica­
tion delay between the local (operator's 
control) site and the remote (robotic-ma­
nipulator) site or to a robotic system intend­
ed to function partly a!Jtonomously, with 
occasional intervention by the operator. 

Recent articles in NASA Tech Briefs de­
scribed aspects of multilevel hierarchical 
control. To recapitulate: The control hierar­
chy ranges from larger digital processors 
and the associated software at the highest 
(task-planning) level down through smaller 
digital processors with lower-level software 
and possibly some digital/analog interface 
circuitry at intermediate (partly planning, 
partly reflex-action) levels, to more digitall 
analog interface circuitry, control actua­
tors, and sensors at the lowest (execution) 
level. In bilevel shared control , such a 
hierarchy would be simplified to only the 
high (taSk) level and the low (execution) 
level. 

In a bilevel shared-control system, func­
tions at both levels would be performed 
at both the local and remote sites (see fig­
ure). At the local site, a planning algorithm 
would generate task-level autonomous 
commands, which would be transmitted 
to the remote site. At the same time, the 
operator would acquire (1) visual informa­
tion about the remote manipulator and its 
surroundings through television displays 
and (2) tactile information about the con­
tact and inertial forces on the manipulator 
via a force-reflecting hand controller. In re­
sponse to this sensory information, the op­
erator would generate teleoperative com-
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In Bilevel Shared Control , both task-level 
and execution-level functions would be 
performed at local and remote sites, both 
types of functions sharing both autono­
mous and teleoperative inputs. 

mands to correct the movements of the 
man i pu lator. 

The autonomous commands to be gen­
erated by the planning algorithm would in­
clude the specification of (1) a coordinate 
system (called the " task" coordinate sys­
tem) attached to the remote manipulator 
and (2) high-level task trajectories in this 
coordinate system. A hybrid positionlforce 
scheme would be used to represent low­
level tasks in terms of simpler motion and 
force trajectories specified in the sets of or­
thogonal motion and force coordinates that 
would constitute the task coordinate sys­
tem. To blend the autonomous and tele­
operative control modes, it would be nec­
essary to transform the teleoperative 
commands from the hand-controller (local) 
coordinate system to the task (remote) co­
ordinate system. Part of this transforma­
tion would be performed locally and par: 
remotely: the part of the transformation 
that involves the robot-joint angles would 
best be done remotely where communica­
tion delays were significant because the 
angle information would, thereby, be less 
outdated. 

At the execution level, the command­
ed trajectories could come directly from 
the autonomous part, the teleoperator part, 

LOCAL SITE 

Autonomous 
Control Subsystem 

Task Level 

r -------Execution Level 

or a mixture of the two. For this purpose, 
it is necessary only that the servocontroller 
be capable of tracking the commanded 
motion and/or force trajectories in a stable 
fashion. To reduce the detrimental effects 
of communication delays, whenever such 
delays were significant, integration of tel­
eoperator and autonomous commands 
would be allowed only along directions of 
motion, while forces would be controlled 
autonomously. The integration would be ef­
fected by determining when and how the 
two types of commands may be mixed, 
and performing the mixing process in soft­
ware via a mixing matrix, the entries of 
which would reflect the relative weight 
given to each teleoperative and autonom­
ous input. 

This work was done by Samad A. Hayati 
and Subramanian I Venkataraman of Cal­
tech for NASA's Jet Propulsion labora­
tory. For further information, Circle 80 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 develo{r 
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 18]. Refer to NPO-17800. 
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Bandwidth-Synthesizing FM Radar 
Resolution would be increased by a factor of N. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A proposed frequency-modulation (FM) 
radar system would use sawtooth-wave­
form linear frequency sweeps and a return­
signal-processing scheme in which sam­
ples of signals from N consecutive sweep 
periods would be combined in such a way 
as to multiply the range resolution by a fac­
tor of N. This system could be regarded 
as synthesizing a bandwidth of N times 
that of its transmitted signal in the sense 
that to increase the resolution of an or­
dinary radar system in which consecutive 
samples are not combined, it is necessary 
to increase the bandwidth of the transmit­
ted signal by the same factor. The band­
width-synthesizing scheme would likely be 
used in FM radar altimeters. 

mediate frequency of B by a memory and 
a digital-to-analog converter controlled by 
a timing signal from a master oscillator. 

The intermediate frequency (IF) of B is 
chosen because it would ease the hand­
ling of the signal in the voltage domain 
rather than in the complex in-phase/quad­
rature domain. The resultant IF FM signal 
would contain sweeps from a frequency 
of B to a frequency of 2B, repeated with 
a period T. There would be N sweeps, 
making the total duration of the waveform 
NT. 

The IF FM Signal would be mixed in a 
radio-frequency transceiver with a carrier 
signal generated by frequency multiplica­
tion from the master oscillator. The output 
of this mixing operation would be band­
pass-filtered and transmitted to the target. 
In essentially the reverse of the transmis­
sion process, the return signal would be 

radio-frequency-demodulated to IF in the 
transceiver. The IF return signal would be 
sampled at a rate of 4B, and the frequen­
cy of the samples would be shifted by B 
to produce IF demodulated in-phase and 
quadrature (10) samples. The 10 samples 
would then be subsampled at a rate of B. 

Subsequent digital processing would 
imitate arithmetic in the complex plane: 
Complex conjugate samples of the NT, NB 
linear frequency sweep would be multi­
plied by the IF demodulated 10 samples. 
A fast Fourier transform (FFT) of size NTB 
would be applied to the complex products. 
Each FFT coefficient would then corre­
spond to a sample taken at a time resolu­
tion of 1/NB. The associated range resolu­
tion would be c/2NB (where c is the speed 
of light), which is N times that of a con­
ventional radar of bandwidth B. 

This work was done by Chialin Wu of 
Caltech for NASA's Jet Propulsion Lab· 
oratory. For further information, Circle 161 
on the TSP Request Card. 
NPO-18142 

Figure 1 shows time and frequency rela­
tionships among the sawtooth transmitted 
signal , the sawtooth return signal, and a 
theoretical single linear sweep of N times 
the actual bandwidth, B. The bandwidth­
synthesizing effect would depend on co­
herency in the phase of the transmitted 
sawtooth FM and on coherent Nyquist 
sampling and phase detection in the proc­
essing of the return signal. Under these 
conditions, samples obtained in N con­
secutive linear frequency sweeps over 
bandwidth B would be indistinguishable 
from the ambiguous (with respect to fre­
quency) samples that, in principle, would 
be obtained by sampling coherently from 
the single linear sweep over bandwidth 
NB. The ambiguity would be caused by the 
analog reconstruction of the broader 
sweep from a sampling frequency many 
times as small as the broader bandwidth, 
NB. 

o ~----------~~----------~~--~ 

In one version of the system, illustrated 
in Figure 2, the transmitted sawtooth FM 
sweep would be produced at an inter-
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Figure 1. Transmitted and Return Signals, 
each containing N linear frequency sweeps 
of bandwidth B and duration T, would be 
processed in such a way as to synthesize the 
effect of a single linear frequency sweep of 
bandwidth NB and duration NT. 

... 
Figure 2. This FM Radar System would 
achieve a range resolution N times that of a 
conventional FM radar of the same band­
width by implementing the bandwidth-syn­
thesizing signal-processing scheme. 
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Another Technique for Calibration of Polarimetric Radar 
The only artificial target(s) required is at least one trihedral corner reflector. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

A technique for the calibration of a p0-
larimetric radar system requires a mini­
mum of only one artificial target in the 
scene, or if only the crosstalk of the system 
is to be calibrated, no artificial target is 
needed_ This is the latest in a series of 
polarimetric-radar-calibration techniques 
developed by NASA's Jet Propulsion lab­
oratory and reported in NASA Tech Briefs. 
This is a relatively inexpensive technique 
that involves a four-stage procedure in 
which a different aspect of the radar sys­
tem is calibrated at each stage. 

The technique applies to polarimetric 
synthetic-aperture-radar data that have 
been preprocessed into a compressed 
form. As part of the preprocessing, the 
measured scattering matrix for each res­
olution element is symmetrized. This sym­
metrization is equivalent to an assumption 
that the transmitting and receiving sub­
systems are reciprocal. The assumption, 
in turn, is only approximately true, and one 
of its consequences is that the estimated 
parameters of the system may not have 
any simple relationship with the param­
eters of the real transmitting and receiv­
ing equipment. Nevertheless, the data can 
still be calibrated by use of the estimated 
parameters of the system, so that the true 
Stokes matrix for each resolution element 
can be determined. 

The technique provides for calibration 
of relative phase, crosstalk, relative am­
plitude, and absolute amplitude. The r~la­
tive-phase calibration is performed in the 
first stage of the calibration procedure by 
use of a phase-equalization scheme that 
has come into routine use in recent years. 
This scheme does not require any artificial 
calibration targets in the scene but does 
depend on the existence of a portion of 
the scene for which the difference be­
tween the phases in the two copolariza­
tion (horizontal/horizontal and verticallver­
tical) backscattering channels are known. 

The crosstalk calibration is performed 
in the second stage of the procedure. This 

This is a C·Band Radar Image of the Pisgah lava flow in the Mojave Desert. To calibrate 
the radar data, five corner reflectors were placed in the scene at the locations marked 
CR1 through CR5. 

calibration also does not require any ar­
tificial calibration targets in the scene. It 
is based on the assumption that (1) the 
crosstalk is relatively small and (2) the 
copolarization and cross-polarization com­
ponents of the scattering matrices of 
natural targets distributed over the scene 
are uncorrelated. The crosstalk parame­
ters are extracted from statistics of various 
cross products of (1) scattering matrices 
based on the preprocessed but otherwise 
raw radar-return data and (2) intermediate 
scattering matrices that lack only relative­
amplitude and radiometric calibrations. 

The calibration for relative amplitude 
(between the two copolarization channels) 
is performed in the third stage. It requires 
trihedral corner reflectors in the scene (see 
figure). The result is a radar image in which 
all the radar channels are calibrated with 
respect to each other in amplitude and 

phase. In the fourth stage, an overall ab­
solute radiometric calibration is performed 
by comparison of the measured with the 
known radar cross section of trihedral cor­
ner reflectors in the scene. (Other artificial 
targets could be used, but trihedral cor­
ner reflectors are cheap and relatively in­
sensitive to misalignments.) 

One of the advantages of the four-step 
calibration procedure is that one does not 
have to perform the entire procedure if one 
does not need the full calibration. For 
example, if all that is needed is a calibra­
tion for crosstalk, it is not necessary to 
continue past the second stage of the 
procedure. 

This work was done by Jakob J. van lyl 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 12 on the TSP Request Card. 
NPO-18068 

Preventing Integrator Windup in a Control System 
Inputs to integrators are limited when control effectors reach their limits. 

Langley Research Center, Hampton, Virginia 
A design concept for a control system ad­

dresses the problem of how to (1) prevent 
control inputs to the plant (the system to 
be controlled) from exceeding the elec­
trical limits imposed by the mechanical 
limits of the control actuators in the plant 
and (2) prevent windup in the integrators 
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in the control system. As used here, "wind­
up" denotes an increase or decrease in 
the output of an integrator beyond a des­
ignated upper or lower limiting or satura­
tion value; e.g., a value that corresponds 
to the limit of a control actuator . . 

The concept is applicable to control sys-

tems of the general configuration illustrat­
ed at the top of Figure 1. (This configura· 
tion is typical of aircraft autopilot systems.) 
The output of the control system is u, the 
vector of m control inputs to the plant. The 
transfer function of the plant is denoted by 
P(s), where s is the Laplace-transform com-
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plex frequency. The sensor outputs (e.g., 
indications of speed and altitude) of the 
plant are represented by the feedback vec­
tor y, and the command input (e.g., the 
commanded values of speed and altitude) 
are represented by y c' The behavior of 
this control system is represented by 

u = i [Yc+ H,(s)y]+H2(s)y 

where G I is an m x m matrix of integral 
gains, and I-I,(s) and H2(s) are stable 
matrix m xp transfer functions. 

The new concept consists of two main 
parts. The first part is to rearrange the 
terms of the control equation (and corre­
spondingly modify the block diagram of the 
control system) in such a way as to move 
the integrators into the output path of the 
control system, as shown in the lower part 
of Figure 1. This modification makes possi­
ble the second part of the concept, which 
involves limiting the inputs to the integra­
tors when one of the control inputs of the 
plant reaches its limit. 

Figure 2 illustrates the further modifica­
tions pursuant to the second part of the 
concept. The integral-gain matrix G, is par­
titioned into m column vectors, [G, ... GnJ, 
each vector corresponding to an integrator 
input. A logic block is added to the output 
path of each Gj• To understand the opera­
tion of a logic block, suppose, for exam­
ple, that the output of integrator 1 (control 
input 1) has reached its maximum or 

CONVENTIONAL VERSION 

Control System r - - - - - '1 Plant 

I 
I 
I 
I 
I 
I I L _________ -.J 

Yc 
MODIFIED VERSION 

Figure 1. The Positions of the Integrators 
Are Moved, and differentiators are added 
to one branch to compensate for the move. 
These modifications make it possible to 
implement the new control concept illus­
trated in Figure 2. 
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saturation value (e.g. , a maximum throttle 
setting). At that point, logic block 1 sets 
the input to integrator 1 (00,) at zero. The 
input to logic block 1 (0Il) is thereafter mon­
itored for its sign. As long as 0/1 remains 
positive or zero, °0, is kept at zero to pre­
vent the integrator output from exceeding 
its maximum or saturation value. When 0/1 
becomes negative, °0, is then set equal 
to Oil ' and the output of integrator 1 

begins to fall below the saturation value. 
Similar considerations apply at the 
minimum saturation value, except that the 
arithmetic signs are reversed. 

In designing a control system according 
to this concept, it is necessary to select 
the control input that is to be considered 
primary for each regulated variable in y. 
In the example of Figure 2, the selection 
has been made for each important issue 

Integrator 

Inputs Integrator 

Yc1 Ycm (Control Inputs) 
Logic BlOCkS) Outputs 

Control System 
.-------I • • • 
I 
I 
I 
I 
I 
I 
I 
~--

- - - - - - - . - - I f:,lant 

I U1 

Figure 2. The Gain Matrix Is Partitioned, and logic blocks are added to implement the 
limitations on the control inputs. 
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High-Res Video 
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that needs to be resolved early in the con­
troller design process in which control in­
put will be the primary control effector for 
each regulated variable. Assume the se­
lection has been made for control input 00i 
to control the corresponding Yi' This se­
lection is reflected in the design of the 
limiting logic. 

The gain vector GI has the following 
form: 

Each gain G 1i (i = 1 to m) feeds Ye1 to the 
corresponding control-input integrator. If, 
for example, control input 1 reaches a limit, 
gains G12 ... G1m must be set to zero. 
Otherwise, Ye1 (which is non-zero while 
the control input 1 is on the limit) would 
bias the remaining active controls 2 ... m 
and could destabilize the total system. 

This work was done by Isaac Kaminer 
of Boeing Co. for Langley Research 
Center. For further information, Circle 119 
on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Langley 
Research Center [see page 18].Refer to 
LAR-14337. 

Optical Phase-Locked Loop for Optical 
Communication 
Phase-error variance of less than 0.05 mrad2 is achieved 

with a relatively-narrow-band loop. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

Tracking of the phase of a laser beam 
has been demonstrated with an experi­
mental optical phase· locked loop of nar­
rower bandwidth than has been used be· 
fore. Potential applications for optical 
phase-locked loops include free-space and 
fiber·optic communications, navigation, 
and scientific instrumentation in which 
receivers may be required to track the 
phases of transmitted signals. 

Heretofore, coherent optical communi­
cation systems have been based on diode 
lasers (as distinguished from diode-pumped 
solid-state lasers). Because of the broad 
spectra emitted by diode lasers, typical 
coherent phase-tracking loops that con­
tain diode-laser oscillators must have 
bandwidths of several megahertz - too 
wide for use in deep-space communica-

I 
Amplitude MOdulal/on: 

Pulse-Posllion-Modulaled 
Data Stream 

Local 
Oscillator 

tion or wherever else received signals 
may be weak. Recently developed diode­
pumped solid-state lasers emit spectra of 
subkilohertz width, enabling the use of 
receiver phase-tracking loops that have 
bandwidths of only a few kilohertz. 

The experimental apparatus (see figure) 
includes two diode-pumped solid-state 
lasers of the non-planar-ring-oscillator'type, 
one of which represents the transmitting 
(tracked) oscillator, the other of which 
represents the local oscillator in a receiv­
er (the tracking oscillator). The output of 
the transmitting oscillator is amplitude­
modulated with a pulse-position-modulated 
data stream. 

The transmitted Signal is attenuated and 
combined in a beam splitter with the local­
oscillator signal, and the two Signals are 

3C).MHz Stable 
Reference 
Oscillator 

This Optical Phase-Locked Loop exhibits a phase-error variance of 5x10-5 rad2 at a 
closed·loop bandwidth of 20 kHz. 
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What Are People Saying 
About the Biggest 

Advance in Recorders 
Since the 1960's? 

Wow. Not a very precise term, 
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nothing else conveys the 
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Arraycorders, Western 
Graphtec. Just imagine ... 

32 channels of raw recording 
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Imagine ... 
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detected using balance-detector configura­
tion to an IF frequency of 30 MHz. The dif­
ference between the outputs of the 
photodetectors is mixed with the 30-MHz 
output of a stable reference oscillator to 
obtain a raw baseband signal. The raw 
baseband signal is processed through a 
variable-gain dc amplifier to obtain an er­
ror signal. The error signal is low-pass­
filtered and fed to a piez~lectric trans­
ducer that adjusts the frequency of the 
local oscillator. 

The piezoelectric transducer operates 
rapidly enough to track the instantaneous 
phase within a narrow range: its tuning 
range is not wide enough to enable it to 
compensate for large, slow drifts in lasing 
frequency. Consequently, a frequency-com-

pensation loop must be included to main­
tain the piezoelectric transducer at the 
center of its dynamic range. This is ac­
complished by applying a small bias signal 
at the temperature controller of the local­
oscillator laser. The bandwidth or the up­
date rate of the temperature controller is 
usually limited to less than 10 Hz because 
temperature control is inherently slow. 

When the loop is in lock, any difference 
between the frequencies or phases of the 
two laser oscillators results in a dc signal 
at the output of the radio-frequency mix­
er, which functions as a phase compara­
tor. Temperature control is accomplished 
by sampling the output of the phase 
comparator and applying the proper com­
pensating signal at the temperature-con-

trol input. 
The results of the phase-locking experi­

ment indicate that at a closed-loop band­
width of 20 kHz, the phase-error variance 
is only 5X10-5 rad2. At and above this 
closed-loop bandwidth, the laser spectrum 
resembles that of an oscillator that has a 
white frequency noise with an instan­
taneous spectral width of 0.2 Hz. 

This work was done by Moe Z. Win, 
Chien C. Chen, James R. Lesh, William K. 
Marshall, and Marc 0 Rayman of caltech 
and Robert A. Scholtz of the University of 
Southern california for NASA's Jet Pro­
pulsion Laboratory. For further informa­
tion, Circle 92 on the TSP Request card. 
N PO-18200 

Improvements in Processing and Aiming for Squint-Mode SAR 
Techniques reduce Doppler drift and accommodate large range walk. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
An improved technique for aiming the an­

tenna of a synthetic-aperture radar (SAR) 
operating in the squint imaging mode (SIM) 
complements an improved algorithm for 
processing the raw SIM SAR data. These 
techniques were developed to reduce the 
deleterious effects of two unique charac­
teristics of SIM SAR: large range walk and 

large variation of the Doppler centroid as 
a function of range. 

Range walk is defined as the difference 
between the ranges (distances) to a point 
target when the target enters and when 
it leaves the illuminating radar beam. A 
large range walk is undesirable because 
it causes significant disperSion of the point-

Circle Reader Action No. 422 
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target response in range if the standard 
frequency-domain range-and-Doppler­
processing algorithm is employed for the 
azimuth compression. A large variation of 
the Doppler centroid with range is undesir­
able because it necessitates an increase 
in the rate of updating the azimuth-refer­
ence function that is used in processing 
the raw SAR data. 

The improved technique for aiming is 
based on the assumption that the yaw, 
pitch, and roll angles of the vehicle (a 
spacecraft in the original application, but 
presumably also an aircraft) carrying the 
SAR are known, that the yaw and pitch of 
the vehicle are controllable, and that the 
antenna is electronically steerable in tilt 
about the roll axis of the vehicle. The tech­
nique involves a specification of adjust­
ments of the yaw, pitch, and tilt (see Figure 
1) that orient the boresight of the antenna 
such that the Doppler centroid line (the 

z x 

Radar 

~~~------7'-'----y 

Target Area 

--- )~1JJ 
.... 

--", 
___ - Squint Angle 

Figure 1. Selected Aspects of the SAR 
Geometry are illustrated to define terms 
used in the text. 
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CyberResearch April Product Showcase 
WorkBench PC - The One to Choose 

1 MHz 12-Bil ComputerScope 

During the past year 
there have been 
several new "icon­
based" software 
packages introduced. 
Of all these pack­
ages, WorkBenchPC 
is the easiest to use, 
yet at the same time 
it's the most powerful. ..... ~ Offers Unique Advantages It does the best job of L-___ -:--""=_ 

The ComputerScope High-Speed Data Acquisition 
System from AC Electronics includes a 1 MHz 
NO board, a BNC Terminal Panel, and Digital 
Oscilloscope Software. A specially-designed 
series of software modules provides tightly­
integrated real-time performance. Call us for 
detailed information on the EGAA software system. 

imitating the "Iook-and-feel" of a Macintosh com­
puter. Yet it uses this look-and-feel to bring new 
power to data acquisition, control and analysis. 

WorkBench PC provides seamless integration 
with your data acquisition hardware. It finds the 
boards installed in your system, checks their 
configurations, and presents you with only valid 
menu options. You choose between "normal 
mode" operation which supports real-time data 
logging and display, and "fast mode" which 
collects data at the maximum speed of your 
hardware. Find out for yourself how much this 
new software can make your life easier. 

- Sixteen 12-bit Analog Input Channels. 
- 64K-Sample Buffer for Maximum Performance. 
- Supports Pretriggering Sample Mode. 
- Comes complete with ComputerScope Software. 

#INST 601 1 MHz ComputerScope System ..... $2495 
#INST 605 EGAA Multi-Tasking Software ......... $795 (all for your FREE WorkBenchP( Demo Disk Today! 
#INST 615 Electronic Chart Recorder & AutoDisk 

Data Logging Software Modules ... $1195 #STS 050 WorkBenchPC Software ....................... $995 
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• EASYEST LX Software from Keithlev/Metrabvte 
Easyest LX gives you an inte­
grated set of tools for easy and 
effective implementation of a 
data acquisition and analysis 
system on any IBM-compatible 
PC. Each tool is represented 
by an icon, and the all-in-one 
screen puts everything in view 
for instant access.. No other 
package lets you do so much, 
so quickly, so easily. 

- Acquisition & analysis combined - Control NO, D/A, Digital I/O, etc. 
- DMA acquisition at full speed of Hf\N - Analyze time & frequency domains 
- All tools always displayed on screen - Call for free Demo Disk. 

#ASY 200 EASYEST LX Software w/ 1 Free DAS Board Driver ...................... $995· 
· New, lower price NOW IN EFFECT. Save even more with CyberResearch! 

Circle Reader Action No. 363 

• JWo Instruments on a PC Card for just $1951 
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The new SPC 100 Programmable 
Signal Generator and Frequency 
Counter from StarPC is a half-slot 
card for use in any IBM-compatible 
PC. with the astonishingly low price 
of just $195. Featuring 16-bit D/A 
resolution with .005% accuracy, it 
comes complete with software to 
control the board in either command 

L-____________ ...J line or menu mode. Additional 
drivers for are provided for Microsoft Basic, Pascal, & Fortan, QuickBASIC, 
TurboPascal, & assembly language to ease programming of custom systems. 
- Programmable Level, Pulse Width, I/O Address, & Burst or Sweep Modes 
- 1 Hz-25KHz Analog, 5Hz-1 MHz Pulse, & DC-l0MHz Frequency Counter 
• Perfect for Automated Test Systems, Educational Uses, & Troubleshooting 

#SPC 100 ~iOgrammable Signal Generator & Frequency CourTter ................... $195 
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• The Ultimate in High Speed I High Precision AID 
High speed and high resolution need 
no longer be mutually incompatible. 
The FAST series from Analogic offers 
1 MHz A to 0 conversion speed com­
bined with 14-bit or 16-bit resolution 
for ultra-high accuracy measurement. 
You save thousands by using a 
low-cost PC system in place of an 
expensive VME workstation. 
- 4 available operating modes 
- Trigger and pacing signal controls let you customize acquisition process. 
_ On-board memory configured as circular buffer or single-sweep FIFO. 
- Flexible channel-scan sequencing is easily programmed. 

I FAST 1411 14-Bit, 1 MHz AID Board wI 1 Million-Sample Buffer ............... $3495 
#FAST 1611 16-Bit, 1 MHz AID Board wI 1 Million-Sample Buffer ........ _ ..... $3895 

Additional models available with buffer memory for up to 8 million samples. 

NEW Snap-Master Software: 
Data Acquisition for Windows 

Discover Snap·Master - the only Windows­
based data acquisition and analysis software to 
achieve high-speed, real-time data acquisition 
with multiple simultaneous NO boards. 
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long axis of the area on the ground il­
luminated by the radar beam) is aligned 
with the iso-Doppler lines. This alignment 
reduces the variations in the Doppler cen­
troid, thereby simplifying the processing 
of the raw SAR data. 

The improved algorithm for processing 
the SAR data is a modified version of the 
standard frequency-domain range-and­
Doppler-processing algorithm, which re­
sults in significant degradation of the point­
target response at squint angles greater 
than 8°. The improved algorithm includes 
an additional step in which a secondary 
range-reference funct ion used to process 
the raw SAR data in the range-and-Doppler 
domain is updated according to the 
change in the Doppler frequency across 
the azimuth spectrum; that is, a number 
of secondary range-reference funct ions 
based on different Doppler frequencies are 
generated. 

In the improved algorithm (see Figure 
2), the dispersed range impulse is com­
pressed in the range-and-Doppler domain 
after the azimuth fast Fourier transform 
(FFT). The same range chirp rate is used 
in the range compression as is used in 
processing data in the broadside imaging 
mode. After the range-reference multiplica­
tion, the data are "corner-turned" to make 
them accessible in the azimuth direction. 
The azimuth FFT is applied for each azi­
muth line and is followed by a second cor­
ner turn so that the data can be again read 
in the range direction. Then the secondary 
range compression is applied. Secondary 
range-reference functions are generated 
for a number of frequencies in the azimuth 
spectrum. Each range line is multiplied 
with the corresponding secondary range­
reference function (to compress the dis­
persed range impulse response), and then 
an inverse range FFT is applied. The data 
are then corner-turned for easy access in 
the azimuth dimension. The range-migra­
tion correction is made and is followed by 
azimuth-reference multiplication and in­
verse azimuth FFT This completes the 
SAR image-formation process. 

This work was done by Chi Y. Chang, 
Michael Y. Jin, and John C. Curlqnder of 
Galtech for. NASA's Jet Propulsion lab-

Generation of 
Range­

Reference 
Function 

Raw SAR Data 

Compensation 
1-------.... for Range 

Generation of 
Azimuth­

Reference 
Function 

Migration 

Azimuth-

Processed SAR Image Data 

Figure 2. The Squint-Imaging-Mode Proc­
essing Algorithm includes a secondary 
range compression in the range-and­
Doppler domain. 

oratory. For further information, Circle 54 
on the TSP Request Card. 
NPO-1790B 

Auxiliary Sensors for "Pushbroom" 
Imaging 
Additional data on motion would enhance geometric fidelity_ 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A proposed subsystem of small auxiliary 

imaging sensors would yield additional da­
ta on the motion of a linear imaging sensor 
(e.g., in an airborne multispectral scanner) 
that is scanned across a scene nominally 
perpendicularly to its length ("pushbroom" 
scanning). A typical linear imaging sensor 

is one or a few picture elements wide and 
thousands of picture elements long, and 
t~e data from the strip subimages that it 
produces in sequence during a scan are 
processed, along with data on the scan­
ning motion, into the full two-dimensional 
image of the scene. Consequently, accur-

NASA Tech Briefs, April 1992 
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Auxiliary Imaging Sensors would be spaced at various intervals 
along the nominal scanning axis. Many alternative arrangements 
are possible; for example, auxiliary sensors could be arrayed 
bidirectionally. 

ate data on the scanning motion are necessary for geomet­
ric fidelity of the image. The proposed auxiliary imaging 
sensors would yield data on components of motion to which 
the inertial , radar, and air-speed detectors of the aircraft or 
other platform are insensitive; these components would 
typically be vibrations of the aircraft and fluctuations in its 
velocity, both characterized by frequencies beyond the 
frequency responses of the aircraft motion sensors. 

Each auxiliary sensor would typically resemble a small 
portion of the main sensor. Auxiliary sensors would be 
placed along (and possibly also across) the scan axis (see 
figure) . Image data from each auxiliary sensor would be 
processed along with image data from the main sensor by 
standard digital image-correlation techniques to obtain the 
apparent motions of targets as they pass through the fields 
of view of different sensors at different times . 

For example, data from a single target detected sequen­
tially by two sensors would yield a linear approximation of 
velocity equal to the distance between these sensors di­
vided by the time between the observations of the same 
target by these sensors. Similarly, data from a single target 
detected sequentially by three sensors would yield a linear 
approximation of velocity and acceleration . Data from a 
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stream of targets detected sequentially by 
two or three sensors would give a time 
history of velocity (or velocity and accel­
eration) sampled at a frequency related to 
the distance between the auxiliary sensors. 

In principle, an array of many auxiliary 
sensors at many different spatial intervals 
would be needed to sample motions over 
a wide range of frequencies. In practice, 
one would likely minimize the data re­
quirements by spacing the auxiliary sen-

sors according to a power law; e.g., the 
first auxiliary sensor as close as possible 
to the main sensor, the next auxiliary sen­
sor a times as far away, the third auxiliary 
sensor a 2 times as far away, and so forth. 
Harmonic analysis of the changes in ve­
locity at each sampling frequency would 
then give a good approximation of the non­
linear relative motions of the imaging sys­
tem and the scene. 

This work was done by Kenneth L. 

Jones of Caltech for NASA's Jet Propul· 
slon Laboratory. For further informaUon, 
Circle 127 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 develo(J 
ment should be addressed to the Patent 
Counsel, NASA Resident Office-JPL [see 
page 18l.Refer to NP0-17970. 

Direct Adaptive Control of an Industrial Robot 
Desirable features include fast sampling and accurate tracking of the commanded trajectory. 
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NASA's Jet Propulsion 
Laboratory, 
Pasadena, California 

A decentralized direct adaptive control 
scheme for a six-jointed industrial robot 
has been demonstrated in the JPL Robotics 
Research Laboratory. In this scheme, each 
joint is controlled via a local feedback con­
troller at a high sampling rate. This largely 
decentralized scheme eliminates that part 
of the overall computational burden that 
would be imposed by a centralized con­
troller and that would degrade the per­
formance of the robot by reducing the 
sampling rate. In the experimental system, 
the sampling and computation cycle is 
only 7 ms long. 

The higher and intermediate-level func­
tions of the control algorithm (e.g., plan­
ning trajectories, evaluation of actual tra­
jectories, and communication of control 
information to and from the robot) are ex­
ecuted by an external digital control com­
puter. Another computer that is part of the 
robotic equipment acts as an input/output 
device between the external computer and 
the joint motors; this computer includes 
(1) one microprocessor that serves as the 
local controller for each of the six joints 
and (2) a microcomputer that passes data 
and commands back and forth between 
this computer and the external control 
computer (see figure). 

The adaptive feedback controller for 
each joint implements a proportional/inte­
gral/derivative position-control algorithm 
with position/velocity feedback and with 
gains updated in real time. The adaptive 
feature of the local control law implement­
ed by each joint controller compensates 
for any static and dynamic cross-couplings 
between that joint and the other joints and 
contributes to accurate tracking of the 
commanded trajectory. When all joints 
move rapidly simultaneously, the interjoint 
couplings can sometimes cause instabili­
ties under the decentralized control scheme. 
In such cases, the controller-adaptation 
laws are modified slightly to obtain stabili­
ty in the presence of unmodeled cross­
coupling effects. 

NASA Tech Briefs, April 1992 
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DETAil Of AOAPTIVE CONTROL SCHEME FOR THE ITH JOINT 

The Decentralized Adaptive Controller includes a separate feed­
back controller for each robot joint. The controller is robust in the 
face of un modeled dynamics and provides accurate tracking of 
commanded trajectories, with a short sampling period. 

The control and controller-adaptation laws are based 
entirely on the observed performance of the manipulator: 
there is no need to model the dynamics of the robot; nor is 
there any need to specify the inertial parameters of the 
payload. Thus, the adaptive controllers can cope with uncer­
tainties and variations in the robot and the payload, including 
friction (which cannot be modelled accurately) and the mass 
of the payload (which can vary substantially). 

This work was done by Homayoun Seraji and Thomas 
Lee of Caltech and Michel Oelpech of the Centre National 
d'Etudes Spatiales for NASA's Jet Propulsion Labora­
tory. For further information, Circle 13 on the TSP Request 
Card. NPO-17964 

Predictive Monitoring With 
Many Sensors 
A few sensors would be selected according 
to the state of the monitored system. 
NASA 's Jet Propulsion Laboratory, 
Pasadena, California 

A proposed method of predictive monitoring that would 
prevent a large number of sensor data from overwhelming 
a human operator or an electronic monitor is a subject 
of continuing research. The essence of the method is to 
select only a few of the many sensors in the system 

NASA Tech Briefs, April 1992 
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for monitoring at a given time and to set 
the alarm levels of the selected sensor out­
puts to reflect the limits of expected normal 
operation at the given time. The method 
is intended for use in a highly instrumented 
system that includes many interacting 
components and subsystems; e.g., an ad­
vanced aircraft, an environmental cham­
ber, or a chemical-processing plant. 

Several considerations motivate the re­
search on this method. "JYpically, the timely 
detection of anomalous behavior of a sys­
tem and the ability of the operator or elec­
tronic monitor to react quickly are nec­
essary for the continuous safe operation 
of the system. In the absence of a sensor-
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more productivity and more cost 
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The Predictive-Monitor­
ing System would concen­
trate limited monitoring re­
sources on those few of 
the many sensor outputs 
of a system that are most 
important at the moment. 

interactions among sensors rather than 
directly resulting from anomalous behavior 
of the system. In addition, many of the raw 
sensor data presented to the operator may 
be irrelevant to an anomalous condition. 
The operator is thus presented with a great 
deal of unfocused sensor information, from 
which it may be impossible to form a 
global picture of events and conditions in 
the system. 

The predictive-monitoring method would 
be implemented in a computing system 
running artificial-intelligence software, which 
has been tentatively named "PREMON." 
The predictive-monitoring system would in­
clude three modules: a causal simulator, 
a sensor planner, and a sensor interpreter 
(see figure). As used here, "event" denotes 
a discontinuous change in the value of a 
given quantity (sensor output) at a given 
time. The inputs to the causal simulator 
would include a causal mathematical 
model of the system to be monitored, a 
set of events that describe the initial state 
of the system, and perhaps some future 
scheduled events. The outputs of the 
causal simulator would include a set of 
predicted events and a graph of causal 
dependencies among those events. 

The sensor planner would use the caus­
al-dependency graph generated by the 
causal simulator to determine which few 
of all Of the predicted events are impor­
tant enough that they should be verified. 
In many cases, the most important events 
would be taken to be those that either 
cause or are caused by the greatest 
number of other events. This notion of 
causal importance would serve as the 
basis for the selection of those sensors, 
the outputs of which could be used to 
verify the expected behavior of the system. 

The sensor interpreter would compare 
the actual outputs of the selected sensors 
with the values of those outputs predicted 
by the causal simulator. Alarms would be 
raised where the discrepancies between 
predicted and actual values were significant. 

This work was done by Richard J. Doyle 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 56 on the TSP Request Card. 
NPO-18013 
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Books and Reports 
These reports, 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. 

Responses of a DRAM to 
Energetic Heavy Ions 
Results confirm methods used 
to analyze bit errors in this 
and other integrated circuits. 

A report presents the results of experi­
ments in which multiple-bit errors were in­
duced in a 256-kbit commercial integrated­
circuit dynamic random-access memory 
(DRAM) by a variety of normally incident 
heavy ions. DRAM's of the particular type 
have been used before in related ex­
periments to investigate the transport of 
ion-induced electric charges. 

A DRAM is uniquely suited for this pur­
pose because it provides a bit-error map 
that is, in effect, a low-resolution image of 
the distribution of the charge produced by 
an impinging ion. The critical charge re­
quired to cause a bit error in a memory 
cell is given by Qc = C(Voo-Va), where 
C is the storage capacitance of the cell, 
Voo is the supply voltage, and Va is the in­
put bias voltage of the sensing amplifier 
of the cell. The charge collected by each 
cell that registers an error caused by an 
ion hit must equal or exceed Qc' There­
fore, the charge collected in each cell at 
the edge of a multiple-bit-error cluster can 
be assumed to be equal to or slightly 
greater than Qc' 

The ions and energies in this experi­
ment were selected to represent a variety 
of stopping powers and ranges in the sili­
con integrated-circuit substrate. The idea 
was to demonstrate the utility of the par­
ticular DRAM and the methods used to 
analyze the experimental data, with a view 
toward applying the methods and the data 
to other digital integrated circuits. 

The following conclusions were drawn 
from the data: 
• For most ions with Z up to 35 (Sr) and 

for depths of penetration into silicon up 
to 35 pm, the amount of charge collected 
(as deduced from sizes of bit-error clus­
ters) is approximately proportional to that 
portion of the kinetic energy of the ion 
that is deposited in the silicon. 

• The amounts of charge collected in the 
cases of CI (Z =17) and Au(Z =79) are 
lower than indicated by the foregOing 
proportionality. However, these apparent 
anomalies are explainable in terms of 
currently available methods of analyses, 
including the PISCES computer program 
and applicable theories of the distribution 
and transfer of charges and energies. 

• Consequently, the relatively simple DRAM 

used in these experiments can be used 
to evaluate (1) the properties of beams 
of energetic ions (e.g., with respect to 
stopping power and uniformity) and (2) 
the responses of such other, more-com­
plicated integrated circuits as micro­
processors to charges induced by such 
beams. 
This work was done by John A. 

Zoutendyk, Lawrence S. Smith, and Larry 
D. Edmonds of Caltech for NASA's Jet 
Propulsion Laboratory. To obtain a copy 
of the report, "Response of a DRAM to 
Single-Ion Tracks of Different Heavy-Ion 
Species and Stopping Povvers," Circle 159 
on the TSP Request Card. NPO-18351 

The TOPEX Ground 
Data System 
Signals from orbiting sensors 
will be processed into data 
on sea-surface altitudes. 

A report describes the architecture and 
functions of the ground-based data-proc­
essing system of the TOPEX/POSEIDON 
project, which is a jOint American/French 
ocean-topography project. The purpose of 
the project is to acquire, process, and 
verify data on the height of the surface of 
the ocean and to distribute these data to 
the scientific community for use in map­
ping the geostrophic surface currents and 
tides of the oceans. 

The lOPEX/POSEIDON satellite is sched­
uled for launch into orbit around the Earth 
in June 1992. Its ground track will repeat 
in a cycle of about 9.91 days. It will be used 
to determine the sea level along its ground 
track to within a standard deviation of 14 
cm under typical conditions. For this pur­
pose, it will carry six sensors: an array of 
laser retroreflectors, two radar altimeters, 
a radiometer for correction of the altimeter 
readings, and two radio positioning sys­
tems for use in determining the orbit with 
very high accuracy. 

The TOPEX Ground Data System (TGS) 
is located at NASA's Jet Propulsion lab­
oratory. The TGS will normally communi­
cate with the satellite via the Tracking Data 
Relay Satellite System (TDRSS) and asso­
ciated ground communication facilities. An 
alternate communications path for certain 
mission phases or emergencies is provid­
ed via the JPL Deep Space Network. The 
TGS includes seven subsystems, each re­
sponsible for a specific set of functions 
necessary to the overall mission. The Te­
lemetry, Command, and Communications 
Subsystem (lCCS) will capture incoming 
telemetry data, process these data into a 
form usable for monitoring the engineer­
ing health of the satellite, and create data 
sets that can be used by other subsystems 
of the TGS to produce scientific data. 1CCS 
uses hardware assemblies, custom de-
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signed by Goddard Space Flight Center 
(GSFC), utilizing VLSI devices for perform­
ing telemetry frame synchronization and 
transmission of the NASCOM Blocks. The 
1CCS will also translate satellite-command­
ing information into a form compatible with 
that of the satellite, and will control the 
transmission of commands to the satellite. 

The Satellite Sensor Performance Anal­
ysis Subsystem (SPAS) will monitor the 
health of the satellite. It will also control 
the activities of instruments aboard the 
satellite by (1) establishing an overall satel­
lite-operations plan, then (2) analyzing te­
lemetry data received from the satellite via 
the 1CCS and Iocation-related data received 
from the navigation subsystem described 
below, then (3) generating commands to 
be sent to the satellite to carry out the plan. 

The Mission Planning, Sequencing, and 
Scheduling Subsystem (MPSSS) will coor­
dinate the satellite-operations plan with the 
capabilities and constraints of the TGS. It 
will receive commands to be transmitted 
to the satellite from the SPAS and trans­
form these commands into a set of com­
mand sequences that can be sent to the 
satellite when the TDRSS and ground com­
munication services are available. It will 
also provide schedules of events for use 
by operations personnel. 

The Navigation Subsystem (NAVS) will 
receive preprocessed tracking information 
from the Goddard Flight Dynamics Facil­
ity and use this information to provide 
satellite-location (Le., ephemeris) informa­
tion for the Science Data Subsystem. The 
Science Data Subsystem (SDS) will proc­
ess altimetric and radiometric telemetry 
data along with ephemeris data into geo­
physical data records to be distributed to 
end users. 

The Science Verification Subsystem 
(SVS) will also receive the interim and final 
versions of the geophysical data records 
and compare them with measurements 
collected at various test sites on the Earth. 
The purpose of this comparison is to val­
idate and calibrate the satellite-instrument 
data and ground-data processes to ensure 
that the TGS is producing accurate data 
for scientific analysis. 

The Precision Orbit Determination Sys­
tem (PODS) will also receive preprocessed 
tracking information from Flight Dynamics 
Facility at GSFC. By use of sophisticated 
techniques for mathematical modeling of 
orbits, it will produce the satellite ephem­
eris information of the required precision 
and accuracy for use by the SDS in pro­
ducing final geophysical data records that 
satisfy the specifications of the TOPEXj 
POSEIDON project. 

This work was done by Anil K. Agrawal 
and Alvin M. WiJlems of caltech for 
NASA's Jet Propulsion Laboratory. To 
obtain a copy of the report, " The TOPEX 
Ground Data System," Circle 132 on the 
TSP Request card. NPO-18374 
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Calculating Pressures in Electrochemical Cells 
The initial pressure and void volume strongly affect the 
subsequent dependence of pressure on temperature. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
A semiempirical method provides for 

the calculation of operating conditions in 
electrochemical storage cells equipped 
with pressure·relief vents. Conceived for 
use with Li/SOCl2 celis, the method should 
also be applicable to other electrochemi­
cal cells in which the interdependence of 
pressure, temperature, and state of charge 
is a design issue. 

The vent in an Li/SOCl2 cell is intend­
ed to open before the pressure rises to a 
dangerously high value at the expected 
operating temperatures. The semiempiri­
cal method is used to design a cell to 
discharge both safely and completely, 
without reaching the designated venting 
pressure (which is below the maximum 
safe pressure). 

According to the method, the total pres­
sure in a cell is taken to be the sum of the 
vapor pressure of the electrolyte and the 
pressure of the inert gas (argon) that in­
itially fills the void volume above the elec­
trolyte. For this purpose the vapor pressure 
of the electrolyte as a function of temper­
ature is measured in a cell in the fully 
charged and fully discharged states. An 
interpolation is performed for states of in­
termediate charge (see figure). The pres­
sure of the inert gas as a function of tem­
perature is determined from the initial and 
final temperatures and volumes of the in­
ert gas, by use of the ideal-gas law. For 
this purpose, the final volume of the inert 
gas is estimated from the initial void vol-
ume, the decrease in void volume resulting 
from the thermal expansion of the elec­
trolyte, the decrease in void volume re­
sulting from the formation of end products, 
and the increase in void volume resulting 
from the consumption of starting materials. 

Pressure-vs.-temperature-vs.-state·of­
discharge calculations were performed in 
an application of this method to two com­
mercial Li/SOCl2 cells: a Honeywell 250-
Ah cell and a Whittaker-Yardney 250-Ah 
cell. The following conclusions were drawn 
from these calculations: 
• The cells exhibit a spread in tempera­

tures that correspond to a given venting 
pressure. 
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• The spread in temperatures is dimin­
ished as the initial pressure of the inert 
gas increases. 

• The temperature required to produce a 
given pressure increases with an in­
crease in void volume. 

• Suitable venting pressures for the Honey­
well and Whittaker-Yardney cells with 
initial void volumes of 112 mL are in the 
ranges of 250 to 300 psi (1.7 to 2.1 MPa) 

and 200 to 500 psi (1.4 to 3.4 MPa), 
respectively, with initial inert-gas pres­
sures of 15 to 40 psi (100 to 280 kPa) and 
40 psi (280 kPa), respectively. 
This work was done by Ralph wtwack, 

Harvey A. Frank, and Alan I. Attia of Caltech 
for NASA's Jet Propulsion Laboratory. 
For further information, Circle 85 on the 
TSP Request Card. 
NPO-18078 
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Deformable CompositE¥'Honeycomb Telescope Mirror 
Piezoelectric actuators would help compensate for distortions. 

NASA's Jet Propulsion Laboratory, Pasadena, California 

WorR continues to develop a lightweight, 
controllably deformable spherical astro­
nomicai-telescope mirror of about 1-m ap­
erture. The reflecting surface of the mirror 
would be the polished front surface of a 
semirigid sheet; this sheet would be bond­
ed to the front face sheet of a panel that 
would consist of graphite/epoxy face sheets 
bonded to aluminum honeycomb core. By 
use of piezoelectric transducers bonded to 
the rear face sheet of the panel (see Fig­
ure 1), strains would be introduced into the 
rear face sheet and the entire structure to 
correct long·wavelength, slowlY'changing 
distortions of the reflecting surface; e.g., 
those caused by manufacturing toleranc· 
es, relaxations of residual manufactur­
ing stresses, changes in temperature, and 
changes in orientation in the gravitation­
al field. 

Front 
Face 
Sheet 

Rear 
Face 
Sheet 

The reflecting surface, panel, panel sup­
ports, and actuators would be designed 
as an integrated system. One of the prob­
lems in the development effort is to main­
tain the required accuracy of the reflect­
ing surface (root-mean-square deviation of 

Figure 1. Piezoelectric Transducers would be bonded to the rear face sheet of a honey­
comb panel that supports a spherical reflecting surface. Voltages would be applied to 
these transducers to compensate for distortions of the reflecting surface. 
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Thus far, the number and placement of 
transducers have not been optimized. In-
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stead, for purposes of design and analysis, 
the distortions have been approximated by 
combinations of vibrational amplitudes of 
low order, and the coordinated control volt­
ages applied to the various actuators have 
been selected to produce distortions equiv­
alent to the opposites of these amplitudes. 

The concept has been partly tested by 
computer simulations of the behavior of 
the curved mirror/honeycomb-core/trans­
ducer structure and by experiments on flat 
honeycomb panels. One panel to be tested 
soon is 0.792 m wide (flat-to-flat) and 2.54 
cm thick with six radial strips of five ac­
tuators apiece (see Figure 2). Except that 
it is flat instead of spherical (the radius of 
curvature of the mirror would be 7.485 rn), 
this panel resembles the one' to be used 
in the mirror. The results of the experi­
ments will be incorporated into the com­
puter simulations in future efforts to im­
prove the design., 

This oork was done by Chin-Po Kuo and 
Ben K. Wada of Caltech for NASA's Jet 
Propulsion Laboratory. For further infor­
mation, Circle 6 on the TSP Request 
Card. 
NPO-18128 

0.792 m 

Piezoelectric 
Transducers 

Figure 2. This Experimental Flat Hexagonal Panel is similar to the one that would be 
used in the mirror. Thirty transducers arranged symmetrically in radial strips are in­
tended to compensate for those distortions that can be characterized as linear com­
binations of the first six vibrational modes. 

AVIRIS Spectrometer Maps Total Water Vapor Column 
Column abundances are mapped with good precision and spatial resolution. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Observations by NASA's Airborne Visi­

blellnfrared Imaging Spectrometer (AVIRIS) 
have been processed into maps of vertical­
column abundances of water vapor in the 
atmosphere. Such maps can provide val­
uable information for meteorology, clima­
tology, and agriculture. 

AVIRIS takes near-nadir measurements 

of spectral radiance in spectral sampling 
intervals 10 nanometers wide at wave­
lengths from 400 to 2,500 nm. Mounted 
in a U-2 airplane flying at an altitude of 20 
km, AVIF~IS scans a swath 11 km wide with 
an instantaneous field of view of 20 m by 
20 m at the surface. In this case, spectral 
radiances are measured in two wave-

length bands: a continuum band at 870 nm 
and a water band at 940 nm. According 
to a mathematical model developed for 
this purpose, the ratio between these two 
radiances is a function of the total col­
umn abundance of precipitable water as 
measured through (1) the path of down­
welling solar radiation and (2) the path 
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Column Abundances of Water Vapor estimated by the ratio method described in the 
text are compared with a composite three-wavelength image and a topograph ical map . 
The stippled region CD denotes a sharp change in column abundance that Il}CiY 
represent the edge of the water-vapor boundary layer tapered against the topography. 
A denotes a location where optical depth was determined; B denotes a playa used 
as a calibration target. 

of upwelling radiation reflected from the 
surface up along the observed path to the 
spectrometer. 

The AVIRIS measurements are calibrat­
ed with the help of surface measurements 
of bidirectional reflectances of selected 
targets in the scene. Corrections for the 
altitude of the surface, the viewing angle, 
and flight conditions are made. The use 
of the ratio of radiances helps to compen­
sate for variations in albedo (bright and 
dark areas) over the surface: this is be­
cause the two spectral bands are close 
and, consequently, the differences be­
tween the spectral reflectances in the two 
bands should be small. 

The figure illustrates the results ob­
tained by applying this method to a desert 
area in eastern California. An independent 

Books and Reports 
These reports, 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. 

Condensed Acids in 
Antarctic Stratospheric 
Clouds 

Amounts of nitric, sulfuric, 
and hydrochloric acids are 
probably related to the 
depletion of ozone. 

validation of the column abundance at one 
location derived from the AVIRIS data was 
supplied by a spectral hygrometer cali­
brated with respect to radiosonde obser­
vations. The column abundances of water 
vapor were found to conform to topogra­
phy and to decrease with surface eleva­
tion. Overall , the ratio method was found 
to yield column abundances of good preci­
sion and high spatial resolution. 

This 'MJrk was done by James E. Conel, 
Robert 0. Green, Veronique Carrere, Jack 
S. Margolis, Ronald E. Alley, Gregg A 
Vane, Carol J. Bruegge, and Bruce L. Gary 
of Caltech for NASA's Jet Propulsion 
Laboratory. For further information, Cir­
cle 118 on the TSP Request Card. 
NPO-18023 

A report discusses measurements of 
the nitrate, sulfate, and chloride contents 
of stratospheric aerosols during the 1987 
Airborne Antarctic Ozone Experiment. 
Data from these measurements are impor­
tant in testing theories concerning the Ant­
arctic "ozone hole." This study emphasizes 
data concerning the growth of HN03' 

3H 20 particles in polar stratospheric 
clouds, in the context of these theories. 

Aerosols were sampled by an airplane 
flying between 5]0 and 72° south latitude 
at an altitude of 18 km. The aerosol par­
ticles were collected by impact on four 
500-",m-diameter gold wires strung across 
aluminum rings. The wires were pretreated 
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to give results specific to certain physical 
and chemical properties of the aerosols. 
One wire was coated with carbon and 
used for analyses, via scanning electron 
microscopy, of the sizes and concentra­
tions of aerosol particles. One wire was 
coated with nitron [CN4(C6H~3CH], which 
undergoes reactions that indicate the pre­
sence of nitrates. The other two wires were 
coated with barium chloride and silver ni­
trate to detect sulfuric and hydrochloric 
acids, respectively. Immediately after col­
lection and while the flights continued, the 
acids were fixed as ammonium salts by 
exposing them to ammonia. 

The results show that condensed ni­
tric acid is found at temperatures below 
a threshold of 193.6±3.0 K, generally en­
countered at south latitudes above 64 0 at 
the 18-km altitude. Consistent with theories 
of the condensation of HN03'3H20, par­
ticles of nitric acid were not detected at 
temperatures above 200 K. Below the 
threshold temperature, the concentrations 
of nitric acid particles and of ozone were 
negatively correlated with each other, with 
a correlation coefficient of -0.7. This is 
consistent with theories in which the 
freezing-out of nitrates is a prerequisite for 
reactions of gaseous chlorine compounds 
with ozone. 

The collected sulfates indicated the 
presence of liquid sulfuric acid aerosol par­
ticles in concentrations that ranged from 
0.06 to 0.11 I-tg/m~ Such concentrations 
are comparable to those found in northern 
mid latitude aerosols in the absence of 
volcanic activity. Hydrochloric acid was 
found to be present, but in only a few cases 
was the concentration great enough to be 
measurable by energy-dispersive x-ray an­
alysis. From the limited available data, it 
was estimated that the mass of HCI in the 
specimens was about 4 percent of the 
mass of H2S04, 

This work was done by R. F. Pueschel, 
K. G. Snetsinger, Q 8. Toon, G. V. Ferry, 
W L. Starr, V. R. Oberbeck, and K. R. Chan 
of Ames Research Center, J. K. Goodman 
of San Jose State University, J. M. 
Uvingston of SRI International, S. Verma of 
TMAINorca/, and W Fong of Information 
Management, Inc. To obtain a copy of the 
report, "Condensed Nitrate, Sulfate, and 
Chloride in Antarctic Stratospheric Aero­
sols," Circle 87 on the TSP Request Card. 
ARC-12618 

N20 as a Tracer of Antarctic 
Atmospheric Flows 

Experimental data are 
relevant to studies of the 
depletion of ozone. 

A report discusses the use of natural 
N20 as a tracer gas in the effort to deter-
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mine large-scale lower stratospheric air 
flows during the 1987 Airborne Antarctic 
Ozone Experiment. Data on such flows are 
essential to understanding the vertical mo­
tions and the horizontal transport of air in­
to and out of the southern polar vortex and 
the "ozone hole," and as such can be used 
to test theories on the depletion of ozone. 
N20 was chosen as a tracer because (1) 
it has purely tropospheric sources, (2) it 
has a tropospheric lifetime > 20 years and 
is therefore well mixed (with a geographic 
variation of less than 1 percent) throughout 
the troposphere, and (3) it has a long 
chemical lifetime in the lower stratosphere 
(altitudes of 12 to 20 km), where the An-

Designing the Future 
with Algor 

tarctic ozone is being lost. 
Concentrations of N20 were measured 

by an airborne second-harmonic absorp­
tion spectrometer containing a Pb1_?nxK3 
tunable diode laser that operated near 
the -1 ,300 cm-1 absorption line of N20. 
These measurements have a temporal res­
olution of 1 s, which, at the speed of the 
ER-2 airplane, yields a spatial resolution 
of - 200 m. Pressures, temperatures, and 
latitudes were also recorded by a mete­
orological measurement system. 

Data were taken on 12 flights into the 
Antarctic vortex (which is bounded approx­
imately by the circle at 600 south latitude) 
and on 5 flights outside the vortex du~ng 
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August and September of m87. Vertical 
distributions of N20 were obtained within 
the vortex on most of these flights, and out­
side the vortex on some of them. Altoge­
ther, the measurements yielded an exten­
sive new set of data on the concentration 
of Np in the lower stratosphere at lati­
tudes from 41 ° S to 72° S during the late 
Antarctic winter and early Antarctic spring. 

Instead of altitude, the "natural" vertical 
coordinate used to present the data on 
N20 is the potential temperature, 0, which 
is based on an isentropic model of the var­
iation of pressure, temperature, and den­
sity with altitude. For a given parcel of air 
moving in the lower stratosphere, 0 tends 

to be conserved for several days, N20 
and 0 are transported together by atmos­
pheric motions, and mixing tends to equal­
ize the concentrations of N20 on surfaces 
of constant O. 

The data from flights into the vortex show 
that the concentration of N20 decreased 
from 53° to 72° south latitude on surfaces 
of constant 0 in the lower stratosphere. The 
data lead to two important conclusions: (1) 
The lower stratosphere at that time was 
occupied by "old" air, which had subsided 
several kilometers during the Antarctic 
winter; and (2) the distribution of N20 in 
the vortex was approximately in a steady 
state at that time, indicating that the spring 

Exhibit Your Latest Products 
At America's Premier 
Technology Showcase 

58 

TECHNOLOGY 

2002 
The Third National Technology Transfer Conference & Exposition 

December 1·3, 1992 
Baltimore, MD Convention Center 

Join leading federal laboratories, universities, and high-tech companies displaying 
the latest advances in electronics, computing, materials, manufacturing technology, 
and more! Sponsored by NASA and NASA Tech Briefs, Technology 2002 is your 
best, most cost-effective opportunity to meet with and sell to a large number of 
technology managers and senior design engineers in industry and government. 
Prime exhibit spaces are going fast...reserve your place at Technology 2002 today! 

call (800) 944-NASA for a complete information package. NY residents call (212) 490-3999. 

upwelling of air, suggested by several theo­
ries, did not occur. 

This work was done by M. Loe-wenstein. 
J. R. Podolske, and K. R. Chan of Ames 
Research Center and S. E. Strahan of the 
National Research Council. To obtain a 
copy of the report, "Nitrous Oxide as a 
Dynamical Tracer in the 1987 Airborne An­
tarctic Ozone Experiment," Circle 47 on 
the TSP Request Card. 
A RC-12453 

Monitoring Global 
Temperatures From 
Satellites 
Microwave radiometers 
measure temperatures 
with useful precision. 

A report published in the 30 March 1990 
issue of Science provides evidence that 
passive microwave radiometry from satel­
lites provides more-precise information on 
atmospheric temperatures than does the 
relatively sparse distribution of thermome­
ters over the surface of the Earth. Accurate 
estimates of global atmospheric temper­
atures are needed for detection of possi­
ble "greenhouse" warming, for evaluation 
of computer models of change in climate, 
and for understanding important factors in 
the climate system. 

The authors examined data from micro­
wave sounding units (MSU's) carried aboard 
the TIROS-N series satellites of the Na­
tional Oceanic and Atmospheric Admini­
stration (NOAA). The MSU's are Dicke-type 
radiometers designed to measure the ther­
mal emission of radiation by atmospheric 
02 at four frequencies near 60 GHz. The 
authors examined, in particular, data from 
MSU channel 2 (53.74 GHz), which meas­
ures the temperature of the middle 
troposphere. 

Each MSU is calibrated externally by 
measurement of the cosmic background 
radiation, which is assumed constant at 
a temperature of 2.7 K. It is also calibrated 
internally by a warm target, the tempera­
ture of which is monitored by redundant 
platinum resistance thermometers. This 
calibration procedure cancels the effects 
of changes in the components of the MSU. 
Each Earth-viewing measurement is then 
calculated as a "brightness temperature" 
(Tb) by interpolation between the two cali­
bration temperatures. Because the trop­
ospheric O2 closely approximates a black­
body in MSU channel 2, its thermometric 
temperature (the temperature that would 
be indicated by a thermometer in contact) 
is closely approximated by Tb. 

Comparison of Tb data from channel 2 
(averaged at 2-day intervals over both the 
Northern and Southern Hemispheres) from 
two satellites operating simultaneously 
during the period from 29 June 1981 to 16 
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April 1983 in Sun-synchronous, near-polar 
orbits revealed the following: 
• The standard deviation of the sums of the 

data from the two satellites is much larg­
er than the standard deviation of the dif­
ferences between the data. This means 
that both satellites were measuring near­
ly the same variations in temperature and 
implies that hemispheric temperature 
anomalies can be measured with rel­
atively little error from a single satellite. 
The 2-day average difference between 
temperatures measured by the two 
satellites was about 0.05 °C; the month­
ly average difference was about 
0.011 °C. The authors estimate that the 
precision of monthly satellite measure­
ments is about ±0.01 °C for the globe . 

• The sums of the two sets of data reveal 
that dramatic globally averaged warm­
ing and cooling events of greater than 
0.5 °C can occur in less than 2 weeks. 
The warmings are possibly associated 
with stormy periods, when large amounts 
of latent heat were released in precipita­
tion of moisture previously evaporated 
from the Sun-warmed ocean. The cool­
ings might be associated with the forma­
tion of widespread low-level cloudiness, 
which reflects significant amounts of in­
coming solar radiation . 

• The long-term drift of one MSU relative 
to the other is so small «0.01 °C in 2 
years) that it is virtually unmeasurable. 
To demonstrate that MSU measure-

ments are closely related to thermometric 
temperature, the authors compared month­
ly temperature anomalies from thermom­
eters over the contiguous United States for 
the period 1979 through 1987 to the month­
ly midtropospheric temperature anomalies 
measured from the satellites. (The distribu­
tion of thermometers over the United 
States is widely accepted as good enough 
for climate work.) The resulting anomaly 
time series were similar, as verified by a 
scatter plot and a correlation coefficient 
of 0.89. This correlation agrees with those 
between radiosonde near-surface and 
upper-air measurements. 

Satellite data for the years 1979 to 1988 
reveal large fluctuations in the hemispheric 
and global temperatures. The slower, in­
terannual trends in the Northern and 
Southern Hemispheres follow each other, 
but on monthly-to-seasonal time scales; 
the trends in the two hemispheres often 
oppose each other. The warmest years 
during the experiment, in decreasing order 
of temperature, were 1988, 1987, 1983, 
and 1980; the years 1984, 1985, and 1986 
were the coolest. There is no obvious long­
term trend, and anomalies during the first 
5 years nearly balance those during the 
last 5 years. The 10-year time series ex­
hibits bifurcation in that there are 9 cool 
or warm years and only 1 year (1981) that 
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could be considered "average." This pat­
tern makes the definition of "normal" for 
global temperatures uncertain. 

This 'NOrk was done by Roy W Spencer 
and John R. Christy of Marshall Space 
Flight Center. To obtain a copy of the 
report, "Precise ' Monitoring of Global 
Temperature Trends From Satellites," Cir­
cle 37 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 18l.Refer 
to MFS-2724B. 

Dispersion of Evaporating 
Drops in a Vortex 
Dynamic and thermodynamic 
interactions are described. 

A report presents a theoretical study of 
the behavior of a cluster of evaporating liq­
uid drops entrained in an annular cross 
section of a long, coherent gas vortex. This 
is one in a continuing series of studies that 
are contributing to our understanding of 
the evaporation and combustion of 
sprayed liquid fuels. The annular-cross­
sectionlvortex configuration was chosen 
for study because it approximates config-
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remember when a magical box gave you the power 
to simulate an infinite variety of complex, 

non-linear systems and explore time-varying 
behavior during interactive execution? 

Once upon a time you had a toybox. • 
You opened it and suddenly any situation 
was yours for the recreation and 
re-creation. With MGA's Advanced 
Continuous Simulation Language (ACSL), 
that same wondrous power can now be 
found inside your computer. 

ACSL is the software that gives you the 
power to simulate complex, non-linear 
systems, faster, with better results. With 
ACSL, you can simulate a wide variety of 
dynamic systems and physical phenomena, 
such as aircraft, missiles, automobiles, 
electro-mechanical and mechanical 
systems, chemical process plants, friction, 
vibration, and thermal reactions. 

ACSL lets you be more productive, 
because it provides you with the facilities 
and functions that you'd otherwise have 
to write for yourself with a general 
purpose language. So you can focus more 
of your time and energy on your par­
ticular engineering challenge. 

ACSL also provides maximum inter· 
active execution, with far more flexibility 
than competing software. It lets you vary 
all conditions and specify outputs through· 
out the process. 

Plus MGA's service and support give 
you instant access to a vast quantity of 
industry and operations information . 
When you purchase ACSL from MGA, 
it's the beginning of a very interactive 
relationship. 

Find oul more aboul ACSL by colling 
508·369-5115 or FAXing 508-369-0013-. 

It could lake you back to a lime when 
simulation was as simple as child's play 
and as powerful as your imagination. 

MitcheU and Gauthier 
Associates, Inc. 

The only real choice for simulations. 
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urations that have been observed in ex­
periments. Experiments also show that the 
larger coherent vortexes at the edge of a 
spray control the entrainment of air into 
the spray and determine the distribution 
of number densities and sizes of drops in 
the mixing region between the spray and 
the surrounding air. 

The mathematical model of the vortex 
and cluster is formulated in cylindrical co­
ordinates and incorporates a number of 
simplifying assumptions, including that (1) 
both the vortex structure and the distribu­
tion of drops have infinite axial length and 
are uniform along the axial and azimuthal 
directions, (2) there are no body forces, (3) 
the ambient pressure is atmospheric, and 
(4) the far-field flow conditions are speci­
fied. In the model, the cluster of drops has 
two boundary surfaces, which lie, respec­
tively, at the inner and outer radii of the 
annulus. The inner boundary develops with 
time as a result of the centrifugal force of 
vortical motion. Thus, three regions are 
considered: the inner region, which con­
tains only gas with a line vortex on the axis; 
the cluster, which contains both gas and 
liquid drops; and the region outside the 
cluster where, again, only gas is present. 
The radial and azimuthal velocity profiles 
of both drops and gas are continuations 
of free vortex and solid body motions. 

The annular cluster of drops is assumed 
to be spatially homogeneous in thermody­
namic quantities. Each drop is considered 
to be surrounded by a sphere of influence, 
centered at the drop center, of diameter 
equal to the distance between the centers 
of two adjacent drops. The temperature of 
a drop and of the gas in its sphere of in­
fluence are assumed to vary with time and 
with the radius from the center of the drop. 

The dynamic coupling between the liq· 
uid and gas phases is represented as a 
drag resulting from a slip velocity between 
the two phases. The net force of interac­
tion between the drops and the gas that 
contains them is attributed to thrust from 
evaporation plus drag on each drop. The 
drag coefficient accounts for blowing from 
the surfaces of the drops. Thermodynamic 
coupling between the liquid and gas phases 
is accounted for through a model of heat· 
ing and evaporation of the drops. The limi· 
tations imposed by the proximity of the 
drops upon the dynamic and thermodyna' 
mic coupling are taken into account; con­
sequently, the overall mathematical model 
applies to both dense and dilute clusters 
of drops. 

Computations were performed with this 
model for drops of n·decane in a vortex, 
under various initial and boundary condi· 
tions. The numerical results are presented 
as plots that show the dependencies of 
the evaporation time, the ratio between the 
final and initial volumes, and the ratio be· 

NASA Tech Briefs, April 1992 



HOVIMET 
CONDUCTIVE PIGMENTS 

Conductive Silver Coated Nickel Flakes Conductive Nickel Flakes 

Conductive Silver Coated Nickel Spheres Conductive Nickel Spheres 

Conductive Nickel Coated Alumina Nickel Coated Graphite 

Also: 

Conductive Nickel Coated Glass Frit 

Conductive Nickel Coated Aluminum 

Conductive Nickel Pigment 525 

Conductive Silver (0.5%) Stabilized Nickel Flakes 

And 

Custom Nickel Coating 

Custom Micron Separation of Nickel Powders 

Custom Screening of all Novamet Pigments 

I NOVAMETI 
Novamet Specialty Products Corporation, An INCO Company 

10 Lawlins Park, Wyckoff, New Jersey 07481 (201) 891-7976 

Circle Reader Action No. 635 



tween the final and initial thickness of the 
annulus upon (1) the initial ratio between 
the masses of air and fuel for several in­
itial tangential velocities, (2) the initial 
Stokes number, (3) the initial radius of the 
drops, and (4) the initial inner and outer 
radii of the annulus. Differences between 
the behaviors and the parameters that 
most strongly affect the behaviors of dense 
and dilute clusters are indicated. It is found 
that for a dense cluster, the ratio between 
the final and initial volume, and the final 
and initial thickness of the annulus scale 
with the initial Stokes number. 

This work was done by Josette Bellan 
and Kenneth G. Harstad of Caltech for 

NASA's Jet Propulsion Laboratory. To 
obtain a copy of the report, " Some 
Aspects of Uquid Dispersion and Evapora­
tion in Swirling Flows," Circle 133 on the 
TSP Request Card. 
NP0-18107 

Phase Calibration of 
Polarimetric Radar Images 
Causes of various types 
of errors are discussed. 

A report addresses the problem of cal­
ibration of the differences between the 
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phases, relative to the transmitted signals, 
of the signals received in the two polariza­
tion channels of a polarimetric imaging 
radar system. Such calibration is neces­
sary to extract important polarization and 
phase information from a radar image. By 
making fuller use of this information, one 
can deduce more information about the 
target area - e.g., type of terrain, pres· 
ence of vegetation, landlwater boundaries, 
and the like. 

The causes of various types of phase 
errors are discussed. These include dif­
ferences between the lengths of signal 
paths in the eqUipment, differences be­
tween receiver gains, coupling between 
polarization channels, and noise. In addi­
tion, differences between the lengths of 
signal paths outside the equipment can 
cause spatial variations of phase errors if 
the phase centers of the vertically and 
horizontally polarized antennas are at dif­
ferent locations; a simple mathematical 
model is developed to explain this effect. 
The dependence of coupling between p0-
larization channels upon angles of inci­
dence can give rise to still more spatially 
varying phase errors, which can manifest 
themselves as spatially varying phase shifts 
in measured clutter statistics. 

Phase calibration by use of both point 
targets that have known scattering proper­
ties (e.g., trihedral corner reflectors) and 
distributed targets (ocean waves or rough­
ness of natural terrain, which give rise to 
clutter) is discussed. It is shown that a 
method for calibrating phase by use of dis­
tributed targets gives results equivalent to 
those obtained by use of calibrating reflec­
tors, provided that (1) the scattering is re­
ciprocal, (2) the two copolarized compo­
nents of the scattering matrix are statis­
tically correlated, and (3) the like- and 
cross-polarized components of the scat­
tering matrix are statistically uncorrelated. 
These assumptions are valid for some lim­
ited types of clutter; for example, it has been 
verified in synthetic-aperture-radar scatter­
ing in the X-band from a tree canopy and 
in the C- and L-bands from a dry lakebed. 

These assumptions would not apply to 
L -band scattering from cornstalks or other 
predominantly two-bounce scattering. It 
would be difficult to apply the method to 
scatter from ocean scenes because the 
cross-polarized scatter in them is too low 
relative to leakage of signals between 
channels in the eqUipment. Further, ex­
perimental data indicate that nadir regions 
in radar images may not be usable. 

This work was done by Anthony 
Freeman of Caltech and Dan R. Sheen 
and Erik S. Kasischke of the Environmen­
tal Research Institute of Michigan for 
NASA's Jet Propulsion Laboratory. To 
obtain a cop! of the report "Phase Calibra­
tion of Polarimetric Radar Images," Circle 
49 on the TSP Request Card. 
NPO-17921 
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Electrochemical System Would 
Supply O2, H 20 , N2, and H2 

Atmospheric gases would be stored in prope llant 
rather than compressed. 

Lyndon B. Johnson Space Center, Houston, Texas 
A proposed electrochemical system 

would generate 0 20 Hp. N20 electrical en­
ergy, and (optionally) H2 from hydrazine 
(N~~, nitrogen peroxide (NP~, and their 
derivatives, which are normally used as 
propellants in rocket engines. While intend· 
ed primarily to supply atmospheric gases 

. for the inhabited portion of a spacecraft, 
the concept of the system may be applica· 
ble to some terrestrial enclosed environ­
ments, laboratories, chemical processing 
plants, or portable medical facilities. 

The electrochemical process (see fig­
ure) is based on the reactions NP4-
N2+ 2°2, N204 + 2N 2H4-3N2+ 4H 20 , 
and (optionally) N~4-N2+2H 2' The re­
actions would take place in fuel cells and 
would consume heat in the comfortable 
range of room temperatures. Thus, the 
system could also be used to cool the en­
closed environment. The electrical energy 

generated by the fuel cells courd be sup­
plied to other systems, and the byproduct 
water could be purified for consumption. 
The purified gases could be fed to the en­
vironmental system or stored in a conven­
tional cryogenic system. 

The system is expected to generate 
more oxygen or nitrogen per unit overall 
weight than can be stored conventionally 
as compressed gas or refrigerated liquid. 
According to a preliminary estimate, the 
weight of the electrochemical cells and 
associated equipment would be less than 
100 Ib (45.4 kg). 

This work was done by Richard T. Walter 
of Johnson Space Center and Paul D. 
Van Buskirk of Lockheed Engineering and 
Sciences Co., Inc. For further information, 
Circle 106 on the TSP Request Card. 
MSC-21404 

Storage 
Tanks 

Treatment or 
Fuel Cells Purification 

r-~~ 

The Electrochemical System would include fuel 
cells that would convert high-energy-density chemi­
cal propellants to atmospheric gases. As an added 
benefit, the system would provide some cooling , 
water, and electrical energy. 
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~~Sol.Gel Synthesis of Aluminoborosilicate Powders 
The sol-gel process gives some control over the properties of the powders. 

Ames Research Center, Moffett Field, California 
The application of the sol-gel process 

to the synthesis of aluminoborosilicate 
powders with the molar ratio 3:1 :2 (Al20 3: 
S203:Si02) has shown the potential for 
control of the microstructures of these mao 
terials. The development of materials in the 
AIP3:S203:Si02 system that have en· 
hanced processing characteristics should 
prove advantageous in extending the high­
temperature endurance of fibrous refrac­
tory composite insulation made from ce­
ramic fibers in this system. 

In the beginning of a demonstration of 
one method of synthesis, an ethanol solu­
tion of tetraethyl orthosilicate (TEOS) was 
partially hydrolyzed, and an ethanol solu­
tion of trimethyl borate (TMB) was added 
while stirring. The resulting borosiloxane 
sol was added to a slurry of aluminum iso­
propoxide (AlP) [and, in an alternative ver­
sion, to aluminum secbutoxide (ASS)]. This 
mixture was hydrolyzed by the dropwise 
addition of a solution of ethanol and water, 
with additional stirring. A second method 
of synthesis was similar, except that the 

AlP 

alumina precursor was added before the 
boria precursor, and an ethanolic solution 
of TMB was then added to the correspond­
ing aluminosiloxane sol. 

The resulting sol-gels were dried to 
powders in an air-circulated oven at 80°C 
for 24 to 48 h. Each powder was ground 
with a porcelain mortar and pestle and 
heated again at 600 °c for 2 h in flowing 
air. These precalcined powders were sifted 
through an 80-mesh (177-l-'m) sieve. Ag­
glomerates that could not pass through the 
sieve were ground until they passed free­
ly through the sieve; two passes were all 
that were necessary. Powder compacts 
were made from the resultant material by 
cold pressing at variable loads in a carbon­
steel die that had been lubricated with 
sprayed zinc stearate. 

The mean diameters of particles of 
powders synthesized from AlP were 51-'m 
less than those of particles of powders 
synthesized from ASS. Powders synthe­
sized from AlP included regularly shaped 
agglomerates composed of what appear 

to be rod-shaped crystallites; those based 
on ASS included shardlike glassy agglom­
erates (see figure). However, all powders 
were amorphous after precalcination, with 
the metal oxides comprising 87 percent 
of the weight, and uncombusted organics 
the remainder. 

The compaction behaviors of the 
powders reflected the characteristics of 
the particles. Compacts of greater densi­
ty at lower compaction pressures were 
achieved with AlP-based powders. Dif­
ferential thermal analysis revealed a tran­
sition from gel to glass at a temperature 
of about 835°C and an exotherm, which 
was attributed to a crystalline transforma­
tion, at approximately 900 °C. An increase 
in the loss of weight above 1,100 °C could 
have been due to the vaporization of boria. 
The temperature range and magnitude of 
the increase varied according to the meth­
od of synthesis. 

ASB-base powders contained less of 
trace impurities than did AlP-base pow­
ders; this was attributed to the chemical 

Ase 
~ ______________ ~A~ ______________ ~ ~ ______________ ~A~ ______________ __ 

80 I'm 

Scanning Electron Photomicrographs of precalcined agglomerates from AIP- and ASB-base powders reveal that the shapes of the 
AlP-base agglomerates (left) are more regular than are those of the ASB-base agglomerates (right), which appear more shardlike. 
The lower photograph for each material shows, at greater magnification, the area indicated by the rectangle in the upper photograph. 
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purity of the alumina precursor. No cor­
relation between these contaminants and 
the characterized powders was evident. 

This work was done by Jeffrey Bull and 
Daniel LEiser of Ames Research Center 

and Guna Selvaduray of San Jose State 
University. For further information, Circle 
64 on the TSP Request Card. 
ARC-12764 

Colorimetric Detection of Substances 
in Liquids and Gases ~J 
The colors of solvatochromic dyes dispersed in thin films 

change upon exposure. 

Marshall Space Flight Center, Alabama 
Thin polymer films containing solvato­

chromic dyes are used as sensing ele­
ments in a new method for the colorimetric 
detection of substances dissolved in liq· 
uids and gases. Solvatochromic dyes have 
been known for years as dyes that do not 
react chemically with liquids in which they 
are dissolved but do respond to changes 
in the chemical compositions of the liquids 
by changing in color. 

In the new method, a dye that responds 
to the substance(s) that one seeks to 
detect is incorporated in a film of polymer 
that is pervious to the substance(s). The 
film is exposed to the gas or liquid that 
contains the substance(s), and its color 
changes rapidly. The concentration of the 
substance(s) in the liquid or gas is deter­
mined either visually by comparison of the 
color of the film with a predetermined 
standard color chart or spectrophotomet­
rically; e.g ., by measurement of the wave­
length of maximum absorbance. 

The method admits of useful variations. 
For example, another film that is pervious 
to only certain specified substances can 
be placed on the sensing film so that only 
those substances are allowed to reach the 
dye and produce detectable changes in 
color. One could also combine this ap­
proach with measurement of the change 
of the absorption spectrum with time to 

determine the permeability of the cover­
ing film to the specified substances. 

Experimental sensing films to measure 
humidity were made of three polymers 
containing the solvatochromic dye 2,6-
diphenyl-4~2 ,4 ,6-triphenyl-N-pyridinio)phe­
nolate, which is sensitive to water mole­
cules . The wavelength of maximum 
absorption in the ultraviolet and visible 
spectrum of these films was found tei 
decrease with relative humidity. The best 
results (in the sense of the steepest and 
most nearly linear dependence on humidi­
ty) were obtained with poly(vinyl acetate) 
(see figure). The time required to attain the 
equilibrium value of the wavelength of 
maximum absorption depends on the 
thickness of the film and the rate of flow 
of air across the film; poly(vinyl acetate) 
films 10 p.m thick were found to give 
equilibrium values within 10 to 15 s. 

This work was done by J. Milton Harris, 
R. Andrew McGill, and Mark S. Paley of 
the University of Alabama in Huntsville for 
Marshall Space Flight Center. For fur­
ther information, Circle 135 on the TSP Re­
quest Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center[see page 18l.Refer 
to MFS-26128. 
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COSMIC: Transferring NASA Software 
COSMIC, NASA's Computer Software Manage­

ment and Information Center, distributes software 
developed with NASA funding to industry, other 
government agencies and academia. 

COSMIC's inventory is updated regularly; new 
programs are reported in Tech Briefs. For additional 
information on any of the programs described here, 
circle the appropriate TSP number. 

If you don't find a program in this issue that meets 
your needs, call COSMIC directly for a free review of 

Computer Programs 
These prog rams may be obtained at a very 
reasonable cost from COSMIC, a facility spon­
sored by NASA to make computer programs 
available to the public. For information on 
program price , size, and availability, circle the 
reference number on the TSP and COSMIC 
Request Card in this issue. o MechaniCS 

Adapting Grids for 
Computing Two· 
Dimensional Flows 

Grids are modified according 
to in itial computed flows to 
enable recomputation at 
greater accuracy. 

SAGE2D is a two-dimensional implemen­
tation of the Self Adaptive Grid Evolution 
computer program. Solution-adaptive grid 
programs are useful software tools for ef­
ficient and accurate predictions of flows. 
In supersonic and hypersonic flows, grid 
points in such strong gradient regions as 
shocks, contact discontinuities, shear lay­
ers, and the like must be distributed care­
fully to minimize grid errors and enable the 
computation of accurate flow structures. 
SAGE2D makes it possible to obtain a 
more accurate solution by intelligently re­
distributing (Le., adapting) the initial grid 
points on the basis of an in itial flow-field 
solution obtained on the initial grid. The 
user then computes a new solution by use 
of the adapted grid. 

In adaptive-grid methodology, the prob­
lem is posed in an algebraic, unidirectional 
manner for multidimensional adaptations. 
The procedure is analogous to applying fic­
titious tension and torsion spring forces 
proportional to the local gradient of flow 
at every grid point and finding the equi­
librium position of the resulting system of 
grid points. The multidimensional problem 

66 

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

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

COSMIC John A. Gibson, Director, 
Phone (404) 542-3265 ; FAX (404) 542-4807 
The University of Georgia, 382 East Broad Street, 
Athens, Georgia 30602 

of grid adaptation is split into a series of 
one-dimensional problems along the com­
putational coordinate lines. A tridiagonal 
solver algorithm must then be used to 
solve the reduced one-dimensional prob­
lem to find the locations of grid points 
along a coordinate line. Multidirectional 
adaptation is achieved by the sequential 
application of the method in each coor­
dinate direction . 

The fictitious tension force directs the 
redistribution of points to the strong-gra­
dient region . To maintain smoothness and 
a measure of orthogonality of grid lines, fic­
titious torsional forces are introduced to re­
late information between the family of lines 
adjacent to one another. The smoothness 
and orthogonality constraints are direction­
dependent, inasmuch as they relate only 
the coordinate lines that are being adapted 
to the neighboring lines that have already 
been adapted. Therefore, the solutions are 
nonunique and depend on the order and 
direction of adaptation . Nonuniqueness of 
the adapted grid is acceptable because 
it makes possible an overall reduction of 
local error through redistribution of the grid. 

SAGE2D provides the capabil ity to mod­
ify the adaptation techniques in boundary 
regions, thereby improving substantially 
the flexibility of the adaptive scheme. The 
vectorial approach used in the analysis 
also provides flexibility. The user has com­
plete choice of the direction of adaptation 
and the order of sequential adaptations 
without concern for the computational 
data structure. Multiple passes are avai l­
able with no restraint on stepping direc­
tions; for each adaptive pass the user can 
choose a completely new set of adaptive 
parameters. This fac ility, combined with 
the capability of control of edge bounda­
ries, enables the code to handle multidi­
mensional multiple grids. Zonal grids can 
be 9,dapted while maintaining continuity 
along the common boundaries. For patched 
grids, the multiple-pass capability enables 
complete adaptation . 

Certain classes of grids require addi-

tional inputs from the user. By use of ap­
proaches described in the documentation, 
SAGE2D can handle grids with a cyclical 
or " O" -type structure (e.g., " 0 " - type grid 
around a sphere) as well as the special ized 
grid structure associated with compressor 
and turbine flows and airfoil flows (e.g ., H­
and C-type grids that require periodic or 
matching boundaries). 

SAGE2D is written in FORTRAN 77 and 
is intended to be machine-independent. It 
has been successfully implemented on 
Sun, SGI IRIS, DEC MicroVAX, and Cray 
YMP computers. Source code is provid­
ed, but no sample input and output files 
are provided. The code reads two data 
files, one that contains the coordinates of 
the grid (x, y) and the other that contains 
corresponding flow-field variables. It is 
assumed that these sets of data are for­
matted as defined in the plotting software 
package PLOT3D. Versions of PLOT3D 
suitable for use on several different com­
puters are available from COSMIC. About 
2.5 Mb of main memory is required for ex­
ecution. SAGE2D is available on a O.25-in. 
(6.35-mm) streaming-magnetic-tape car­
tridge in UNIX tar format (standard distribu­
tion medium) or on a 9-track 1,600-bit! in . 
(630-bit! cm) ASCII CARD IMAGE format 
magnetic tape. SAGE2D was developed 
in 1989 and first re'leased in 1991 . 

This program was written by Carol B. 
Davies of Sterling Software and Ethiraj 
Venkatapathy of Eloret Institute for Ames 
Research Center. For further information, 
Circle 157 on the TSP Request Card. 
ARC-1275 7 

Designing Assemblies 
of Plates 

VICONOPT facilitates design 
and analysis with respect to 
buckling and vibrations. 

VICONOPT is a computer program that 
calculates vibrations and instabilities of 
assembl ies of prismatic plates. The pro­
gram provides capabi lities for optimization 
and the imposition of constraints. It is de­
Signed for effic ient, accurate analysis of 
buckling and vibration and for the optimum 
design of panels of composite materials. 

VICONOPT can be used either as an 
analysis program or as an optimum-design 
program . The analysis featu res cover the 
calculation of eigenvalues - i.e., the cri t i­
cal load factors in buckling problems or 
the natura l frequencies in undamped­
vibration problems - with the option of 
finding the shapes of the corresponding 
vibrational modes and associated levels 
of perturbation stresses. The optimum-de­
sign features use the results of buckling . 
analysis w ithin a sizing strategy to con­
verge on a safe design of low (nearly op­
timum) mass. 

VICONOPT includes two major compo-
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Problem: Corporate Knowledge Retention 

Solution: Synapse Workstations 

Ron Drew retired from a major corporation in January. 

Ron had worked from the time he was eighteen years old 
and had significant input in research and development of 
many product lines. 

The entire company showed up to see Ron off after work 
on his last day. He had a chance to share the good 
times again with the not so good for the last time as an 
employee. 

One of Ron's last duties was to call us at SYNAPSE 
Knowledge Engineering. Ron knew that when he left a 
void would be created that would not easily be filled. With 
SYNAPSE software , he could leave his expertise within the 
corporation. 

American corporations will spend 18 billion dollars this 
year in retraining or research due to the loss of employees. 
Whether it is an intern at a university, scientist or 
corporate employee, expertise is too expensive to lose. 

SYNAPSE Workstations are sophisticated, yet easy to use 
and allow you to accurately acquire, structure, organize 
and re represent knowledge in computer and knowledge 
based formats. 

SYNAPSE is engineered to run seamlessly in many 
environments and be used in areas of design, trouble­
shooting, systems design and artifiCially intelligent 
programming. SYNAPSE provides netw.ork 
communications, bulletin boards, multimedia manage­
ment and a variety of analysis tools to effectively acquire 
and maintain knowledge. 

From corporate training to education and the only 
Knowledge Engineer Certification Program in the world, 
SYNAPSE provides a total knowledge acquisition 
environment for real world solutions. 

To find out more about SYNAPSE, give us a call at 
(516) 689-0458. 

SYNAPSE Knowledge Engineering 

129 Christian Avenue, Stony Brook, 'New York 11790 Synapse 
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nents: VIPASA - Vibration and Instability 
of Plate Assemblies Including Shear and 
Anisotropy; and VICON - VIPASA With 
Constraints. Optimization is accomplished 
by use of CON MIN - CONstrained func­
tion MINimization, (ARC-10836) in a man­
ner similar to that used by PASCO - Panel 
Analysis and Sizing COde (lAR-13164). Im­
provements in the sizing strategy have 
greatly reduced the time required for 
optimization. 

VIPASA implements the stiffness-matrix 
method based on the exact theory of flat 
plates. It also incorporates a theoretically 
derived algorithm that guarantees conver­
gence on all required eigenvalues. This en­
ables the user to employ multilevel substruc­
turing very concisely and flexibly to reduce 
solution times, data-preparation times, and 
memory usage. VIPASA is based in part 
on the assumption of modes with sinu­
sQidal longitudinal variation of half-wave­
length A, whereas VICON modes are sums 
of such modes. In VICONOPT, Lagrangian 
lJlultipliers are introduced to constrain the 
response to be compatible with rigid or 
elastic supports, including transverse 
beams attached at arbitrary locations. If 
no constraints are present so that VIPASA 
may be used, the results are exact. While 
an infinite number of A's are theoretically 
necessary to make VICONOPT exact, on­
ly a few are usually required to achieve 
engineering accuracy. 

The VICONOPT sizing strategy involves 
three types of resizing steps: the initial 
stabilization step, the CONMIN optimiza­
tion step, and the final stabilization step. 
The initial stabilization step brings unstable 
or overstable initial designs to a "just" sta­
ble configuration by altering design variable 
thicknesses to converge on a configura­
tion such that the most critical eigenvalue 
for the set of buckling modes specified by 
the user becomes unity. The CONMIN op­
timization step entails linear programming 
techniques that alter design variables so 
that the mass of the assembly of plates 
is reduced without violating the buckling 
and configurational constraints. The final 
stabilization step returns the optimized 
configuration to a "just" stable condition. 
This step is necessary because the linear­
izing assumptions made during optimiza­
tion are likely to require correction. 

VICONOPT was written in FORTRAN 77 
for implementation on DEC VAX-series com­
puters. The main memory requirement is 
approximately 2 Mb. The program is availa­
ble on a 9-track, 1 ,600-bit/in. (630-bit/cm) 
magnetic tape in VAA BACKUP format 
(standard medium) or a TK50 tape cartridge. 
The program should be readily adaptable 
to any workstation or to mainframe-class 
computers with a few modifications, which 
are outlined in the documentation. Graphi­
cal output can be obtained easily on most 
computers, inasmuch as the only graphi­
cal routines required are those to move, 
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draw, and write text. VICONOPT was de­
veloped in 1990. 

DEC VAX and VMS are trademarks of 
Digital Equipment Corp. 

This program was written by F. W 
Williams, D. Kennedy, R. Butler, and G. 
Aston of University of Wales College of 
Cardiff and M. S. Anderson of Old Domin­
ion University for Langley Research 
Center. For further information, Circle 90 
on the TSP Request Card. 
LAR-14523 

Solving Large Sparse 
Symmetric Eigenproblems 
The LANZ program is based 
on the Lanczos algorithm. 

The LANZ computer program imple­
ments a sophisticated algorithm based 
on the simple Lanczos method for solving 
the generalized eigenvalue problem. LANZ 
uses a technique called dynamic shifting 
to improve the efficiency and reliability of 
the basic Lanczos algorithm. The program 
has been successfully used to solve such 
problems as (1) finding the vibration fre­
quencies and mode-shape vectors of a 
structure and (2) finding the smallest load 
at which a structure will buckle. 

There are several methods for solving 
the large symmetric generalized eigen­
value problem. LANZ offers an alternative 
to the popular subspace iteration approach. 
The program includes a new algorithm for 
solving the tridiagonal matrices that arise 
when using the Lanczos method. Proce­
durally, LANZ starts with the user's initial 
shift, then executes the Lanczos algorithm 
until (1) the desired number of eigenvalues 
are found, (2) no storage space is left, or 
(3) LANZ determines that a new shift is 
needed. When a new shift is needed, the 
program selects it on the basis of ac­
cumulated information. At each iteration, 
LANZ examines the converged and un­
converged eigenvalues along with the in­
ertia counts to ensure that no eigenvalues 
have been missed. 

LANZ is written in FORTRAN 77 and C 
language. It was originally designed to run 
on computers that are like the Cray Y-MP 
in that they support vector processing and 
is therefore optimized for vector comput­
ers. Makefiles are included for the Sun3, 
Sun4, Cray Y-Mp, and CONVEX 220 com­
puters. When implemented on a Sun4 
computer, LANZ required 670K of main 
memory. The program is available on a 
0.25-in. (6.35-mm) streaming magnetic 
cartridge tape in UNIX tar format. LANZ 
was developed in 1989. 

Sun3 and Sun4 are trademarks of Sun 
Microsystems, Inc. Cray Y-MP is a trade­
mark of Cray Research, Inc. CONVEX 220 
is a trademark of Convex Computer Corp. 

This program was written by Mark T. 
Jones of ICASE: Universities Space Re-

search Association and Merrell L. Patrick 
of Duke University for Langley Research 
Center. For further information, Circle 111 
on the TSP Request Card. 
LAR-14506 

Program Analyzes 
Crack·Growth Data 
This program processes 
data from cyclic crack­
growth tests. 

The Crack Growth Rate Data Analysis 
computer program is used for cyclic crack­
growth testing of compact tension speci­
mens. The program facilitates the digitiza­
tion of data on crack-opening displace­
ment vs. load and the reduction of these 
data into data on crack-growth rate vs. 
streSS-intensity excursion. 

Key features of the program include (1) 
the extraction of data on crack-growth 
rates by use of the elastic-compliance 
method and (2) least-squares regression 
analysis of the data to determine constants 
for Collipriest, Paris, and modified Forman 
growth-rate equations. Data may be en­
tered into the program from a keyboard or 
from a magnetic storage medium. Output 
is fed to a printer, plotter, and/or magnetic 
storage medium. The program also ex­
pedites editing of the crack-growth data 
and the combination of multiple data files. 

The Crack Growth Rate Data Analysis 
computer program was developed in 1987 
for use on the Space Shuttle program. The 
program is written in HP BASIC and runs 
on a HP9000 microcomputer. It also uti­
lizes a Hewlett-Packard digitizer and piot­
ter. This program is available only on 5-1/4 
in. (13.3 cm) HP9000 SDF-format diskettes. 
Hewlett-Packard, HP BASIC, and HP9000 
are trademarks of Hewlett- Packard, Inc. 

This program was written by Charles M. 
Demonet and James E. Collipriest of 
Rockwell International Corp. for Johnson 
Space Center. For further information, 
Circle 123 on the TSP Request Card. 
MSC-21643 

Finite·Element Program for 
Analysis of Cracked Bodies 
ZIP3D analyzes elastic, 
plastic, and fracture behavior. 

ZIP3D is an advanced finite-element 
computer program developed for the anal­
ysis of cracks in three-dimensional elastic 
or elastic/plastic bodies. The program cal­
culates mixed-mode fracture-mechanics 
parameters in cracked solids. However, 
bodies without cracks can also be ana­
lyzed to obtain stresses, strains, and dis­
placement fields. 

ZIP3D uses eight-node isoparametric ele­
ments and small-strain deformation theory. 
A special reduced-shear integration scheme 
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is provided for bending-dominant prob­
lems. The elastic/plastic analysis is based 
on the incremental plasticity theory using 
the von Mises' yield criterion , isotropic 
hardening, and Drucker's flow rule. The 
initial-stress algorithm is used in this an­
alysis. Three types of material stress/strain 
curves can be modeled: elastic/perfectly 
plastic, Ramberg-Dsgood, and multilinear 
representations. 

Some unique features of ZIP3D are: (1) 
the computation of mixed-mode strain-en­
ergy-release rates for elastic solids using 
a three-dimensional vi rtual-crack-closure 
technique, (2) the calculation of the J-in­
tegral for elastic and elastic/plastic ma­
terials by use of the equivalent-domain­
integral method, (3) the capability to extend 
the crack under monotonic or cyclic load­
ing, and (4) the capability to close or open 
the crack faces during cyclic loading. 

ZIP3D is written in FORTRAN V for batch 
or interactive execution on the CRAY-2, 
CRAY X-MP and CRAY Y-MP series com­
puters running a UNICOS operating sys­
tem. AnalysiS of large models can requi re 
as much as 16M words of memory. ZIP3D 
is distributed on a 5.25-in. (13.34-cm) 360K 
MS-DOS format diskette in PKZIP format 
with the PKUNZIP program. A personal 
computer is required to extract the files 
before moving the program to the CRAY 
computer. ZIP3D was developed in 1990. 

CRAY-2, CRAY X-MP and CRAY Y-MP 

are trademarks of Cray Research, Inc. 
UNICOS is a registered trademark of Cray 
Research, Inc. PKZIP and PKUNZIP are 
trademarks of PKWARE, Inc. 

This program was written by James C. 
Newman, Jr., of Langley Research Cen­
ter and Kunigal N. Shivakumar of Analyti­
cal Services and Materials, Inc. For fur­
ther information, Circle 97 on the TSP 
Request Card. 
LAR-14611 

HOLEGAGE 1.0-
Strain·Gauge Drilling 
Analysis Program 

Interior stresses are inferred 
from changes in surface 
strains as a hole is drilled. 

There is no Simple and perfect way to 
measure residual stresses in metal parts 
that have been welded or deformed to 
make such complex structures as pres­
sure vessels and aircraft, yet these locked­
in stresses can contribute to structural 
failure by fatigue and fracture. One proven 
and tested technique for determining the 
internal stress of a metal part involves drill­
ing a test hole while measuring the relieved 
strains around the hole, as in the hole­
drill ing strain-gauge method described in 
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ASTM E 837. The program HOLEGAGE 
processes strainijauge data and provides 
additional calculations of variations of in­
ternal stresses that are not provided by 
standard E 837 methods of analysis. 

In the typical application of the tech­
nique, one uses a threeiJauge rosette with 
a special hole-drilling fixture for drilling a 
hole through the center of the rosette to 
produce a hole with very small eccentricity 
error in the gauge pattern. Another device 
is used to control the drilling and halt the 
drill at controlled depth steps. At each step, 
strains from all three strain gauges are 
recorded. 

The influence coefficients used by 
HOLEGAGE to compute stresses from re­
lieved hole strains were developed by pub­
lished finite-element-method studies of 
thick plates with holes of various sizes and 
depths. The program uses a parabolic fit 
and an interpolating scheme, as recom­
mended in the reference, to project the 
coefficients to holes of other sizes and 
depths. In addition, other published ex­
perimental data are used to extend the 
coefficients to relatively thin plates. These 
influence coefficients are used to compute 
the stresses in the original part from the 
strain data. 

HOLEGAGE computes interior planar 
stresses by use of strain data from each 
drilled-hole depth layer. Planar stresses 
can be computed in any or all of three 
ways, including (1) a least-squares fit for 
a linear variation with depth, (2) an integral 
method to give incremental stress data for 
each layer, and/or (3) a linear fit to the inte­
gral data (with some surface data points 
omitted) to estimate the surface stresses 
that existed before the sanding done in 
preparation for the installation of the strain 
gauges introduced additional residual stres­
ses. Options are included for estimating 
the effect of eccentricity of the hole on cal­
culations, smoothing noise from the strain 
data, and putting the data into the program 
either interactively or from a data file. 

HOLEGAGE was written in FORTRAN 
77 for DEC VAX computers under VMS 
and is transportable except for system­
unique TIME and DATE system calls. The 
program requires 54K of main memory 
and was developed in 1990. The program 
is available on a 9-track 1,600-bpi (630 
b/cm) VfV< backup-format magnetic tape 
(standard medium) or a TK50 tape car­
tridge. The documentation is included on 
the tape. 

DEC VfV< and VMS are trademarks of 
Digital Equipment Corp. 

This program was written by Roy W. 
Hampton of Ames Research Center. For 
further information, Circle 2 on the TSP Re­
quest Card. 
ARC-12807 

G Mathematics and 
~ InlOrmaUon SCiences 

Programs Handle 
PostScript Files 
Four programs interpret 
and format files in the 
PostScript language. 

PSTOOLS is a package of four computer 
programs that operate on files written in 
the page-description language, FbstScript. 
The programs include a FbstScript pre­
viewer for the IRIS workstation, a FbstScript 
driver for the Matrix OCRZ film recorder, 
a FbstScript driver for the Tektronix 46930 
printer, and a FbstScript code beautifier 
that formats FbstScript files to be more 
legible. 

The three programs PSIRIS, PSMATRIX, 
and PSTEK are similar in that they all in­
terpret the FbstScript language and send 
out the graphical results to a device. They 
share common code, which is included as 
a library of routines. PSPRETIY formats 
a FbstScript file by appropriately indenting 
procedures and code delimited by "saves" 
and "restores." PSTOOLS does not use 
Adobe fonts. 

PSTOOLS is written in C language for im­
plementation on SGIIRIS 4D-series work­
stations running IRIX 3.2 or later. A README 
file and UNIX manual pages provide infor­
mation regarding the installation and use 
of the PSTOOLS programs. A six-page man­
ual that provides slightly more detailed in­
formation may be purchased separately. 
The package of programs is available on 
a 0.25-in. (6.35-mm) streaming-tape cartridge 
in UNIX tar format. PSIRIS (the largest pro­
gram) requires 800K of main memory. 
PSMATRIX requires the general-purpose 
interface bus (gpib) circuit board (lEE 488) 
and the "Iibgpib.a" library of software, 
which is available from Silicon Graphics, 
Inc. The programs with graphical inter­
faces require that the IRIS have at least 
24 bit planes. This package was developed 
in 1990 and updated in 1991 . 

SGI, IRIS 40, and IRIX are trademarks 
of Silicon Graphics, Inc. Matrix OCRZ is 
a registered trademark of the AGFA Group. 
Tektronix 46930 is a trademark of Tek­
tronix, Inc. Adobe is a trademark of Adobe 
Systems Inc. FbstScript is a registered 
trademark of Adobe Systems Inc. UNIX is 
a registered trademark of AT&T. 

This program was written by Diana Choi 
and David Yip of Ames Research Center. 
For further information, Circle 3 on the 
TSP Request Card. 
ARC-12839 
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Tool Changer for Robot 
A mechanism stores a tool and helps a 
robot extract it. . 
Goddard Space Flight Center, 
Greenbelt, Maryland 

A mechanism enables a robot to change tools on the end 
of its arm. The mechanism is actuated by the motion of the 
robot: it requires no additional electrical or pneumatic en­
ergy to make or break the connection between the tool and 
the wrist at the end of the arm. 

Tool 

Wedge 

o,."cenl"~- - ~No'ch 
Spring I 

Actuation 
Boss ~ 

DETAil OF NOTCHED WHEEL 

Ram~ 

The Arms of the Holster Engage Slots on the sides of the tool 
interface plate when a tool is stored. The robot arm engages the 
notched tongue on the wrist interface plate with a recess in the tool 
interface plate to remove a tool for use . Wheels inside the tool 
interface plate secure the tongue in the recess while the tool is in use. 
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The mechanism includes three basic 
subassemblies (see figure): a wrist inter­
face plate attached to the robot arm at the 
wrist, a tool interface plate attached to the 
tool , and a holster. A separate tool inter­
face plate and holster are provided for 
each tool the robot uses. When a tool is 
not in use, it rests in its holster, held 
securely in place by a pair of spring-loaded 
detent plungers. 

When the robot needs a tool, it places 
its toolless wrist and wrist interface plate 
over the holster, so that a notched tongue 
is directly above a chamfered recess in the 
tool interface plate and rounded locking 
pins are directly over holes in detent ears. 
The robot then lowers the tongue into the 
recess. The chamfered edges on both the 
recess and the tongue guide the wrist in­
terface plate into the tool interface plate. 
The rounded locking pins push the spring­
loaded detent plungers down into the hol­
ster so that the detent ears are released. 
At the same time, electrical connectors on 
the two interface plates mate, and the 
tongue slides through aligned notches in 

notched wheels within the tool interface 
plate (view A-A). 

The robot can then slide the tool off the 
holster. As the robot does so, actuation 
bosses on the notched wheels are forced 
against locking tabs on the claws in the 
holster. This rotates the notched wheels, 
causing the solid portions of the wheels 
to enter the notches in the tongue. Over­
center springs continue to rotate the 
wheels as the tool interface plate is slid 
from the holster until wedges on the 
wheels are firmly driven into the notches 
in the tongue. Thereafter, the springs con­
tinue to exert force on the wedges. The 
wheels thus hold the tongue securely 
while the tool is being used. 

If either wheel cannot be rotated into 
a tongue notch - perhaps because of 
misalignment - a claw restrains the af­
fected actuation boss. This prevents the 
tool from being' removed unless it is safe­
ly attached to the robot. 

When the robot puts the tool back into 
the holster after using it, the procedure is 
reversed. The robot slides the tool onto the 

Passive Accelerometer 
Motion of a ball in a liquid would indicate acceleration. 

Marshall Space Flight Center, Alabama 
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arms of the holster. As it does so, a pair 
of ramps on the forward undersurface of 
the detent ears compresses the detent 
plunger and its springs. The hooks of the 
claws make contact with the actuation 
bosses and rotate the notched wheels in 
the direction opposite that of the tool­
removal phase; the notches in the wheels 
are thereby realigned, and the tongue can 
be moved up and away from the tool in­
terface plate. As the tongue moves away, 
the detent plungers reenter the detent ear­
holes. The tool interface plate and its tool 
are once again locked in the holster. 

This work was done by George M. 
Voellmer of Goddard Space Flight Cen· 
ter. For further information, Circle 152 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, Goddard Space Flight Center 
[see page 18]. Refer to GSC-13239. 

The passive accelerometer has been 
proposed to measure quasi-steady space­
craft accelerations of the order of 10-6 x 
normal Earth gravitation, possibly in the 
presence of vibrations and other distur­
bances of greater amplitude and frequen­
cy. The passive accelerometer (see figure) 
would consist of a transparent graduated 
tube about 2 cm in diameter and 10 cm 
long, with hemispherical end caps, con-
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taining a steel ball about 0.4 cm in diame­
ter, and filled (except for a small bubble) 
with water or other liquid of known viscosi­
ty. Modified versions, possibly containing 
different liquids or balls of different ma­
terials, might find use on Earth in meas­
urements of small tilts or horizontal ac­
celerations or as educational laboratory 
devices. 

This accelerometer is called "passive" 
because it would put out no signal and 
would have to be aligned and observed by 
a technician. The tube would be attached 
to the accelerating vehicle or object by 
a universal joint, which would also be 
used to align the tube along the accelera­
tion. To perform alignment, the technician 
would adjust the orientation until the ball 
and bubble reached their equilibrium posi-

tions at the apices of the opposing hemi­
spherical end caps. Then the technician 
would pull the ball to the bubble end by 
use of a magnet. Next, the magnet would 
be removed, allowing the ball to fall back 
to its equilibrium position. 

The technician would measure the time 
of release and the times when the ball 
passed the fiducial marks on the tube. 
From these times and the known dis­
tances between the marks, one can com­
pute the velocity of the ball. Then by use 
of the Stokes equation for a rigid sphere 
falling through a viscous liquid, one can 
use the velocity and the known viscosity 
of the liquid to compute the component 
of acceleration along the tube. 

Despite its simplicity and low cost, the 
passive accelerometer is expected to pro-

vide accurate measurements of small 
quasi-steady accelerations. As an addi­
tional advantage, the passive accelerom­
eter would automatically integrate out the 
unwanted higher-frequency components 
of acceleration because the integration 
time would be the observation interval, 
which would typically be of the order of 
minutes to tens of minutes. 

This work was done by Robert J. 
Naumann, Charles Baugher, and Iwan 
Alexander of Marshall Space Flight Cen· 
ter. For further information, Circle 18 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-28546. 

Panel-Method Computer Code for Potential Flow 
Low-order panel method is used to reduce computation time. 

Ames Research Center, Moffett Field, California 
The panel code PMARC (Panel Method 

Ames Research Center) can numerically 
simulate the flow field around or through 
complex three-dimensional bodies such as 
complete aircraft models or a wind tun­
nel. PMARC is based on potential-flow 
theory. The code is written in standard For-
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tran 77, with the exception of the namelist 
extension used for input. The structure of 
PMARC facilitates the addition of new 
features to the code and the tailoring of 
the code to specific problems and 
computer-hardware constraints. 

body over which the flow field is to be com­
puted is represented by a set of panels. 
Singularities are distributed on the panels 
to perturb the flow field around the body 
surfaces. PMARC uses source and doublet 
singularities distributed uniformly over 
each panel. Since the singularity strength In a panel method, the surface of the 
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is constant on each panel, the method is 
labeled a low-order panel method. Higher 
order panel methods allow the singularity 
strength to vary linearly or quadratically 
across each panel. Experience has shown 
that low-order panel methods can provide 
nearly the same accuracy as higher-order 
methods over a wide range of cases with 
significantly reduced computation times; 
hence, the low-order formulation was adopt­
ed for PMARC. 

To avoid unnecessary duplication of pre­
vious work, existing software was utilized 
whenever possible to reduce the develop­
ment time of PMARC. The basic potential­
flow computational methods and tech­
niques were patterned after the 1,OOOpanei 
version of VSAERO (developed by Analyti­
cal Methods Inc.), which is currently avail­
able through COSMIC. 

The management of the data within the 
PMARC code is highly optimized. All of the 
arrays within the code are adjustable ar­
rays; thus, the size of the code (Le., the 
number of panels that it can handle) can 

be changed very quickly. This allows 
PMARC to be sized to run on anything from 
a personal computer like a Macintosh to 
a supercomputer like the Cray Y-MP. The 
output and plot files from PMARC have 
been organized to maximize the amount 
of information they contain while minimiz­
ing their size. A geometry preprocessor 
and a geometry/aerodynamic data post­
processor have been written for creating 
and inspecting geometry paneling and for 
analyzing the results of PMARC. 

The present version of PMARC includes 
several advanced features. The first is an 
internal-flow-modeling capability, which 
allows the analysis of closed ducts, wind 
tunnels, and similar internal-flow problems. 
The second is a simple jet model, which 
allows the modeling of the gross effects 
of a jet in crossflow. The third is a time­
stepping wake model, which gives PMARC 
the ability to model both steady and un­
steady flow problems. 

In a test case, PMARC was used to 
compute the flow field in a wind tunnel 

consisting of a contraction, a test section, 
and a diffuser. The tunnel was modeled 
using more than 5,000 panels (upper part 
of figure). The pressure coefficients on the 
tunnel walls were computed by PMARC 
and then plotted as a function of position 
along the longitudinal axis. The results 
agree well with experimental data, as 
shown in the lower part of the figure. 

This work was done by Dale L. Ashby 
and Michael R. Dudley of Ames Research 
Center and Steven K. Iguchi of Sterling 
Federal Systems. The PMARC computer 
code is currently available through 
COSMIC. Further information may be 
found in NASA TM-101024 [N89-12554], 
"Development and Validation of an Ad­
vanced ww-Order Panel Method." 

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-12385 

~~ Latches for Equipment Drawers 
A mechanism makes rack hardware interchangeable, regardless of drawer height. 

Lyndon B. Johnson Space Center, Houston, Texas 

A pair of panel-handle latches provides 
quick connection and disconnection of an 
equipment drawer in a rack. The latches en­
able the interchange of drawers of different 
heights without alteration of the fittings on 
the front of the rack. They provide load­
carrying capacity in three orthogonal di­
rections, press the front panel of the draw­
er flush against the rack, and establish 
electrical grounding paths between the 
panel and the rack. 

A rotating latch is built into each of the 
two handles on the front panel of a drawer. 
When a user pushes the drawer into a 
rack, a hook on a pivoting lever on each 
latch becomes positioned over a pin in an 
adjustable striker assembly (see figure). At 
the same time, a shear pin at the top of 
the handle engages a mounting bracket 
on a slide guide in the rack. The user ro­
tates the lever so that the hook engages 
the striker pin and pulls the front panel of 
the drawer flush with the front surface of 
the front post of the rack. The user con­
tinues to rotate the lever into the handle 
frame, where it is latched and closed by 
a spring-loaded retairler in the handle. The 
user then secures the drawer by rotating 
a lock into its closed position. 

To remove the drawer, the user rotates 
the lock into its open poSition, presses the 
locking retainer down, and rotates the 
pivoting lever downward until its cam hits 
the striker assembly. Additional downward 
force on the lever causes the cam to pry 
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The Pivoting Lever is the heart of the latching mechanism. At insertion, the lever is 
rotated slightly counterclockwise so that its bottom hook can slip over the pin; it is 
then rotated clockwise to engage the pin and the lever lock. Rotation of the lever to 
the full counterclockwise position disengages the panel from the rack. 

the drawer loose from the rack and from should be low and reliability high. 
any mating mechanical and electrical This work was done by T. C. Martin 
connectors. of General Electric Co. for Johnson 

The latch requires little or no mainten- Space Center. For further information, 
ance. All parts that rotate are equipped Circle 53 on the TSP Request Card. 
with bushings on fixed pins, so that wear MSC-21756 
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Improved Stacking of Vent Lines of a Parachute 
Adverse concentrations of loads in the vent band would be reduced. 

Marshall Space Flight Center, Alabama 

A proposed new way of stacking the 
vent lines of a parachute would reduce 
adverse concentrations of loads in the vent 
band. The new stacking arrangement 
would replace the previous arrangement, 
in which adverse concentrations of loads 
occurred at the points of the vent band 
where the first and last vent lines are ad­
jacent. The new arrangement would pro­
vide a more nearly uniform distribution of 
load among the vent lines and the points 
of attachment of vent lines to the vent 
band. 

In the old method, vent lines are stacked 
in a clockwise or counterclockwise se­
quence (see figure). The resulting stack is 
quite high, and the first and last lines are 
separated by the full height of the stack 
even though in a plan view they appear 
adjacent to each other. The angle between 
them (as measured in a meridional plane) 
at the vent band gives rise to a high con­
centration of crosswise tension (tending to 
twist the band at that point). 

In the new method, the first line would 
be placed across the vent, and the second 
line would be placed on the first and ad-
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jacent to it (see figure). The third vent line 
would be placed on the second, but adja­
cent to the first on the side opposite that 

of the second. The fourth line would be 
placed on the third, but adjacent to the 
second. The fifth line would be placed ad-

CALL FOR PAPERS 

T E CHNOLOGY 

2002 
December 1-3, 1992 

Baltimore, MD 
Convention Center 

Technology 2002, the third national tech­
nology transfer conference and exposition, 
offers a unique forum to present new inven­
tions and innovations to America's top tech­
nology managers. Over 5000 research di­
rectors, senior design engineers, and tech­
nology acquisition managers from industry 
and government will attend the three-day 
event to discover technology advances 
they can use in developing new or im­
proved products and processes. 

Who Shou'd Present Pape rs 
Researchers from federal agencies/labo­
ratories and their contractors who have 
produced important new technologies that 
are available for commercial use. 

NASA Tech Briefs. A ril 1992 

Paper Categories 
Papers should describe innovations devel­
oped by/for/with a government agency in 
one of the following categories: 

• Advanced Manufacturing 
• Biotechnology/Medical Technology 
• Computer Technology 
• Electronics 
• Energy/Environmental Technology 
• Materials Science 

Dead'ine For Submissions 
Paper abstracts must be submitted to the 
Program Chairman no later than May 1, 
1992. They should be 1 0 1-1/2 pages long 
and should describe the technology's im­
portance and commercial potential (see 
abstract format at right) . Abstracts submit­
ted by government contractors should in­
clude the name of the agency/laboratory 
for which the work was done and the con­
tract number. All submittors will be notified 
by June 30, 1992. Mail or fax abstracts to: 

Leonard A. Ault 
Program Chairman, 
Technology 2002 
Code CU 
NASA Headquarters 
600 Independence Avenue, SW 
Washington , DC 20546 
(FAX 703-557-8186) 

Questions? 
Call Leonard Ault at (703) 557-5598. For 
information on attending or exhibiting at 
Technology 2002, contact Justina Cardillo 
at (800) 944-NASA. 

Technology 2002 is sponsored by NASA, 
NASA Tech Briefs magazine, and the Tech­
nology Utilization Foundation. 

Please follow this format: 

Name: 
PositionlTitle: 
Affiliation: 
Address: 

Technology 2002 
Paper Abstract 

Phone Number: 
Fax Number: 
GoV!. Agency/Lab The Subject Technology Was 

Developed By/For: 
(if conlractor-developed. please Include conlract N) 
Category: 
Paper Title: 
Description: 

75 



jacent to the third, and so forth, one on 
the other, even-numbered lines on one side 
of the first line, odd-numbered lines on the 
other side, until the last vent line is in place. 
The angle between any two adjacent vent 
lines at the vent band would be small , and 
the separation between them at the center 
of the vent would be equal to the thickness 
of only one vent line. 

The new method wOL1ld eliminate the 
large stack height between the first and 
last lines and, just as important, maintain 
a constant stack height between any two 
adjacent vent lines around the entire vent. 
This would distribute the loads at the vent 
band more nearly evenly among the lines. 

This work was done by John E. Hengel 
of Marshall Space Flight Center. For fur-

Computer Code for Propulsive Flow 

ther information, Circle 29 on the TSP Re­
quest Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Marshall 
Space Flight Center [see page 18]. Refer 
to MFS-28508. 

Chemical reactions, turbulence, and effects of walls are represented. 

Marshall Space Flight Center, Alabama 
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The Finite Difference Navier-Stokes 
(FDNS) computer code has been enhanced 
for use in recent studies of propulsive flows 
in and near rocket nozzles. As a result, 
FDNS is now applicable to complicated 
geometries and chemically reacting flows 
that may include turbulence and thermal 
interactions with walls. In FDNS, the solu­
tions of the equations for the subsonic, 
supersonic, and boundary-layer regions of 
the flow field are combined into a single 
reliable, accurate (see figure) software tool 
of computational fluid dynamics. 

The current, advanced version of FDNS 
can be used to solve the two-dimensional 
planar, two-dimensional axisymmetric, or 
three-dimensional Navier-Stokes equations 
of flow along with the associated equa­
tions for generation, consumption, and 
transport of heat and of chemical species. 
These are nonlinear, coupled differential 
equations that are formulated as transport 
equations in the primitive variables. The 
exact differential equations are approx­
imated by finite-difference equations on 
a computational grid based on general 
curvilinear coordinates. 

The finit&difference equations are solved 
numerically. A second-order central-differ­
enCing scheme and fourth-order dissipa­
tion terms are used to model convection. 
Second-order central-<:lifferencing schemes 
are used to model viscosity and the source 
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terms in the differential equations. A first­
order upwind scheme is used for all equa­
tions for the transport of scalar quantities, 
including the equations of a mathematical 
model of turbulence. 

A time-centered Crank-Nicholson time­
marching scheme is used for the temporal 
discretization in time-accurate solutions. 
For steady-state solutions, an implicit Euler 
time-marching scheme is recommended. 
The selection of the time-marching scheme 
can be controlled via input data. Whether 
the flow is compressible or incompressi­
ble and whether it is laminar or turbulent , 
3. pressure-based predictor!multicorrec-

tor procedure is used to ensure coupling 
between the pressure and velocity fields 
and to obtain a solution with a divergence­
free flow field at the end of each time­
marching step. 

FDNS includes the two-equation stand­
ard and extended k-t mathematical models 
of turbulence with standard wall-function 
boundary conditions. The applicable turbu­
lence models can be selected via input 
data. With regard to chemistry, FDNS can 
treat an ideal gas, a real gas, a mixture 
of gases at chemical equilibrium, and a 
mixture of gases reacting chemically at a 
finite rate. The mathematical models of 

chemistry in FDNS include an equilibrium 
HJ 02 system with an equilibrium-con­
stant method and an efficient finite-rate 
chemistry meth:xl with reaction-rate infor­
mation controlled via input data. 

This work was done by Y. S. Chen, R. 
S. Farmer, and J. A. Freeman of SECA, 
Inc., for Marshall Space Flight Center. 
For further information, Circle 48 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-26125. 

Axial-Loading Circumferential Dovetail Turbine-Blade Mount 
Blades are less likely to be shaken loose during operation. 

Marshall Space Flight Center, Alabama 
length limited the load-carrying capacity 
of the dovetail joint. The new loading con­
figuration allows circumferentially longer 
and, therefore, stronger dovetail joints. 

A new circumferential dovetail config­
uration for mounting blades in the rotor 
disk of a turbomachine provides for the in­
sertion of the blades in an axial direction. 
Previously, blades were inserted into a 

typical dovetail slot in the radial direction 
through slots in the edge of the disk. The 
slot geometry limited the circumferential 
length of each dovetail joint to half the cir­
cumferential blade pitch; this small dovetail 

The Retaining Ring holds the base of each blade in the circumferential dovetail slot. 
The blades are first inserted axially via loading slots into the circumferential dove­
tail slot. The ring is then placed over the loading slots and fastened with a split ring 
held by an arm of the disk. Previously, blades were inserted radially into loading slots, 
moved circumferentially into locking slots, then fastened with setscrews. 

With the new configuration, the base of 
a blade is inserted into a dovetail slot 
through an axial channel at the periphery 
of the disk (see figure). When all blades 
have been loaded, a retaining ring is 
placed on the disk so that it secures all 
blades in their slots. Protuberances on the 
ring are shaped to dovetail with recesses 
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on the side of the base of the blade that 
faces the ring. The ring is held radially by 
a disk rabbet and axially by a split ring that 
is, in turn, held by an arm of the disk. The 
retaining ring holds the blades without 
setscrews, which are used in the radial-

loading configuration and which are prone 
to loosening in operation. 

This work was done by Martin J. Pierce, 
Steven D. Ward, and Ronald R. Eskridge 
of General Electric Co. for Marshall 
Space Flight Center. For further informa-

Torque, Tension, and Friction in Bolts 
Tension at a given torque depends strongly on friction . 

Lyndon B. Johnson Space Center, Houston, Texas 
Improved equations predict fairly accur­

ately the relationships among the tension 
in a bolt, the torque applied to the bolt dur­
ing installation, the effective coefficient of 

friction , and the number of times the bolt 
has been installed. The equations were de­
rived from a study of experimental data 
and include parameters that must be de-
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tion, Circle 11 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-28S44. 

termined empirically for each type of bolt 
and nut in a given application. Once these 
parameters are determined, the improved 
equations can be used to design bolted 
jOints in which the bolts are torqued closer 
to their yield points than they are in cur­
rent design practice, which requires large 
safety margins because it is based on less­
accurate equations. Thus, in bolted joints 
designed according to the new equations, 
one could use fewer and/or smaller bolts 
to carry the sam!? loads, thereby reduc­
ing weights. 

The fi rst equation is 
P = _ a _ T[b(p.d)-O.096] 

(p.d)03 

where P is the axial load in the stem of 
the bolt, T is the torque applied to the bolt, 
d is the maximum pitch diameter specified 
for the class to which the bolt belongs, p. 
is the effective coefficient of friction , and 
a and b are constants. Although p. is gen­
erally not known in advance and appears 
only implicitly in the equation, it can be 
obtained by rearranging the equation into 
a form in which it can be filted to experi­
mental P-vs.-T data by Newton's method 
of successive approximations. 

The effective coefficient of friction has 
been found to increase with each cycle 
of installation and removal, on account of 
wear and degradation of lubricant. This 
means that a given applied torque pro­
duces less axial load on subsequent in­
stallation of the same bolt with the same 
nut because more of the torque is expend­
ed in overcoming friction (see figure); con-

EXPERIMENTAL DATA 

3,500 • First Installatio~ 
A Second Installation 

3,000 T Third Installation 

:e 2,500 
-0 
'" .3 2,000 1-11 = 0.25 

OJ 
'x 
« 1,500 

1,000 

50 100 150 200 
Torque, Ib·in. 

The Axial Load on a Bolt and the torque 
applied to the bolt were measured in three 
installation/removal cycles. The dashed 
lines represent fits of the first equation 
to the experimental data, using the In· 
dicated coefficients of friction. 
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versely, one must apply greater torque to 
obtain the same axial load as before. The 
effect can be approximated by 

I-'N = 1-'0(1 + tJ.)N 

where I-'N = the effective coefficient of 
friction after the Nth installation, P-o = the 
coefficient of friction before the fi rst in­
stallation, and tJ. is a constant that is typi­
cally of the order of I", 

This work was done by Julian Morawski 
of Rockwell International Corp. for John­
son Space Center. For further informa­
tion, Circle 23 on the TSP Request Card. 
MSC-21786 

Expandable Compartmental Storage 
Readily-accessible, removable compartments hold large and small articles. 
Lyndon B. Johnson Space Center, Houston, Texas 

A storage cabinet is equipped with racks 
that hold articles in net compartments. The 
elastic net expands and contracts to ac· 
commodate articles of various sizes and 
quantities. The stored articles are clearly 
visible and accessible. They can be loaded 
in the rack quickly and can be easily moved 
as a group to another location. 

The cabinet is 41.5 in. (105.4 cm) wide, 
40 in. (101.6cm)deep, and 8Oin. (203.2 cm) 
tall. It contains four forward doors, color· 
coded so that their contents can be identi· 
fied before the doors are opened. Each 
door is opened by pulling a recessed 
handle at its top and pivots forward and 
downward 90° (see figure). The doors can 
be removed by unlatching the pivot mech· 
anisms at their bases. 

Each door contains four net storage com· 
partments. Each compartment is covered 
by a smaller door that consists of two 
overlapping nets on a frame. Each such 
compartment door can be swung open to 
load or unload bulky articles. Small articles 
can be inserted or removed by reaching a 
hand between the overlapping nets. 

The cabinet also contains a pair of rear 
doors that can be reached by tilting the en· 
tire rack forward 90°. These doors can be 
unlatched and pivoted to expose two large 
rear storage compartments. Again, net 
frames on the rear compartments can be 
opened to insert or remove large articles, 

Books and Reports 
These reports, 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. 

Study of Disturbances 
in Rotating Plane 
Poisseuille Flow 
Instability and transition 
to turbulence are simu­
lated numerically. 

A report describes a computer-simula­
tion study of instability and transition to tur­
bulence in plane Poisseuille flow in a ro­
tating channel. More specifically, the flow 
is along a channel of rectangular cross 
section that is much wider in one dimen­
sion (called the "spanwise" dimension) 
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or a hand can be extended between over- al articles, for example. Uke the forward 
lapping nets to reach small articles. doors, the rear doors can be removed. 

A special feature of the rear doors is This work was done by Elray P. Thomas 
their lining. They are covered on the inside of Johnson Engineering Corp. for Johnson 
with elastic pockets in various sizes. The Space Center. For further information, 
pockets are convenient for storing small Circle 70n the TSP Request Card. 
items - tools, charts, and various person- MSC-21339 

than in the other dimension (called the 
" normal " dimension) and is initially 
laminar with small random disturbances. 
The initial flow is then perturbed by sud­
denly making the channel rotate about the 
spanwise centerline. 

The resulting motions of the fluid are 
governed by the Navier-Stokes equations 
of incompressible flow, using periodic 
boundary conditions in the streamwise 
(along the channel) and spanwise direc­
tions. The principal parameters that affect 
the flow are the Reynolds and rotation 
numbers (the rotation number is defined 
as ·the frequency of rotation multiplied 
by half the width of the channel in the 
normal dimension divided by the mass­
averaged mean velocity. Four different 
combinations of these parameters, select­
ed to match those of a series of experi­
ments reported in 1989, are used in the 
Navier- Stokes equations. 

The equations are solved numerically 
in a computational domain of sufficient 
streamwise length and spanwise width to 
contain the vortices that evolve from the 
initial small disturbances. This domain 
allows the solution algorithm to make a 
relatively unbiased selection of the domi­
nant spanwise wavelength of the stream­
wise vortices and of the streamwise wave­
lengths of the dominant secondary modes 
that develop subsequently in the presence 
of the streamwise vortices. The computa­
tion is continued until the simulated flow 
attains a statistically steady state. 

The evolutions of the vortices for the 
four different combinations of parameters 
are studied in detail. In all cases examined, 
two-dimensional streamwise vortices with 
spanwise wave numbers consistent with 
the linear (small-disturbance) theory de­
velop in the linear (early) stage. Then span­
wise wave selection takes place, leading 
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to a dominant spanwise wave number. In 
the statistically stationary (late) stage, de­
pending upon the Reynolds and rotation 
numbers, three different cases are 0b­
served: wavy modes with streamwise ~ 
lengths an order of magnitude longer than 
spanwise wavelengths, twisting modes 
with short streamwise wavelengths com­
parable to the spanwise wavelengths, and 
the simultaneous presence of both modes. 
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It is also shown that these modes are non­
dispersive traveling waves. These results 
agree well with those of the experiments. 

This IMJrk was done by John Kim of 
Ames Research Center and Kyung-Soo 
Yang of Stanford University. To obtain a 
copy of the report, "Numerical investiga­
tion of instability and transition in rotating 
plane Poisseuille flow," Circle 25 on the 
TSP Request Card. 
ARC-12862 

Quasi-Coherent 
Structures in Turbulent 
Boundary Layers 
Results from experiments 
and numerical simulations 
are reviewed. 

A two-part report reviews knowledge of 
coherent structures in the turbulent bound­
ary layers, including both confirming and 
new results. Part I of the report describes 
the processes and status of a cooperative 
project to summarize existing data from 
many workers in the international com­
munity that conducts research on bound­
ary-layer turbulence. Part II presents some 
results of a study of a numerically simu­
lated flat-plate canonical turbulent bound­
ary layer. It also discusses the advantages 
and disadvantages of using turbulence­
simulation data bases in studies of quasi­
coherent structures. 

Part I lists four distinctions that one 
must make to clarify the nature of the var­
ious experimental results and observa­
tions; for example, the need to distinguish 
between reliable experimental data and in­
ferences or hypotheses that go beyond the 
data. It then describes the eight known 
classes of quasi-coherent boundary-layer 
structures and summarizes some of the 
knowledge about each class. These class­
es are (1) low-speed streaks near a wall , 
(2) ejections of low-speed fluid outward 
from the wall, (3) sweeps of high-speed 
fluid inward toward the wall , (4) vortical 
structures of several proposed forms, (5) 
strong internal shear layers near the wall, 
(6) near-wall " pockets" (seen as regions 
swept clean of marked fluids in experi­
ments), (7) large-scale discontinuities in 
streamwise velocity, and (8) large-scale 
motions capped by bulges in the interface 
between the turbulent boundary layer and 
the outer potential flow. 

In discussing the eight types of quasi­
coherent structures and what is known in 
the community as the "inner/outer con­
troversy" (current uncertainties in estab­
lishing causal connections between phe­
nomena observed in inner and outer fluid 
layers), the report notes three difficulties 
that reduce the information available from 
the experimental data. These are (1) the 
necessity to take ensemble averages of 
probe outputs, with consequent losses of 

phase information, (2) the inability to see 
more than one or two of the various types 
of structures simultaneously, and (3) the 
resulting inability to see the spatial rela­
tions between the various quasi-coherent 
structures. Nevertheless, the following con­
clusions can be drawn: (1) The inner layers 
are capable of maintaining turbulent flow 
without any fluctuations from the outer lay­
ers. (2) The level of fluctuations and the 
production of turbulence in the inner layers 
can be significantly affected by fluctua­
tions in the outer layers of the boundary 
layer or by disturbances in the free stream. 
(3) In the canonical flat-plate layer, roughly 
70 percent or more of the turbulence pro­
duced in the inner layers maintains itself; 
that is, this turbulence is apparently trig­
gered by events that occur within the in­
ner layer. (4) The inner and outer layers in­
teract, but only weakly. 

Part II describes the continUing investi­
gation of the quasi-coherent structures in 
a numerically simulated boundary layer, 
which has produced the following prelim­
inary results: (1) All eight known classes 
of boundary-layer structures have been 
identified in the simulated boundary layer. 
(2) High-speed regions in the sublayer are 
less elongated than are the low-speed re­
gions. (3) LDw-pressure regions tend to be 
elongated, and this phenomenon could be 
used to detect instantaneous vortex cores. 
(4) Archlike vortical structures of a broad 
range of sizes are common in the bound­
ary layer, while quasi-streamwise vortexes 
with significant streamwise extent are rela­
tively rare. (5) High-pressure regions are 
spheroidal and often occur just upstream 
and below the heads of vortical arches. 
(6) There is a strong instantaneous spatial 
association between vortical structures 
and both ejections and sweeps. (7) Both 
ejections and sweeps occur along quasi­
streamwise vortexes, but ejections are 
most common in frozen computational 
fields just upstream and behind vortical 
arches. Sweeps occur most often on the 
outboard sides of the " necks" of vortical 
arches. (8) Some near-wall shear layers 
have been observed to roll up into trans­
verse vortexes, which are in turn associ­
ated with significant local contributions to 
Reynolds shear stresses through ejection 
motions. (9) " Backs" of outer-region, large­
scale motions have been identified in the 
simulation data. In at least some cases, 
the backs are interfaces between low­
speed fluid trailing a solitary large-scale 
vortical structure and the following high­
speed fluid. 

This IMJrk was done by S. K. Robinson 
of Langley Research Center, S. J. Kline of 
Stanford University and P R. Spa/art of 
Boeing Co. for Ames Research Center. 

. To obtain copies of the reports, "Quasi-Go-
herent Structures in the Turbulent Bound­
ary Layer," Circle 16 on the TSP Request 
Card. ARC-12629 
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81 Recursive Algorithms for Dynamics of Geared Robots 

Recursive Algorithms for Dynamics 
of Geared Robots 
Inertias of motors and gears are taken into account. 

NASA's Jet Propulsion Laboratory, Pasadena, California 
Improved recursive algorithms compute 

the dynamics of a robotic manipulator 
driven through gears by motors located 
away from the jOints. These algorithms are 
intended to replace prior algorithms that 
implement direct-drive mathematical 
models, in which drive motors are con­
sidered to be located at the joints and to 
behave as ideal actuators. 

The direct-drive models are inadequate 
to address the more-complicated dynam­
ics of gear-driven manipulators, in which 
the rotational inertias of the motors are 
amplified by the gear ratios and can some­
times even dominate the dynamics_ Re­
liance on a direct-drive model can lead to 
significant errors in the design of the con­
trol system of a manipulator, with conse­
quent degradation of the stability and per­
formance of the robotic system. 

The development of the improved algo­
rithms began with the Newton-Euler equa­
tions of motion of a manipulator, special­
ized to the case in which each joint has 
one degree of rotational freedom and the 
motor and gears that drive each joint are 
mounted on the inboard link of the two 
links connected by that joint (see figure). 
These equations were used to obtain a 
mass matrix and Coriolis terms. The mass 
matrix is more complex than it would be 
in the corresponding direct-drive model; 

(k-1)th Motor 

..... f--- Towards Base (Inboard) 

it includes additional diagonal and off-di­
agonal terms that represent the additional 
cross-coupling between joints that is at­
tributable to the inertias of the motors. 

A recursive algorithm that computes the 
mass matrix and that involves a number 
of arithmetic operations approximately pro­
portional to n2 (where n is the number of 
links) was derived by use of the spatial­
operator algebra discussed in a previous 
article in NASA Tech Briefs. New operator 
factorizations of the mass matrix and ex­
pressions for its inverse were obtained. 
Building on the foregOing, a recursive for­
ward-dynamics algorithm that requires a 
number of arithmetic operations approx­
imately proportional to n was derived. 

Despite the additional complexity of the 
dynamical models of the geared manipu­
lator, the mass-matrix and forward-dynam­
ics algorithms for geared manipulators 
closely resemble the corresponding algo­
rithms for direct-drive manipulators and re­
quire a relatively small amount of addi­
tional computation. Consequently, present 
direct-drive algorithms can be extended 
easily to gear-drive cases. 

This oork was done by Abhinandan Jain 
and Guillermo Rodriguez of Caltech for 
NASA's Jet Propulsion Laboratory. For 
further information, Circle 9 on the TSP Re­
quest Card. NPO-18230 

(k -1th) Joint 

kth Link 

(k -1 )th Link 

Towards Tip (Outboard) • 

The Rotation of Each Link of the manipulator arm about a joint at its inboard end is 
driven by a motor and gears mounted on the adjacent inboard link_ 
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KEEP PACE 
WITH 
EMERGING 
TECHNOLOGIES 

PARTICIPATE IN 
THE MIT 
ADVANCED 
STUDY 
PROGRAM 
The Advanced Study Program 
of the Center for Advanced 
Engineering Study at the 
Massachusetts Institute of 
Technology is a unique, individ­
ualized course of study that 
offers engineers, scientists, and 
technical managers 

• the opportunity to study 
emerging technologies first­
hand, increase professional 
capabilities, and broaden 
perspectives; 

• on-campus curriculum 
formats tailored to the back­
grounds of individual partici­
pants and the needs of their 
organizations. 

Divided into 15-week segments 
which coincide with the MIT Fall 
and Spring terms, the Program 
combines academic courses 
and seminars with guided inde­
pendent study and research . 

Participants are provided on­
campus offices, computer facil­
ities, a videotape library, and a 
private lounge in the Center for 
Advanced Engineering Study 
building. In addition. partici­
pants may use MIT resources 
such as libraries, Faculty 
Club,and athletic facilities. 

For complete information, 
contact: 

Dr. Paul E. Brown, Director 
Advanced Study Program 
MIT/CAES, Room 9-335N 
Cambridge, MA 02139-4307 

Telephone: (617) 253-6128 
Telex: 92-1473 MIT CAM 
Fax: (617) 258-8831 
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M OTION CONTROL PROBLEMS. 
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Determining Asymmetry of 
a Weld Puddle 
The shape of the puddle would be inferred 
from the surface-temperature distribution. 

Marshall Space Flight Center, Alabama 
A proposed sensing-and-data-processing subsystem would 

provide information on the asymmetry of a weld puddle with 
respectto the original (prior to welding) midplane of a butt joint. 
The subsystem is needed because the subsurface portion of 
the weld puddle is invisible, and asymmetry often leads to lack­
of-fusion defects, in which the abutting faces to be joined are 
not fully consumed by the moving puddle. The subsystem 
would be part of a welding-control system, enabling the system 
to correct for such asymmetry. 

Asymmetry of a weld puddle is caused by differences 
between the flows of heat away from the puddle on the two 
sides of the joint. These differences can be caused by differ­
ences between the compositions, sizes, shapes, and/or thick­
nesses of the two pieces to be joined, and/or by large heat sinks 
close to the weld. The side of the puddle from which more heat 
flows to the adjacent metal slopes less steeply; that is, the 
bottom of the puddle is displaced more toward the other side 
(ses figure) . 

Former Edges of 
Pieces To Be JOined, 

Now Consumed 
By Weld Puddle 

Position 

Asymmetry in a Weld Puddle can result in lack of fusion in part of the 
weld jOint. One can infer the asymmetry of the puddle from the 
asymmetrical distribution of temperature on the surfaces of the pieces 
to be joined. 
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Although the fIov.I of heat within the work­
pieces and the consequent shape of the 
puddle cannot be observed directly, they 
can be inferred approximately from the 
distribution of temperature on the surfaces 
of the pieces to be joined. Accordingly, the 
proposed subsystem would include an in­
frared camera aimed at the weld and the 
surrounding area. Temperatures and gra­
dients of temperature would be computed 
from the infrared imagery and fed as in-

put along with other relevant data to a 
mathematical model of the weld pool that 
takes account of thermal conduction and 
possibly such other effects as convection 
and surface tension. 

Mathematical models of various degrees 
of sophistication that have already been 
developed for welding-control systems are 
capable of predicting the cross-sectional 
shape of the weld; a suitable model would 
have to be modified to accept the infrared-

image data as input. The minimal outputs 
requi red of the model for the purpose of 
control would be the cross-sectional shape 
and the width and position of the bottom 
weld bead. 

This 'M)rk was done by David A. Gutow 
of Rockwell International Corp. for Mar· 
shall Space Right Center: For further in­
formation, Circle 51 on the TSP Request 
Card. 
MFS-29785 

Preelectroplating Treatment of Titanium Honeycomb Core ~~ 
A new technique eliminates excess copper filler. 
Langley Research Center, Hampton, Virginia 

It is necessary to develop new materials 
that have improved specific properties at 
high temperatures and to use highly effi­
cient structural concepts to meet the strin­
gent structural-weight requirements of the 
National Aerospace Plane. The titanium 
aluminide (Ti,f.l) composites are among 
the materials that offer improved proper­
ties. The honeycomb-core sandwich offers 
high structural efficiency. As a result, a 
study was initiated at NASA Langley Re­
search Center to develop joining and fab­
rication processes to facilitate the efficient 
incorporation of Ti,f.1 into lightweight, 
high-temperature honeycomb sandwich 
structures. 

The enhanced-diffusion-bonding (EDB) 
process using electroplated copper as filler 
material has been demonstrated to pro­
duce joints in Ti/14AI/21 Nb alloy that have 
load-carrying capability at elevated temper­
atures. However, prior plating techniques 
for applying the copper exhibited several 
deficiencies, including lack of precise re­
peatability and the deposition of excess 
copper on and in the honeycomb struc­
ture. This led to the development of a proc­
ess in which a maskant on the honeycomb 
core permits the electroplating of a con­
trolled amount of filler metal on the edge 
of the honeycomb core only. 

The new technique is used to treat ti­
tanium honeycomb core electrochemically 
by applying a conversion coat to keep the 
honeycomb active and receptive to elec­
troplating with a solution of sodium bichro­
mate and hydrofluoric acid. The solution 
is used at room temperature on reverse 
current (dc) with 300-series stainless steel 
screen or graphite cathodes. The new tech­
nique incorporates an improvement over 
an older technique that involves the use 
of these chemicals; in the older technique 
excessive copper is applied because a lac­
quer mas kant used to prevent selectively 
the deposition of copper peels off in the 
etching solution. 

In a test of the new technique, the con­
centration of the sodium bichromate was 
decreased from 290 to 252 gIL, the con­
centration of the hydrofluoric acid was in-
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creased from 55 to 56 mLjL, and the proc­
essing temperature was decreased from 
the range of 180 to 212 OF (82 to 100°C) 
to room temperature. By applying reverse 
current at 6 V with stainless-steel screen 
or graphite as cathodes at room tempera­
ture, it was possible to accomplish the ap­
plication of lacquer mas kant, treatment, 
and electroplating within 1 h. Also, with the 
addition of the reverse current, alkaline 
copper, nickel/cobalt, and silver preplates 
could be used along with the acid copper, 
nickel, and nickel/tungsten. 

cent of the face-sheet area is affected by 
the metallurgical reactions associated with 
bonding. With this treatment, the EDB proc­
ess has been used to fabricate sandwich 
panels of Ti/14A1/21Nb face sheet and Ti/ 
3AI/2.5V honeycomb core for coupon and 
structural-element tests at room and high 
temperatures. Panels as light as 0.5 Ib/ft2 

(2.4 kg/m2) have been fabricated. 

As a result of applying the filler metal 
only where it is needed, less than 5 per-

This 'M)rk was done by Michael L. Kelly 
and James S. Harvey of Langley Re· 
search Center. For further information, 
Circle 144 on the TSP Request Card. 
LAR-14256 
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Fastener for Hot, Oxidizing 
Environments ~~ 
It can be assembled and disassembled 
quickly from the outside. 

Lyndon B. Johnson Space Center, 
Houston, Texas 

A threaded fastener is designed for service at extremely 
high temperatures in oxidizing atmospheres. The fastener 
consists of four parts (see figure) . The body-a head with a 
tapering shank-is made of a high-temperature-resistant 
composite material and has a ceramic coat to protect it from 
oxidation . A collar, composed of two halves with continuous 
external threads, is made of a strong refractory metal alloy. 
The two halves are fitted onto the shank and secured to the 
shank by a lockring. 

The fastener is inserted in a hole in the panel to be 
fastened until the conical surface of the head makes contact 
with a similar conical surface countersunk in the hole. The 
threaded halves are then secured on the shank. A screw­
driver, spanner wrench , or other suitable tool is inserted in a 
slot or slots in the head to turn the fastener in a threaded 
receptacle behind the panel. When the fastener is fully tight­
ened, the top of its head is flush with the surface of the panel. 

Note that the cross section of the shank is not circular but 
square. This geometry enables the body to grip and turn the 
threaded collar instead of merely sliding within it. 

The ceramic coat that gives the body of the fastener its 
resistance to oxidation is brittle; if subjected to tension or 
shear, it would crack and the fastener would quickly oxidize 
and fail. The taper on the shank transforms the shear and 
tension from the threads in the collar into a combination of 
radial compression and axial tension in the shank (which the 
shank can withstand readily) . In turn , the conical taper in the 
head assures that the ceramic coat is stressed mainly in 
compression, which it can withstand readily. 

Head 

Shank --

One of Four 
__ Slots !or 

Spanner 
Wrench 

1 
0.750 

~ 

o 
BODY 

Tapered Square 
Conical Channel 

for Shank 

Halves of 
Collar 

COLLAR 

Halves.of 
Collar 

ASSEMBLED 
FASTENER 

Threaded Halves of the metallic collar fit around the tapered shank 
of the body of the fastener. A retaining ring holds the collar on the 
body. Dimensions are in inches. 
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This work was done by Thomas J. Dunn 
of Johnson Space Center. For further in­
formation, Qrcle 5 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-21580 

Stiffened Carbon/Carbon Compression 
Panels ~~ 
Panels with integral stiffeners were made with woven fabric 

in two-dimensional, cross-ply layups. 

Langley Research Center, Hampton, Virginia 
Carbon/carbon composite materials are 

being considered for structural applica­
tions in which their light weights and their 
strengths at high temperatures are attrac­
tive. Potential high-temperature structural 
applications on advanced aircraft and 
spacecraft include leading edges, fairings, 
and control surfaces. Understanding how 
to design and fabricate subcomponent 
panels that can support either tensile or 
compressive loads is basic for the use of 
carbon/carbon materials for lightweight 
structural components. Therefore, an ex­
perimental and analytical program was 
conducted to develop the technology re­
quired to design, fabricate, and predict the 
performances of stiffened carbon/carbon 
compression panels. 

The design study resulted in designs for 
lightweight compression panels. A single­
panel design was selected, and both 
coated and uncoated carbon/carbon test 
specimens were fabricated, tested, and 
analyzed. Fabrication procedures were 
developed and demonstrated by the con­
struction of blade-stiffened carbon/carbon 
compression panels containing woven 
fabric in a two-dimensional, cross-ply layup 
(see figure). 

Compression buckling and failure tests 
were conducted on three uncoated single­
stiffener specimens, four uncoated blade­
stiffened panels, and one coated blade­
stiffened panel. Some test specimens 
incorporated stitching to reinforce the at­
tachment of the stiffeners to the panel 

Stiffened Panel 
specimens were 
made in this layup 
configuration. Some 
included stitching. 
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skins. Each test configuration was ana­
lyzed, and the results of the analysis 
were compared with the results of the 
experiments. 

The results of these fabrication trials 
and experiments showed that carbon/car­
bon compression panels with integral stif­
feners can be successfully fabricated by 
use of woven fabric in a two-dimenSional, 
cross-ply layup configuration. The results 
of the experiments on both coated and un­
coated panels showed that local skin buck­
ling did not cause collapse of the panels 
and that ultimate failure occurred at loads 
10 to 20 percent above the buckling loads. 

The results showed further that for car­
bon/carbon panels subjected to in-plane 
loading, separation of the stiffeners from 
the panel skins was not a problem. Thus, 
stitching along the base of a stiffener to 
strengthen the attachment to the skin of 
a panel is not necessary and does not 
produce a significant improvement in the 
buckling strength or ultimate failure strength 
of the panel. Comparisons between the ex­
perimental and analytical results for the 
configurations investigated showed that 
conventional finite-element analysis pro­
cedures adequately predict the onset of 
skin buckling in both coated and uncoated 
blade-stiffened compression panels. 

This 'MIrk was done by James W Sawyer 
of Langley Research Center. No further 
documentation is available. 
LAR-14367 

Six Plies 

---------

3M Introduces 
Heat Shrinkable 
Cable Shield 
Terminators 
Meet MIL-S-83519 for 
one-step soldering of 
ground wires to cable 
shielding 

AUSTIN, Tex. - New 3M brand MIL­
S-83S19 shield terminators provide an 
insulated, environmentally protected 
strain relieved solder termination. 

A red thermo­
chromic indicator 
is included in the 
solder flux. When 
sufficient heat has 
been provided for 
complete melting 
it becomes color­
less, thus helping 
the technician 
know the sol­
dered joint is 
complete. 3M shield terminators 

are available in five di­
ameters with and with­
out pre-installed ground 
leads per MIL-S-835 19. 

Six alpha nu­
meric characters 
in contrasting ink 

provide MIL spec markings that are 
clearly visible before and after application 
to assist quality control inspections. 

Environmentally and mechanically 
protected solder connections are the 
result of a three part proce : 
I . The outer sleeve shrinks 
2 . The solder preform melts and flows , 

completing the connection 
3. The thermo plastic insert melts to 

provide a seal 

To aid in the correct application of 
the e heat hrinkable shield terminators, 
3M offers heating devices, MP-700 for 
hot air, ST-3000 for infrared. 

The completed assembly provides 
thermal and electrical insulation , 
identification, strain relief, moisture 
sealing and chemical protection. 

For more information contact a 3M 
Electrical Specialtie Division represent­
ative or authorized distributor or call 
1-800-322-7711. 

3M Electrical Specialties Division aNI 
PO Box 2963 
Austin , Texas 78769-2963 
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HEAVY· DUTY 
INDUSTRIAL NOISE 

TWO WAYS. 
ProSPEC composite acoustical sheets, from 

illbruck, have been engineered to provide 
industrial-strength noise control. Use the reader 
service number below to get free literature. Or 
call toll-free today. 1-800-662-0032. 

ProSPEC 
COMPOSITE ACOUSTICAL SHEETS 
©1992. iIlbruck. inc. 
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PC Software 
Free 30 day trial! 

Workshops (3% day) 
$100,OOO's saved by 
Stat-Ease clients! 
From 1991 survey . Results on file . - OESIGN-EASE® V2 

Fmd key factors With DOE: 
2-level full & fractionals, -DOE Made Easy 
Plackett-Burman. ($395) Improve product/process 
"Extremely easy to use, quality With design of 
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-Advanced DOE 
- OESIGN-EXPERT® V3 OphmlZe via response sur-
Locate peak response With face methods (RSM).($995) 
3D contour plots. Optimize . 
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Mouse supported. ($795) ing's methods. ($795) 
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Leak Stopper for Metal-to­
Metal Tube Fittings 
A plastic-coated steel device is both 
conformal and strong . 

Lyndon B. Johnson Space Center, 
Houston, Texas 

A washerlike seal stops leakage at Dynatube™ joints 
between metal tubes. The seal is made of materials that 
resist attack by corrosive and oxidizing fluids. In addition, 
the seal aligns itself in the joint for maximum effective­
ness. 

The seal is a thin stainless-steel washer that includes 
an inner lip and that is partly coated with poly tetra­
fluoroethylene (see figure) . The inside diameter of the 
washer is about the same as that of the Dynatube fitting , 
and there is a slight interference fit between the lip and the 
inner diameter of the Dynatube fitting . The seal is there­
fore press-fit or snapped in place in fitting and stays there, 
regardless of the orientation of the fitting. 

The polytetrafluoroethylene coat adheres well to the 
surface of the stainless-steel core . The core provides 
strength , while the polytetrafluoroethylene coat provides 
the soft material to flow into scratches on the fitting and 
forms the seal. Seals for 1/2-in . (12.7-mm) fittings have 
been fabricated. Seals for 1 14-in. (6 .35-mm), 5/8-in . (15.88-
mm), and 3/4-in . (19.05-mm) fittings have been designed. 
The stainless-steel core is nominally 0.005 in . (0 .127 mm) 
thick. Polytetrafluoroethylene coats 0.002 in . (0.05 mm) 
and 0.005 in. (0.13 mm) thick have been manufactured 
and tested . Other thicknesses of polytetrafluoroethylene 
may be used, depending on the size of the leak in the 
fitting . The lip is offset 0.020 in . (0.51 mm) . 

This work was done by Joseph R. Trevathan of John­
son Space Center. For further information, Circle 110 on 
the TSP Request Card. MSC-21BOO 

0.630 In . 
A 

0.410 In. 
A 

Thickness 
of Washer 

Polytetrafluoro- O.OO5~~ 
ethylene Coat 0.002 ~ - II -

or 0.005 in. thick ~ 

LiP .......... 

0.020 In. 

SECTION A·A 

The Plastic-Coated Washer With Lip fits securely in a leaky 
fitting . Typical dimensions for a O.S-in. (13-mm) seal are shown. 
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Easy Attachment of Panels to a Truss 
Panels would be guided into precise position and locked in easily. 

Langley Research Center, Hampton, Virginia 

A conceptual antenna dish, solar collec­
tor, or similar lightweight structure would , 
consist of hexagonal panels supported by 
a truss. The truss would be erected in the 
field, and the panels would be attached 
to the truss by specially designed quick­
capture and locking mechanisms (see 
Figure 1) that would be easy to operate. 

The workers would first bu ild only 
enough of the truss structure to support 
a single panel. They would attach the first 
panel to the truss, then add just enough 
truss structure to support a second panel 
adjacent to the first. Then they would at­
tach the second panel , build more of the 
truss, and so forth (see Figure 2). By con­
structing the truss in increments, they 
would maintain access to the panel-at-

STEP 1: ASSEMBLE PART OF TRUSS 

tachment nodes on the truss; that is, the 
attachment nodes would not be obstructed 
by the supporting structure. 

The workers would carry a panel to the 
truss so that it would approach at a t ilt of 
5° to 15° from its final intended orienta­
tion. They would attach the panel to the 
truss at the two outermost attachment 
nodes more or less simultaneously, then 
rotate the panel aQout the axis between 
these two nodes so that the panel would 
become connected to the structure at the 
remaining node. 

Each attachment node on the panel 
would include recesses that would mate 
with studs on the truss, as shown in Figure 
2 and described more fully in the follow­
ing article, " Probe and Drogue for Quick At-

STEP 2: ATIACH FIRST PANEL 
AT TWO POINTS 

REMAINING STEPS: REPEAT AND ADD MORE SECTIONS 

tachment and Detachment" (LAR-14479). 
The recesses would be shaped to guide 
the studs to final nesting positions; the 
workers would need only to align the truss 
and panel nodes coarsely. 

Initially, capturing studs at each node 
on the truss would be made to protrude 
slightly from the surrounding truss struc­
ture to make attachment easy. Once three 
adjacent panel nodes had been attached 
to the three capturing studs at a truss 
node, the workers would retract the cap­
turing studs with the help of an interior 
worm gear, drawing the three panels in­
ward and spring-loading them onto mount­
ing studs on flexible posts. 

The edges of each panel would be un­
dercut by a 30° chamfer. This would pre-

Figure 1. The Truss Would Be Built in Increments along with attachment of panels. Each panel would be brought toward the truss 
at an angle and attached to two nodes on the truss. Then the panel would be rotated into attachment at a third node. 
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The Next Time, 

Why Not 

REALLY 

Change Your Oil! 

After an initial treatment of 8 ounces, just 
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~
panel 

Mounting 
Stud on 

Flexible Post 

STEP A: 
APPROACH 
AT ANGLE 

STEP c: 
TILT DOWN 

ONTO OTHER 
CAPTURING STUDS 

STEP B: 
SNAP ONTO 

CAPTURING STUD 

STEP D: 
RETRACT PANEL 
ONTO MOUNTING 

STUD WITH 
SPRING LOAD 
PROVIDED BY 

CAPTURING STUD 

Figure 2. The Attachment of a Panel to a Truss Node would involve this sequence of 
simple motions. 

vent mutual interference by the edges of 
two adjacent panels when one or both of 
them were tilted. 

This work was done by Mark Thomson 
and Mark Gralewski of Astro Aerospace 
Corp. for Langley Research Center. For 
further information, Circle 45 on the TSP 

Request Card. 
Inquiries concerning rights for the com­

mercial use of this invention should be ad­
dressed to the Patent Counsel, Langley 
Research Center [see page 18}. Refer to 
LAR-14478. 

Probe and Drogue for Quick Attachment 
and Detachment ~J 
A capturing stud locks positively and accepts misalignment. 

Langley Research Center, Hampton, Virginia 
A prototype probe-and-drogue attach­

ment mechanism connects and discon­
nects parts quickly and locks them togeth­
er positively. It accommodates a large 
alignment error when the parts are brought 
together. The probe portion of the mech­
anism is intended to be the capturing stud, 
and the drogue is the mating recess in a 
panel to be captured, as described in the 
preceding article, "Easy Attachment of 
Panels to a Truss" (LAR-14478). 

The probelike stud (see figure) mates 
with a similarly, approximately conically 
shaped receptacle. The probe includes a 
beveled piston that is held away from the 
small end of the outer shell by a spring. 

The bevel on the piston transforms the 
spring load into an outward bias on a set 
of detent locking balls. When the probe is 
pushed into the drogue, the protruding 
parts of the balls snap into detent seats 
in the drogue. Thereafter, any attempt to 
pull the probe out of the drogue acts, via 
the bevel on the piston, to wedge the balls 
into the seats even more firmly: the probe 
cannot then be removed from the drogue 
unless a cable is pulled to compress the 
spring and draw the piston away from the 
balls, thereby releasing the balls radially 
inward from the seats in the drogue. 

It is not necessary to pull the cable 
when inserting the probe in the drogue 
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because insertion compresses the piston 
spring and loosens the balls so that they 
can slide into the seats in the drogue. The 
probe can be inserted into the drogue at 
any angle within a 30 0 cone; a spherical 
bearing in the piston accommodates angu­
lar misalignments within this cone. The ap­
proximately conical shapes of the probe 
and drogue help to correct initial lateral 
misalignments as well as angular ones. 

This oork was done by Mark Thomson, 
Mark Gralewski, and Grant Young of Astro 
Aerospace Corp. for Langley Research 
Center. For further information, Circle 20 
on the TSP Request Card. 

Inquiries concerning rights for the com­
mercial use of this invention should be ad­
dressed to the Patent Counsel, Langley 
Research Center [see page 18}.Refer to 
LAR-14479. 
The Probe Nests in a similarly contoured 
drogue. Three balls at the wide end of 
the probe engage seats in the drogue. The 
cable is used to release the probe from 
the drogue. 

Drogue 

Laboratory Produces YBa2Cu307_~ 
Superconductive Films 
A vacuum deposition system was modified at relatively low cost. 

Goddard Space Flight Center, Greenbelt, Maryland 
NASA's Goddard Space Flight Center 

has assembled laboratory equipment to 
produce superconducting thin films of 
YBa2Cu30 7_ X in sufficient quantities for 
the development of new detector devices. 
The principal apparatus is a vacuum evap­
orative-deposit ion system that was modi­
fied to obtain the desired results without 

incurring the cost of a completely new 
system. 

The vacuum chamber of the unmodified 
deposition system contained a single elec­
tron-beam evaporation source. The mod­
ification included the installation of two 
addit ional electrical-resistance-heated 
sources. In preparation for deposition, the 
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The Electrical Resistance of a thin film of barium copper oxide depOSited on a 
lanthanum aluminate substrate in the deposition system was measured as a function 
of temperature. 
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vacuum chamber is first cryopumped down 
to a base pressure of 5 x 10 - 7 torr (about 
7 X1O- 5 Pa), then refilled with oxygen to 
a pressure of 5X10'-6 torr (about 7x1O-4 

Pa). All three evaporation sources are then 
operated simultaneously the electron-beam 
source is used to evaporate yttrium, while 
the electrically heated sources are used 
to evaporate barium fluoride and copper. 

The deposition substrates are lanthan­
um aluminate wafers, which are attached 
to a rotating substrate holder about 10 in. 
(about 25 cm) above the sources. During 
deposition, the sources are monitored and 
controlled by use of three oscillating-quartz­
crystal thickness monitors that are shroud· 
ed to prevent crosstalk. An additional sam­
ple film is deposited on silicon during each 
run. The composition of this film is an· 
alyzed by inductively coupled plasma op­
tical emission spectroscopy. The ideal 
composition includes Y, Ba, and Cu in the 
stoichiometric proportions of 1:2:3, respec­
tively, corresponding to weight percent­
ages of 16.0, 49.6, and 34.4, respectively. 

After deposition, the films are annealed 
in flowing oxygen in a tube furnace to turn 
them into superconducting oxides. Initial· 
Iy, the furnace is heated from room tem· 

perature to 500 °C, at which point water 
vapor is introduced into the flowing oxygen 
to remove fluorine (that originated in the 
barium fluoride source) from the deposited 
films. The heating continues until the tem· 
perature reaches 900 0c. This temperature 
is maintained 30 minutes, and then the fur­
nace is allowed to cool to room tempera· 
ture. The flow of water vapor is turned off 
during the cooling process. 

The resistivities of the completed films 
are determined by use of the four-wire re­
sistance-measuring technique. Films pro· 
duced in this system have exhibited zero 
electrical resistance at temperatures as 
high as 89 K, with transitions to supercon· 
ductivity narrower than 1 K (see figure). 
Films thus produced are being processed 
to make sensing elements of infrared­
transition·edge bolometers and supercon· 
ducting·quantum·interference-device 
(SQUID) junctions for SQUID magnetom­
eter sensors. 

This work was done by Christine A. Allen 
and Michael J. Viens of Goddard Space 
Flight Center. No further documentation 
is available. 
GSC-13440 

"Easy-on, Easy-off" Blanket Fastener l'~ 
A disk and post fit snugly and release quickly. 

Goddard Space Flight Center, Greenbelt, Maryland 
A set of simple fasteners hold a flexi­

ble blanket of protective padding or ther­
mal insulation on a set of posts on a sup­
porting structure. The fasteners can be 
detached quickly and easily by pulling 
them away from the posts. The fasteners 
can be reused several times. No tools are 
needed for installation or removal. 

Each fastener consists of a disk of sili­
cone rubber cast on a disk of Mylar (or 
equivalent) polyethylene terephthalate that, 
in turn, is fastened to the blanket. A cen­
tral hole in the polyethylene terephthalate 
disk has a diameter slightly larger than that 
of the post, while a central hole in the 
silicone-rubber disk is slightly smaller than 
that of the post. Therefore, the disks can 
be press-fit over the post and nest securely 
in a groove on the post (see figure). 

Each disk is adhesively bonded to the 
blanket, and each post is similarly bond­
ed to the supporting structure. Disks are 
positioned at intervals on the blanket to 
register with posts. 

This work was done by Ronald E. 
Kolecki and Carroll H. Clatterbuck of God· 
dard Space Flight Center. For further in­
formation, Circle 143 on the TSP Request 
Card. 
GSC-13373 

A 

L 

Diameter of This 
Hole Chosen for 
Press Fit on Post 

Polyethylene 
Terephthalate 

Disk 
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Rubber Disk 

\~~./ 

This Surface Diameter of This 
Fastened to Blanket Hole Chosen for 
by Use of Adhesive Clearance on Post 

This Surface Fastened 
to Supporting Structure 

by Use of Adhesive 

The Silicone-Rubber Disk and Post join 
securely but can be easily separated by 
pulling along the axis of the post. 
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Robust Method for Robotic Mapping 
A robot constructs a map from its experience. 
Lyndon B. Johnson Space Center, Houston, Texas 

A robust qualitative method enables a 
robot to explore an unknown environment 
and construct a map. The new method 
was inspired by the study of the cognitive 
maps used by humans. In contrast with 
traditional methods in which the environ-
ment is described mainly by metrical infor­
mation, the new method incorporates pro­
cedural knowleqge for movement and a 
topological model of the environment in ad­
dition to the metrical information. Potential 
applications include robotic sentries for 
warehouses, robotic delivery trucks for 
factory floors, robotic floor cleaners, ro­
botic lawnmowers, and the like. 

The topological model consists of nodes 
and arcs corresponding to distinctive 
places and local travel edges linking near­
by distinctive places (see figure). An ac­
curate topological model is created by link­
ing places and edges, and enables the 
accumulation of metrical information with 
reduced vulnerability to metrical errors. A 
distinctive place is defined as the local 
maximum of some measure of distinctive­
ness (e.g., height) appropriate to its im­
mediate neighborhood, and is found by a 
hill-climbingsearch. Local travel edges are 
defined in terms of local control strategies 
required for travel. The knowledge of how 
to find distinctive places and follow edges 
is the procedural knowledge, which the 
robot learns dynamically during explora­
tion and which guides the robot during the 
navigation. 

MACSYMA® 

Adds 57 New Features­
Yet Costs Less 

Symbolics' powerful and popular 
MACSYMA symbolic math software now 
features multiple graphics interfaces, 
including support for the X window 
system, a state of the art integer factoring 
capability and improved support for 

usage files that describe major "out of 
core" packages and over a dozen new 
families of special functions. In total, over 
50 line-item features have been added or 
improved for version 417. 100. 

handling trig special angles. MACSYMA now features lower 

The use of the topological description of 
the environment intermediate between the 
sensorimotor interaction with the world 
and a metrically accurate model consti­
tutes a major innovation. The topological 
description confers the following advan­
tages: 

MACSYMA version 417.100 includes pricing, starting at $995, and is available 
over 375 active examples of commands, for immediate delivery on a wide range of 
over 180 active demos, over 90 on-line systems, from 386 PCs to mainframes. 

• Because n includes discrete places and 
edges, travel from one topologically de­
fined place to another does not suffer from 
cumulative metrical errors. 

• A topological model can support a class of 
effective strategies for traveling from one 
place to another even wnhout a metrical 
model of the environment. This decouples 
the critical short·term need for effective 
travel strategies from the longer-term 
process of analyzing metrical observa-
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Find out why you should be using MN:SYMA as your symbolic math system; 
call or write Symbolics MACSYMA Division, 

8 New England Executive Park, Burlington, Massachusetts 01803. 
In Mass. (617) 221-1250 FAX (617) 221-1099 

email: Info-macsyma@.symboUcs.com 

Available on: SPARC, mM RSl6000, DEC VAX, DEC RISC, HI'9000/300, 
HP9000/400, Apollo, Sun-3, Symbolics, 3861486 DOS Pes 

C 1992 SymboUcs Inc. Macsyma Is • reglslered lrademark of SymboUcs Inc Other prodUCIS mentioned art rndemarks of their respec~ve owners. 
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tions to produce a metrical model of the 
environment. 

The use of zero-dimensional ("hill-climb­
ing") and one-dimensional ("path-follow­
ing") control strategies to define the places 
and edges that make up the discrete topo­
logical model of the continuous environ­
ment constitutes a second major innova­
tion. Within a given neighborhood, the 
robot uses locally observable features to 
select a control strategy that will enable it 
to "hill-climb" to a maximally distinctive 
place within that local neighborhood. Upon 
return to that neighborhood, the hill-climb­
ing control strategy will enable it to return 
to the distinctive place, thus eliminating 
any cumulative error. When moving away 
from a distinctive place, the robot selects a 
path-following control strategy that will 
enable it to follow a topological edge (e.g., 
the midline of a corridor, or near the wall of 
a larger space) until reaching the neighbor­
hood of another distinctive place. 

This Exploration Trace summarizes the results of a simulation of the exploration of a two-di­
mensional (room-and-corridor) environment by a robot equipped with range sensors. The 
numbered points denoted by "P" and the numbered curved lines denoted by "E" represent 
distinctive places and local travel edges, respectively. 

The use of control strategies makes it 
possible to eliminate random error and un­
predictable environmental detail, and to 
enable the robot to treat a continuous 
error-prone world in terms of a discrete, 
error-free, topological description. There is 
a large repertoire of control strategies 
suitable for different types of environments 
or sensorimotor interactions. The method 
is not restricted to the use of any particular 
control strategy, but applies generally to 
the architecture that selects a suitable 
control strategy for the specific robot and 

environment, and uses the strategy to build 
the topological description. 

The topological description serves as a 
substrate for more sophisticated and 
detailed models of the environment. The 
metrical model can be accumulated and 
refined by standard data-analysis tech­
niques, because the short-term travel 
needs of the robot are not critically de­
pendent on a possibly inaccurate metrical 
model. The assumption that the robot is the 
only changing element of an otherwise 
constant environment can be relaxed to in­
clude such things as doors that may be 

Fast Transform Decoding of 
Nonsystematic Reed-Solomon Codes 
Decoding is speeded by making certain computations unnecessary. 
NASA's Jet Propulsion Laboratory, Pasadena, California 

An algorithm that decodes non system­
atic Reed-Solomon codes is simpler and 
faster than some prior algorithms de­
veloped for this purpose have been. The 
algorithm is particularly suitable for imple­
mentation in very-large-scale integrated 
circuits. This is an important development 
because Reed-Solomon codes are error­
detecting and error-correcting codes that 
are used in deep-space communications, 
military communications, and compact­
disk recording. 

The derivation of the algorithm begins 
with the observation that the Reed-Solo­
mon codes constitute a subclass of redun­
dant residue polynomial codes. It has been 
shown previously that a redundant residue 
polynomial code can be decoded by use 
of the Chinese remainder theorem togeth­
er with the Euclidean algorithm, without 
having to solve the error-locator and error­
evaluator polynomials. The reconstruction 
of the corrupted (by errors and/or erasures) 
information polynomial F'(x) from the re-
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ceived symbols is an essential interme­
diate step of the decoding process, the 
objective of which is to reconstruct the 
uncorrupted information polynomial F(x). 
The disadvantage of the prior algorithm for 
decoding a redundant residue polynomial 
code is that, for a code word of length n, 
the reconstruction of F'(x) involves n poly­
nomial multiplications followed by the 
operation modulo M(x) , where M(x) is a 
product of n polynomials. These opera­
tions require much computation and there­
by decrease the speed of decoding. 

In the present algorithm, a fast, efficient 
Fermat number transform is used to com­
pute F'(x) in a manner analogous to that 
of computation of the syndrome in a con­
ventional decoding scheme. The Fermat 
number transform eliminates the polyno­
mial multiplications and reduces the num­
ber of other multiplications in the recon­
struction of F'(x) to n log (n). Next, the 
Euclidean algorithm is used to evaluate 
F(x) directly, without going through the in-

open or closed, or people who walk quickly 
through a space while it is being explored. 
The method allows for study and improve­
ment of the handling of such systematic er­
rors as sensor failure, the acoustic pecu­
liarities of sonar rangefinders, or differing 
reflective properties of wall surfaces. 

This work was done by Benjamin J. 
Kuipers and Yung-Tai Byun of the Universi­
ty of Texas at Austin for Johnson Space 
Center. For further information, Circle 107 
on the TSP Request Card. MSC-21468 

termediate steps of solving the error-lo­
cator and error-evaluator polynomials. 

The algorithm (see figure) can be sum­
marized as follows: 
1. Compute the inverse Fermat number 

transform of the received code word to 
obtain F'(x). 

2. If the degree of F'(x) < k (where k = 
the number of information symbols), then 
F(x) = F'(x); otherwise, go to the next 
step. 

3. Compute the erasure-locator polyno­
mial, 01(X). If the degree of F'(x)01(X) S 

the degree of M(x), then set P_1(X) = 0, 
po(x) = 1, r_1(x) = M(x), and ro(x) = 
F'(x)O 1 (x); otherwise, set P_1(X) =1, prJx) 
=0, r_1(x) = F'(X)01(X), and ro(x) = M(x). 

4. To determine the error-locator polyno­
mial 02(X) and F'(x)O(x) (where O(x) = 
0 1 (X)02(X))' apply the Euclidean algo­
rithm to M(x) and F'(X)01(X). The initial 
values of the Euclidean are defined in 
step 3. The iterative procedure of the 
Euclidean algorithm terminates at the 
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F'(x) = Inverse Fermat Number 
Transform of the 

Received Code Word 

P-l(X) =1, PO(x) = 0 P_1(x) = 0, PO(x) =1 
r_l(x) = F'(x)Dl(X), rO(x) = M(x) r_l(x) = M(x), rO{x) = F'{x)Dl(x) 

ri _ 2<x) = Qj(x)q _ l(x) + q(x) 
deg[q(x)) < deg[q _ l(X)) 

Note: " deg" means " the degree of." 

fj(x) 
F(x) ---­

- PI(x)Di(x) 

The Fast Transform Decoding Algorithm reconstructs the information polynomial F(x) , 
provided that the numbers of errors and erasures do not exceed the correcting capacities of 
the code. 

value of i for which the degree of ~ (x) 
< n- Ud-1-S)/~ (where LxJ denotes 
the greatest integer ~ x). 

5. Compute F(x) = ~(xypi(x)D1(x) for the i, 
~ (x) , and p; (x) reached at the end of the 
iterative procedure in step 4, where p; (x) 
is defined in the figure. 
This work was done by Trieu-Kie Truong 
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and Kar-Ming Cheung of Caltech, A. 
Shiozaki of Osaka Electro-Communication 
University, and Irving S. Reed of the Uni­
versity of Southern California for NASA's 
Jet Propulsion Laboratory. For further 
information, Circle 126 on the TSP Request 
Card. 
NPO-18039 

TURBOMACHINERY 
DEVELOPMENT 

MADE EASY ! 

With advanced turbomachinery 
software systems from NREC 

you can balance performance, 
reliability, and cost. 

Or, we can do it for you. 

Product Design & Development 
Services include product specification , 
feasibility studies, fluid and mechanical 
design , controls engineering , finite 
element analysis, rerating, performance 
upgrades, and failure analysis. 

Specialized CAE/CAM Software 
Advanced technology software improves 
desig8 , performance prediction , 
vibration analysis, and N/C machining of 
compressors, pumps, and turbines. 

Precision Manufacturing 
NREC provides the highest quality 5-axis 
machining of complex impellers, rotors, 
blades: and ~Iisks , up to 60 inches, plus 
balanCing, Spin testing, and assembly. 

For More Information 
Please request free literature or 
contact Frank Hines to discuss your 
application . Phone 617937-4655 or 
Fax 617 935-9052. 

NREC 
Northern Research and 
Engineering Corporation 
39 Olympia Avenue, Woburn MA 01801 
A part of worldwide Ingersoll-Rand 
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Efficient Computation of Confidence 
Intervals of Parameters 
Hybrid algorithms, following both search and gradient 
approaches, prove best. 

Langley Research Center, Hampton, Virginia 
An important step in identification of 

mathematical models of aircraft is the 
estimation of stability and control deriva­
tives from fl ight data, along with an assess­
ment of estimation accuracy. When the 
maximum-likelihood (ML) estimation tech­
nique is used, the parameter-estimate ac­
curacies are commonly assessed via the 
Cramer-Rao (CR) lower bound. It is known, 
however, that in some cases the lower 
bound can be substantially different from 
the variances 'of the parameters. Under 
these circumstances, the CR bounds may 
be misleading as measures of accuracy. 
Before investigating the various factors 
that contribute to estimation errors, an 
efficient algorithm should be selected for 
the calculations. 

This study focused on obtaining such 
an efficient algorithm for the estimation of 
confidence intervals of ML estimates. Four 
algorithms were selected to solve the as­
sociated constrained optimization prob­
lem. The first algorithm follows a penalty­
function approach in which one attempts 
to take advantage of a subalgorithm in the 
form of the MNRES (Modified Newton­
Raphson with Estimated Sensitivities) 
algorithm. The second algorithm uses a 
random-search method developed by 
Mereau. This method has been one of the 
few available to estimate general parame­
ter confidence intervals for aircraft mathe­
matical models. The third algorithm incor­
porates a combination of search and gra­
dient techniques. This algorithm, called 
CONMINS, is commonly used at NASA 
Langley Research Center as part of the 
software package of the central computing 

facility. The fourth algorithm is a modifica­
tion of CONMINS that incorporates the 
gradient-estimation scheme of MNRES. 

Each algorithm was applied to real flight 
data, and the results were compared with 
the CR bounds at the 95-percent confi­
dence level. The third and fourth algo­
rithms, using a combination of a linear 
search and gradient techniques, were 
clearly the fastest. The first , or penalty­
function , algorithm was third in speed and 
the second, or random-search , algorithm 
was the slowest. 

The third and fourth algorithms fall into 
the same category of techniques. The 
choice between the two algorithms favors 
the fourth algorithm. If a particular problem 
causes a demand for many calculations 
of the gradients, then the fourth algorithm 
tends to be faster inasmuch as it takes ad­
vantage of the surface-fitting scheme of 
MNRES. If the demand for gradient infor­
mation is less, the third algorithm, using 
a finite-difference approach to compute 
gradients, is more competitive and at times 
possibly faster. 

Although this technique was applied to 
estimation of the parameters of mathe­
matical models of aircraft, wide applica­
tion is possible. The technique should be 
applicable in the identification of any fair­
ly large and complex electrical , chemicai, 
or mechanical system. 

This work was done by Patrick C. 
Murphy of Langley Research Center. For 
further information, Circle 139 on the TSP 
Request card. 
LAR-14341 

Bayesian Classification Scheme 
A statistical approach leads to automatic identification of classes. 

Ames Research Center, Moffett Field, California 
A scheme derived via a statistical ap­

proach automatically identifies classes in 
a set of data. The scheme is applicable 
to real-valued, discrete (e.g., binary or nor­
mal) or continuous (real-valued) data 
presented in the form of parameter vec­
tors that represent the attributes of objects. 
It determines the most probable number 
of classes, the probabilistic descriptions 
of the classes, and the probabil ity that 
each object is a member of each class. 
It incorporates partial prior knowledge of 
some classes that may be present, strik-

ing a balance between the tendency to put 
each datum in a class by itself and the 
tendency to put all data in the same class. 

The scheme is based on the theory of 
finite mixtures, in which each datum in a 
set of I data is assumed to be drawn from 
one of J classes. The jth class, Cj , is de· 
scribed by a class distribution function , 
p(xi I Xi E Cj , OJ), which gives the proba­
bi lity distribution of the parameters of a da­
tum (components of a vector) that belongs 
to that class. The jth class distribution is 
described by a class parameter vector, OJ' 

NASA Tech Briefs, April 1992 



For a single-attribute normal distribution, 
OJ consists of the class mean, p.j' and var­
iance, r?. 

The drobability of an object being drawn 
from class j is called the class probability 
7rj" Thus, the probability of a given datum 
coming from a set of classes is the sum 
of the probabilities that it came from each 
class separately, weighted by the class 
probabilities. 

J 

p(x;l B,1I" ,J) = E 7Ij p(xj l Xj E Cj ,Oj) 
j =1 (a) 

Provided that the data are unordered 
and independent of each other, the likeli­
hood of measuring an entire data base is 
the product of the probabilities of meas­
uring each datum. 

I 

p(x IB,1I" ,J ) = II p(x;1 B,1I" ,J) 
;=1 (b) 

For given values of the class parame­
ters, one can calculate the probability that 
object j belongs to class j by use of Bayes's 
theorem: 

p(Xj E C;l xj ,8 ,1I" ,J) = 
7rj P(Xj Ix; E Cj,Oj) 

p(xj IO,1I', J ) (c) 

The problem of identifying a finite mix­
ture is broken into two parts: determining 
the classification parameters for a given 
number of classes and determining the 
number of classes. Rather than seek the 
class parameter vectors, B, and the class 
probabilities, 11", one seeks the full pos­
terior probability distribution of them. The 
posterior distribution is proportional to the 
product of the prior distribution of the pa­
rameters p(B,1I" IJ) and the likelihood func­
tion p(x IB,1I".J). 

p(B,1I" I x,J) = p(o,'lr IJ )p(x IO,'lr,J) 
p(x IJ) (d) 

The pseudolikelihood p(x I J) is simply 
the normalizing constant of the posterior 
distribution, obtained by integrating out the 
classification parameters - in effect, 
treating them as " nuisance" parameters: 

p(x IJ) =JJ P(B,1I" IJ)p(x IB,1I",J)dBd1l" (e) 
To solve the second half of the classifi­

cation problem (determining the number 
of classes), one calculates the posterior 
distribution of the number of classes J. 
This is proportional to the product of the 
prior distribution p(J) and the pseudolikeli­
hood function p(x I J). 

P(J I x) = P(J~x~ I J) (f) 

In principle, one can determine the most 
probable number of classes by evaluating 
P(J I x) over the range of J for which the 
prior p(J) is significant. In practice, the mul­
tidimensional integrals of equation (e) are 
computationally intractable, and one must 
search for the maximum of the function 
and approximate it about that point. The 
search and approximate integration are 
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One 
picture ... 

is worth a 
thousand ~uations 

of motion. 
Are you still analyzing your mechan­

ical systems by hand, writing your own 
code for kinematics and dynamics, or wait­
ing around for test results from the lab? 
Then you're still doing things the hard way. 

You could be testing more design 
alternatives - more easily and more 
thoroughly, You could be using ADAMS~ 

ADAMS is an engineering toolset 
for mechanical system simulation, Using 
an interactive graphical environment and 
buill-in libraries of components, joints 
and forces, you can develop 3D system 
models more Quickly than ever before. 
Then, to examine your product's kinematiC, 
static or dynamiC behavior, choose from 
animation, superimposed motion or x-y 
plots, And if you want to see and "feel" how 

well your product will perform, while 
it's still in conceptual design, use our 
unique real-time kinematics option, 

To maximize the value of your 
ADAMS model throughout the design 
process, we also offer: proven CAD 
interfaces; two-way FEA interfaces for 
outputting loading conditions or in­
putting flexible components; linear 
analysis; conirols simulation; and an 
android modeler for studying man/ 
machine interactions. 

Now doesn't that sound easier 
than a thousand equations of motion? 

Get ADAMS. ~ 
And get the Picture . ...&J. 
313-994-3800 =r:1 

Available on pes, workstations and supercomputers, 
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performed by the AutoClass algorithm. The 
complete problem involves starting with a 
random number of classes, searching to 
find the best class parameters for that num­
ber of classes, approximating the integral 
to find the relative probability of that num­
ber of classes, and then repeating the pro­
cedure with a possibly different number 
of classes. The number of classes J used 
in each repetition is chosen to be a ran­
dom variation on the J's of the best pre­
vious repetitions; i.e., the ones with the 
highest approximated pseudolikelihoods 
p(xlJ)· 

AutoClass uses a Bayesian variant of 
Dempster's and Laird's EM algorithm to 
find the best class parameters for a given 
number of classes [the maximum of equa­
tion (d)). To derive the algorithm, one dif­
ferentiates the posterior distribution with 
respect to the class parameters and 
equates the derivative to zero. This yields 
a system of nonlinear equations that are 
solved iteratively. At the end of these itera­
tions, classes with a negligible probability 
7rj can be ignored, since models in which 
a class has negligible probability are al­
ways less probable than are models that 

simply omit that class. 
A robust Lisp implementation of Auto­

Class was applied to the IRAS low-resolu­
tion spectral database, and found many 
new and interesting classes; results are 
available in NASA Reference Publication 
1217. 

Thjs INOrk was done by John Stutz of 
Ames Research Center; Peter OIeeseman 
of RIACS, Will Taylor and Robin Hanson 
of Sterling Software, and Matthew Self of 
NEXT For further information, Circle 71 on 
the TSP Request Card. 
ARC-12797 

Method Accelerates Training of Some Neural Networks 
Three-layer networks can be trained faster under some circumstances. 

Lyndon B. Johnson Space Center, Houston, Texas 

A procedure that accelerates the train­
ing of an artificial neural network under 
some circumstances is based on a modi­
fied version of the back-propagation meth­
od. The procedure is applicable to a three­
layer (input, hidden, and output layers) 
network. The synaptic-connection weights 
obtained at the end of the procedure are 
compatible with (though not necessarily 
the same as) those obtained by unmodi­
fied back propagation. Preliminary studies 
indicate that the synaptic-connection 
weights produced by this procedure offer 
some statistical advantages over those 
produced by unmodified back propagation. 

The procedure can be used to train the 
network in less time than in an unmodified 
back-propagation procedure, provided that 
the following two conditions are satisfied: 
(1) the numbers of neurons in the layers 
are such that the majority of the work is 
done in the synaptic connections between 
the input and hidden layers, and (2) the 
number of neurons in the input layer is at 
least as great as the number of training 
pairs of input and output vectors. 

The procedure is as follows: 
1. Initialize the synaptic-connection weights 

between the hidden and output layers in 
the usual manner to avoid numerical 
traps near zero and infinity. Use these 
weights to initialize the activation matrix. 

2. Use the unmodified back-propagation 
procedure to update the synaptic-con­
nection weights and calculate the pre­
synaptic error signals, ej (j = 1 to n2, 

where n2 = the number of neurons in 
the hidden layer). 

3. Update the coefficients cj k from the tth 
to the 1+1st iteration by , 

c/,k (I+1) = Cj,k(t) - aej 
where the Cj,k are used to compute the 
vector Wj of synaptic-connection 
weights between the j th neuron in the 
hidden layer and the neurons of the in­
put layer according to 

W. =I;c . kVk 
/ k / , 
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where Vk is the kth input vector, and a 
is a positive constant called the " learn­
ing rate." 

4. Update the entire activation matrix from 
the tth to the 1 +1st iteration by 

Ak',j (I +1) = Ak" j - aPk', kej 
where Ak j denotes the activation of the 
jth hidden element in response to the kth 
input vector, j ranges from 1 to n2, k' 
ranges from 1 to the number of training 
pairs of input and output vectors, and 
Pk' k is the matrix of inner products of all 
pairs of input vectors, ' 
The major attraction of this procedure 

lies in its ability to reduce the cost of train-

Books and Reports 
These reports, 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. 

Decoupling Control for 
Oblique-Wing Airplane 
Control interactions 
would be decoupled by 
feedforward and feedback, 

A NASA technical memorandum pro­
poses a procedure for the mathematical 
synthesis of control signals proportional to 
the commanded deflections of the rudder, 
elevators, and ailerons of an oblique-wing 
airplane. The procedure is designed to 
generate signals that compensate for the 
aerodynamical and inertial cross-coupling 
among the yawing, pitching, and rolling 
motions in the oblique-wing configuration; 
that is, with a properly designed control 
system, the command for each such mo­
tion produces only that motion and not the 
other two. 

The synthesis is based on the concept 
of real-model following, according towhich 
the controls force the airplane to respond 
as an ideal mathematical model of the air-

ing in some cases. In addition, the vec­
tors of synaptic-connection weights pro­
duced by this procedure are guaranteed 
to lie in a subspace that is orthogonal to 
the anticipated noise components. 

This work was done by Robert 0. 
Shelton of Johnson Space Center. For 
further information, Circle 99 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, Johnson Space Center [see page 
18}. Refer to MSC-21625. 

plane would respond to commands from 
the pilot. The model dynamics are simulat­
ed in the flight computer, and the airplane­
control signals are generated from a com­
bination of commands, model states, and 
measured airplane attitude angles and 
rates of change of these angles. In es­
sence, the pilot controls the computer, and 
the computer controls the airplane. 

The feedforward gains chosen are those 
that would cause the airplane to follow the 
model perfectly under conditions reported 
in a previous paper. Even though perfect­
model-following conditions are not attain­
able in practice, the use of perfect-model­
following feedforward gains can restrict 
the error between the model and the air­
plane to a small region of state space. 

The feedback gains are obtained through 
eigensystem assignment, based on the in­
terpretation of performance specifications 
in terms of desired closed-loop eigenval­
ues and eigenvectors. The experimental 
data on the handling qualities of the 
airplane can be used to obtain the desired 
locations of the poles in the complex­
frequency plane. Using rules derived by 
previous authors, eigenvalues and the as­
sociated eigenvectors are selected and 
partitioned into specified and unspecified 
components. 
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The procedure was used to synthesize 
control signals in a computer simulation, 
based on linearized equations of motion, of 
the oblique-wing airplane. The simulated 
system was then tested in terms of the re­
sponse to the application of a 1-degree 
elevator (pitch) or aileron (roll) command 
for 2 seconds. The open-loop (controls alf 
plied without decoupling) response to the 
pitch command included a significant yaw 
rate and roll angle, indicating significant 
cross-coupling. Similarly, the open-loop 
response to the roll command included 
pitch and yaw rates. However, in the 
closed-loop (decoupling) condition, cross­
coupling was nearly eliminated, and the 
system followed the desired model closely. 

This work was done by Robert W Kempel 
and Joseph W Pah/e of Ames Research 

Center and Gurbux S. Alag of Western 
Mich~an University. Further information 
may be found in NASA TM-86801 [N86-
26339]. "Decou piing Control Synthesis for 
an Oblique-Wing Aircraft. " 

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-11751 

Progress Toward Automated 
Cost Estimation 
Continuing efforts to integrate 
ACE with CAD are described. 

A report discusses continuing efforts to 
develop a standard system of automated 
cost estimation (ACE) combined with 
computer-aided design (CAD). The obvious 
advantage of such a system is that time 
can be saved and accuracy enhanced by 
automating the extraction of quantities 
from design drawings, the consultation of 
price lists, and the application of cost and 
markup formulas. An integrated CAD/ACE 
system would not only make it easier to 
arrive at cost-effective designs but would 
also decrease the cost of the cost-estima­
tion process itself. 

Following introductory remarks, the re­
port summarizes the background and his­
tory of CAD/ACE from the year 1963 to the 
time of the report (April 1990). The story 
begins with the use of computers in de­
signing, planning, and scheduling the con­
struction of the Vertical Assembly Building 
at Kennedy Space Center - the largest 
building in the world at the time of con­
struction. It continues through early efforts 
to introduce computer cost-estimating sys­
tems, the lessons learned in those efforts, 
and the evolution of criteria for the devel­
opment of an ideal integrated CAD/ACE 
system. 

NA~A Tpr.h Bripff> Anril HHl:;> 

The history includes specific examples 
of the use of computers in estimating the 
costs of large projects, with ever increas­
ing refinement and attention to detail, il­
lustrating the development of increasing­
ly sophisticated CAD/ACE. Examples of 
present cost-estimating practices and com­
puter cost-estimating systems illustrate the 
current state of the art. Anticipated future 
practices and computer systems being de­
veloped to implement them are described 
briefly. 

The report concludes with a summary 
list of problems, difficulties, and challenges 
in the further development of CAD/ACE. 
The list includes such items as the need 
for (and obstacles to) standardization, the 
difficulties of extracting ACE data from 
CAD data, training users, the need to make 
CAD/ACE easier to use, the high initial cost, 
the need for customization, and the need 
for a totally integrated CAD/ACE software 
and hardware. 

This 'hOrk was done by Joseph A. Brown 
of Kennedy Space Center. To obtain a 
cop! of the report, "The Challenges in De­
velopment of Automatic CAD for Govern­
ment and Aerospace Construction Cost 
Estimating Systems," Circle 1 on the TSP 
Request Card. 
KSC-11578 

Experience the be t of space, 
featuring a full -scale space shuttle 
and over 1500 pieces of rocketry. 
It's all here at the world's large t 
pace and rocket attraction: dozens 

of hands-on exhibits, an inspiring 
Omnimax"l' movie shot by astronauts, 
a tour of ASA' Marshall Space 
Flight Center, and much more! 

u.s. Sp@ce& 
Rocket Center 

NI\SI\ Visitor's Center' U.S. SPACE CAMp® 
Huntsville, AL· Call 205-837-3400 for a free brochure 
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Release the Mainframe 
Power in Your PC 

with 
GAE- GRAPH I C51 PC 

:> A versatile graphics subroutine library 

for microcomputer_ 

:> Interfaces with over 120 common 

graphics devices. 

:> Fortran- and ( -compatible package 

that provides routines to generate x:y 

charts, surfaces, contours, 2- and 3-

dimensional designs. 

:> Supports (A-DISSPLA graphics 

routines for portability reasons. 
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Galaxy Applied Engineering. Inc. 
1818 Gilbreth Road. Suite 234 
Burlingame. CA 94010 

Call GAE today for more 
information! 

Tel : (415) 259-7955 
Fax: (415) 259-7942 
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New on the Market 

The new I-Step motor controller 
developed by Anorad Corp., Haup­
pauge, Y, uses a smoothed trap­
ezoidal velocity profile and reso- Freestanding "white" diamond wa­
nant frequency instability compen- fers are available from orton Co., 
sation to maximize torque and ve- Northboro, MA, in sizes up to 4 
locity. Available in single- and multi- inches in diameter and 1 millimeter 
axis configurations, themodulecom- thick. White diamond, the purest 
bines a programmable indexer with form of diamond manufactured by 
a high-efficiency, bi-polar PWM the chemical vapor deposition pro­
drive thatoperates directly from 115 cess, offers improved optical and 
or 240 vac. Advantages include use thermal management performance 
of a software language to allow step/ characteristics. The wafers are suited 
servo interchangeabili ty and dual f . f ed d . . d The industry'S first laser copier/plot- or In rar an mlcrowaveWIn ows 
servo amplifiers to control the two- I' t' h t . ter system has been introduced by app Ica Ions, were ransparency IS 
Phase step motor. d . d d f h t' k d I Oce-Bruning Inc., Itasca, IL. The eSlre ,an or ea Sin san e ec-
Circle Reader Action Number 784. . b h h I muitifunctional7700D featureshigh 1--------------1 tronlc su strates, were t erma 

copy quality at400 DPI, fastthrough- conductivity is critical. 
put of 12 D-size copies per minute, Circle Reader Action Number 798. 

and up to 999 copies from a single The PGl ToolKit from AnSoft Inc., 
scan. It can plot CAD drawings from 
a variety of host output formats in- Laurel, MD, is a set of graphics 
cluding HPGl, CAlCOMP906/907, libraries for generating high-resolu-
and VERSATEC RASTER. An ad- tion printeroutpul. The software pro-

Applied Electron Corp.'s Quantrad 
Sensor Division, Santa Clara, CA, 
has designed an innovative liquid 
analyzer for the detection and spec­
troscopic identification of radioac­
tive particles in liquids. The system 
employs proprietary silicon detector 
technology and a unique sensor de­
sign that allows alpha-particle-emit­
ting radionuclides to attach them­
selves to the face of the detector, 
yielding spectroscopic identification 
of the radioactive isotope. The sys­
tem features a multichannel ana­
lyzer workstation operating under 
Microsoft Windows 3.0 for data ac­
quisition and analysis. 
Circle Reader Action Number 790. 

vanced image edi ting system pro- Vicon Industries Inc., Melville, NY, vicles support for six major program­
vides on-line cut and paste options, has introduced a 24-hourtime-lapse ming languages: C, BASIC, Pascal, I---------------l 
. I d' . . . d ' videocassette recorder. It features FORTRAN, Clipper, and ASSEMBLY, Export Hotline, an information ser-
in C u Ing mirror Imaging an Image . I d' d (12 as well as 32-bi t support for C and 
overlay, deleting, and shift. two tlme- apse recor Ing mo es vice to help US businesses launch or 
Circle Reader Action Number 782. and 24 hours) and two continuous FORTRAN. The libraries can stand expand their export sales, has been 

I-_____ ~-_---.....---j modes (two and six hours), all of alone or be integrated with screen introducedbyAT&Tandseveralmul-
Digital Equipment Corp., Maynard, whichofferaudiorecordingand play- graphics libraries such as Borland tinational corporations. Supported 
MA, has announced the Alpha open back. The screen displays time, date, BGI and Microsoft Graphics. PGl by the US DepartmentofCommerce, 
computing architecture. Intended day, recording mode, alarm number ToolKit sells for $195. the 24-hourfax information retrieval 
to serve as the foundation for the and incidents, and power outages. Circle Reader Action Number 788. system offers access to a database of 
company's computing technology Circle Reader Action Number 786. r~-------::-------I current information on 50 key indus-
into the next century, Alpha is a 64- f-A-no-v-e-I- m-ea-s-u-re-m- en-t-te-c-h-no-I-o-g-y'" tries of all major US trading partners. 
bit RISC architecture optimized for from Rosemount Inc., Burnsville, The typical report is 5-1 0 pages long 
speed, engineered to support mul- and includes details on trade issues, MN, uses infrared radiometry to 
tipleoperatingsystems, and designed detect windshear and clear air tur- investment incentives and barriers, 
to increase performance by a factor bulence (CAD encountered by air- key contacts, and shipping. Theonly 
of 1 000 over its anticipated 25-year craft. The Windshear/CAT Predic- expense to the user is the fax charge. 
life. Digital has released the first Circle Reader Action Number 794. tion System uses forward-looking 
Alpha product, the 21064-AA mi- infrared to measure air temperature 
croprocessor, a .75 micron CMOS- D P ' V I ST I' 'd and water vapor concentrations in u ont s new espe po y,m, es 
based super-scalar, super-pipelined front of the aircraft. It provides offer ultra-high operating tempera-
process using dual instruction issue I f " d d 
and a 150 MHz cycle time. warning of windshear events, in- tures, ow nctlon an wear, an 

cludl'ng wet and dry ml'crobursts excellent creep resistance. They can 
Circle Reader Action Number 800. ' 

f--~~~~--~~------I and CAT four to six minutes before operatet0315°C, with excursions to 
BICC-VERO Electronics, Hamden, an encounter. 540° C. The parts have higher tensi Ie 
CT, has introduced a cost-effective Circle Reader Action Number 780. strength, better hydrolytic stability, 
six-layer VMEbus monolithic 1---------------1 and greater chemical resistance than 
backplane for high-volume, medium- the previous generation of poly-
to-high performance appl ications. imides and can be applied in aircraft 
AII-stripline construction provides engines, industrial machinery, glass 
low crosstalk levels, good protec- bottle production, and laboratory 
tion against ground bounce, and a instruments. 
125A capabi lity on the 5 v planes. Circle Reader Action Number 774. 

Circle Reader Action Number 796. The first optical tape recorder has 
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InterpointCorp., Redmond, WA, has 
announced a line of DC-DC con­
verters with a power density rating 
of 70 watts per cubic inch. The con­
verters provide up to 100 watts of 
output power in a case measuring 
just 2.5" x 1.5" x .38". An advancf!d 
magnetics control system called 
Asymmetrical Power Transfer mini­
mizes losses in the transformer. 
Circle Reader Action Number 778. 

been announced by Metrum Infor­
mation Storage, Denver, CO. The 
new H D-l 000 can store 1 terabyte 
(1000 gigabytes) of data on a single 
reel of optical tape, equivalentto the 
storage capacity of 5000 magnetic 
tapes or 2000 5-1/4" optical disks. 
Potential applications include telem­
etry and satell ite downloading, stor­
ing and transcribing large data files. 
remote sensing, and medical and 
geophysica l imaging. 
Circle Reader Action Number 792. 

The DT2839 analog and digital I/O 
board and DT2896 96-channel ex­
pander board from Data Translation 
Inc., Marlboro, MA, are optimized 
for sampling from 1 to 224 input 
channels at very high speeds (224 
kHz to 1 MHz). They can be config­
ured tosample32 inputsatan aggre­
gate rate of 416 kHz for aerospace, 
automotive, and neuroscience ap­
plications. Control features include 
analog threshold triggering to start 
acquisition and variable scan to au­
tomatically sample different chan­
nels at different rates. 
Circle Reader Action Number 776. 

NASA Tech Briefs, April 1992 



New on the Market 

A new series of low-cost infrared 
line scanners from Raytek I nc., Santa 
Cruz, CA, provides uniform tem­
perature ana lysis and closed-loop 
control of continuous fl ow processes. 
The Thermalert Multipoint series fea­
tures accurate and dependable 
noncontact sensing, measuring up 
to 256 points per scanned line, 10 
lines per second, across a 90 degree 
field of view. It is suited for tem­
perature maintenance in continu­
ous flow web processing of plastics, 
glass, metals, or textiles. 

HEM Data Corp., Southfield, MI, has 
released Snap-Master Analysis soft­
ware for Microsoft Windows 3.0 and 
3.1. A stand-alone analysis package 
for engineers and scientists, it in­
cludes arithmetic, trigonometric, 
logarithmiC, and statistical functions, 
as well as auto- and cross-correla­
tion, smoothing, threetypesof differ­
entiation, and five types of integra­
tion. Snap-Master's "Equation Build­
e," allows the userto construd simple 
or complex equations by pointing 
and clicking on the information 
needed. A simple tabular format as­
sists the user in defining and storing 
constants, equations, and algorithms. 
Circle Reader Action Number 772. 

The PCI-20501 C data acquisition 
boards from Intelligentlnstrumenta­
tion, Tucson, AZ, are the first to 
provide multifunction analog and 
digital I/O capabilities on one EISA­
standard board . Features include 
eight single-ended, l2-bit analog 
inputs; 1 MHz sample rate; 16digital 
I/O channels; and two DMA chan­
nels capable of one million transfers 
per second. The boards are suited for 
complex process automation, ma-Circle Reader Action Number 768. 1--------------/ chine-hea lth monitoring, vibration 
analysis, and audio processing. 
Circle Reader Action Number 766. 

GW Instruments, Somerville, MA, 
has announced two new speech and 
sound analysis products: Sound­
Scope/16, which turns a Macintosh 
" series computer into a CD-quality 
16-bit stereo sound worl,station; and 
SoundScope/8, a low-co~t, 8-bitver­
sion for use with entry-level Macin­
tosh computers. Both allow the user 
to record, play, edit, and view time 
waveforms and spectrograms, com­
pute frequency spectra and linear 
predictive coding, add pertinent I--------------..J 
notes, and create custom displays. Hewlett-Packard Co., Palo Alto, CA, 
Circle Reader Action Number 760. has released software that can qua-

druple in-circuit throughput on HP 
Sony Corp. of America, Park Ridge, 3070 board-test systems without 
NLhasintroducedanextremelysmail additional hardware. The new soft­
and lightweight four-channel GPS ware, called HP Throughput Multi­
receiverformilitary applications. The plier, allows users to test multiple, 
IPS-360 PYXISTM receiver calculates loaded printed-circuit boards simul-
3D position fixes indicating the user's taneously. Cost and time savings are 
precise latitude, longitude, altitude, achieved through a modular board­
and velocity. It operates in real time test system architecture that permits 
anywhere in the world. four testheads in a single sy~tem. 
Circle Reader Action Number 770. Circle Reader Action Number 764. 
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The CHASE NFPS1 near-field probe 
set from IBEX Group Inc., Somervi lle, 
Nl, is a complete diagnostic electro- I 

magnetic interference (EMI) probe 
kit for electrical and mechanical 
applications. The kit features three 
handheld probes, two magnetic and 
one electric, covering the frequency 
range of 9 kHz to 1 GHz. Used in 
conjunction with a spectrum ana­
lyzer or measuring receiver, these 
probes locale and qualify EMt 
sources, yie lding repeatable results. 
Circle Reader Action Number 762. 

ANVIL CASES ..• BUILT FOR 

AIR, LAND & SEA 
·IU.C.C. Ca911S - military application 
cases and containers meet or exceed 
the stringent testing of 
MIL-STD-810 

• A. T.A. ca.s meet or 
exceed the Air Transport 
Association specification 
3?O Category 1 standards 

• CuItom IIRIUring and designing available • Building quality C8IeI s1nc:111852 

Call Today For IIonIlntormation 
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noise control experts 
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LOWER prices, 

FASTER delivery, 
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BETTER performance, 
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Call AZ-USA Toll Free 
for a FREE brochure. 
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New Literature 

Free subscriptions to Linear Tech­
nologymagazine are available from 
Linear Technology Corp., Milpitas, 
CA. The latest issue provides advice 
on designing with the new LT1158 

I=========================j 'ow-vo'tage, half-bridge -channel 
MOSFET driver IC It also discusses 

Vacuum fluorescent, liquid crystal , 
and DC plasma displays are fea­
tured in a product selection guide 
from lEE, Van uys, CA. It contains 
charts illustrating differences be­
tween popular display technologies 
such as cost, power requirements, 
and ruggedness. Also covered are 
lEE's interactive touch panels, mini­
terminals, and data interfaces. 
Circle Reader Action Number 720 . . 

micropower NO converters, high­
efficiency regulators, a 12-bit data 
acquisition system, and a DC-accu­
rate Butterworth lowpass filter that 
requires no on-board clock. 
Circle Reader Action umber 71 6. 

A full-color brochure describes aero­
space manufacturing services avail­
able from Parkway Products Inc., 
Cincinnati, OH, including injection 

f--------------,--------------i molding, secondary machining, as­

National Instruments, Austin, TX, has 
published its 1992 catalog of soft­
ware and hardware products used to 
develop test, measurement, and in­
strumentation systems for automat­
ing aerospace engineering and 
manufacturing applications. The 
544-page catalog offers plug-in PC 
data acquisition boards, CPIB and 
VXI/MXI instrumentation interfaces, 
and Signal conditioning accessories 
for incorporation into custom sys­
tems on PC/XT/AT, Macintosh, Sun, 
DEC, and other platforms. Also fea­
tured is the company's application 
software, including LabVIEW 2, Lab 
Windows, and Measure. 

The new CPM series of DC servo 
motors is showcased in a brochure 
from IMC Magnetics Corp., West­
bury, NY. The motors use a high­
performilnce printed armature to 
achieve a thin profile package, high 
start/stop rates, and no cogging 
throughout the motor's speed range. 
The brochure provides mechanical, 
thermal, and electrical performance 
specifications for models ranging 
from 1" long!32 watts to 1.3" long! 
164 watts. 
Circle Reader Action Number 706. 

• 
AAVlD ENGINEERING, INC. 

sembly, and composite bonding. Park­
way specializes in molding jet engine 
and Oight hardware assemblies. 
Cirde Reader Action Number 702. 

A short-form catalog of automation 
components, published by Aromat 
Corp., New Providence, NJ, features 
laser analog sensors, triple-beam 
photoelectric sensors, multi-function 
timers, counters, limit switches, re­
lays, and starters. Operating speed, 
resolution, dimensions, and operat­
ing power and life are described, 
along with examples of applications 
and installation instructions. 

A new brochure offering technical Circle Reader Action Number 722. 
f-----------------j assistance in designing aluminum f---------------j 

EnAapoR Isl'Sp,e,cNia, 'htYasCpoumbIPI'sohseitdesa' n'ondveiar: electronic enclosures has been re- Tolo Inc., Santa Ana, CA, has re-

Circle Reader Action Number 712. 

leased by Aavid Engineering Inc., I d b h h' hi' h ' . 
view of the materials and technol- h bl ff ease a roc ure Ig Ig tlng Its 

Laconia, NH. T e pu ication 0 ers capabilities to design and fabri -
ogy used to solve noise, vibration, methods of reducing packaging cate metallic and nonmetallic aero-
and impact energy problems in OEM costs, improving product appear- I f 
product designs. Theeight-pagebro- ance, and extending system life. space structures. To o'smanu actur-
chure outlines strategies for energy- Layouts for multi-functional enclo- ingbotec~nologieS Iliednclhud~ six-axis, 
control problems ranging from limit- h hid ro tica Iy-contro ,ig -pressure 

sures emp asize mec anica an abrasive waterjet equipment for pre-
ing excessive noise and vibration in thermal characterl'sll'cs 
trucks to meeting high shock ab- . cision cutting; automatic and robotic 
sorption and cushioning require- f-C_ir_c_'e_R_ea_d_e_r_A_c_t_io_n_ N_u_m_b_e_r_7_1_0_'-I welding machines; and superplastic 

forming capabilities. 
ments in sporting goods. The Fiber Optic Data Communica- Circle Reader Action Number 724. 
Circle Reader Action Number 708. tions Forecast released by Elec­
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troniCast Corp., San Mateo, CA, pre­
dicts strong growth for the industry 
through the 1990s. North American 
consumption of fiber optic compo­
nents in data communications is 
expected to expand 13% per year, 
from $453 million in 1991 to $823 
million by 1996. Thestudy addresses 
declining military deployment of fi­
ber optic data links, increasing use 
of FOOl networks and high data rate 
lines, and trends in cable value share 
and distribution channels. 
Circle Reader Action Number 726. 

A 38-page catalog from Solitech, SI. 
Louis, MO, features a full line of 
electronic power and logic con­
trols, including SCRs up to 1200 
amps/600 volts and microproces­
sor -based sequencers and solid-state 
relays up to 100 amps/480 volts. 
Solitech also offers sub-panel mount 
on/off or proportional controls with 
optional digital displays, and RTD 
and therm istor sensors. 
Circle Reader Action Number 704. 

A free brochure from Illbruck Inc., 
Minneapolis, MN, details the fea­
tures and applications of ProSPEC 
Pyramid acoustical foam . The foam 
is a cost-effective means of control ­
ling sound in noisy office and indus­
trial plants. Available in 2' x 2' sheets 
and 2" to 6" thicknesses, the foam 
offers a seamless appearance and is 
easy to apply. 
Circle Reader Action Number 714. 

Polymer Corp., Reading, PA, has 
released a 20-page plastic bearing 
design manual. A training tool and 
design worksheet, the manual offers 
a basic review of thermoplastic de­
sign considerations. Property data 
and standard stock shapes of Poly­
mer Corp. bearings and wear mate­
rials are included. 
Circle Reader Action Number 718. 

Literature from Wiltron Co., Morgan 
Hill, CA, introducesthreeRF models 
to the 5400A family of scalar mea­
surement systems. The new models 
provide synthesizer/sweeper accu­
racy and frequency coverage from 1 
to 1000 MHz, 1 to 2000 MHz, and 1 
to 3000 MHz. The 20-page publica­
tion includes specifications and 
shows how this scalar analyzer pro­
vides a cost-effective solution for 
high-volume production testing. 
Circle Reader Action Number 728. 
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Do ou ne 
up to 7 arc second accuracy for video 
scanning, tracking or optic positioning? 

The AOM360D series provides the most precise 
azimuth/elevation positioning available for your application 
today. Here's why: 

You can have accuracies up to 1 arc second 
depending upon the transducer selected - choose 
from encoders, Inductosyn and resolvers. 

Velocity of 60o/sec is standard. 

Wobble to 1 arc second and orthogonality to 
5 arc seconds are available. 

Resolution and bi-directional repeatability to 
0.1 arc second are available. 

Backlash and hysteresis are eliminated due to the 
use of direct-drive samarium-cobalt DC motors and the 
absence of any gear trains. 

The U.K.: Aerotech, Ltd., phone (0734) 817274; FAX (0734) 815022 
Germany: Aerotech GmbH., phone (0911) 521031 ; FAX (0911) 5215235 
Switzerland: Semilas AG; phone 0041164 47 00 50; Fax 0041/64 47 00 72 
Italy: Samec; phone (02) 90 55 443; Fax (02) 90 52 665 
France: A.R.I.E.S.; phone (1) 46-57-41-71 ; Fax (1) 46-56-69-39 

Control is provided by the 
advanced UNIDEX' · 21 . 

Highly accurate rate control is achievable 
with optional low ripple tachometers. 

And that's not all! For details on this A. 
exciting new product, send for your ,~ 
AOM360D series brochure today. AERO i ECH~ 

AEROTECH, INC., 101 Zeta Drive, v.: 
Pittsburgh, PA 15238; phone (412) 
963-7470; Fax (412) 963-7459. AD0991EO 
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Designing against the clock? Then try our Block ... 

• 
• 
• 
• 
• 

Hypersignal-Windows ™ Block Diagram 
Advanced Simulation Software under Windows 3.0 

Data Flow Driven • Compatible with Hypersignal-Workstation 

Multi-Rate Applications including 
and other Hypersignal-Windows software 
applications 

decimation, interpolation, etc. 

Open Sof tware Architecture • Blocks can make use of DSP plug-in boards 
fo r algorithm acceleration 

New Blocks created using stal1.dard C • Flexible inteiface to allow virtually every 
Supports Dynamic Data Exchange algorithm application from classical telecol11 
(DDE) inteiface applications to Digital /mage Processing 

-

For more information, including VHS 
Demo Tape Request Form, contact: 

- - -- -- -------------- -------- -------------- -----
~---~-_=_======--=-.:-E --_===- -=--=--:.-~===== --=-- =-===== E ¥ 
-- -

Hyperception, Inc. 
9550 Skil1man LB ] 25 
Dallas, Texas 75243 

International Representatives: 

phone (2 14) 343-8525 
fax (2 14) 343-2457 
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