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Whats Driving Virtual
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Tektronix

Instrument Drivers.

From LabWindows®/CVI and LabVIEW®

irtual instrumentation is making “open systems” a the flexibility to optimize each driver to fit your own
‘ / reality. Today, engineers are integrating multivendor particular application.
instruments in cost-effective PC-based test systems.

Instrument drivers — software modules with which you can ===== Industry-Wide Acceptance

easily control your instruments — are driving the success of —wwaal LabWindows/CVI and LabVIEW have

open system development. When you choose LabVIEW or instrument driver libraries of more than 450

LabWindows/CV1I, you're aligning with the driving force instruments from more than 45 instrument vendors — so

behind virtual instrumentation — an open instrument dri- you can easily modernize your installed base of instru-

ver technology that makes multivendor systems a reality. ments. And, you'll be aligned with an industry standard. In
the VXI world, where emerging software standards ensure

Intuitive Instrument Control true interoperability, the VXIplug&play Systems Alliance

With an instrument driver, tedious instrument program- endorsed LabVIEW and LabWindows/CVI instrument dri-

ming tasks are replaced with simple, easy-to-use functions vers as core technologies for industry standardization.

for configuring and controlling instruments. Instrument

driver functions handle instrument command syntax, I/O Cut your instrument programming time in half

communications, and data conversion, with LabWindows/CV1

so you'll be up and running in and LabVIEW. For a

minutes. Plus, every LabVIEW and 7 N ATIONAL FREE demonstration

LabWindows/CVI instrument driver is ™ package, call

delivered in source code, so you have ’ INSTRUMENTS (800) 433-3488. (Uss. and Canada)

The Software is the Instrument®

Corporate Headquarters: 6504 Bridge Point Parkway * Austin, TX 78730-5039 USA » Tel: (512) 794-0100 * Fax: (512) 794-8411 * E-mail: info@natinst.com

Branch Offices: Australia 03 879 9422 « Austria 0662 45 79 90 0 « Belgium 02 757 00 20 » Canada 519 622 9310 » Denmark 45 76 26 00
Finland 90 527 2321 » France 1 48 14 24 24 « Germany 089 741 31 30 « Hong Kong 2645 3186 » Italy 02 48301892 « Japan 03 3788 1921 « Korea 02 596 7456
Mexico 95 800 010 0793 « Netherlands 03480 33466 » Norway 32 84 84 00 » Singapore 2265886 * Spain 91 640 0085 * Sweden 08 730 49 70
Switzerland 056 20 51 51 » Taiwan 02 377 1200 « U.K. 01635 523545

© Copyright 1995 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies.

Come to NI Week 95, July 23-28 For More Information Write In No. 600



SPECIAL VISUAL CADD OFFER! A
WHO SAYS
YOU CAN'T

BUILD
A BETTER
MOUSETRAP?

Open architecture,
fully programmable CAD
for under $500.
We've built it.
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Customizable, flexible CAD at a
reasonable cost. Impossible?
Not anymore.

Introducing Visual CADD 1.2, the
only open architecture CAD program
for Windows that lets you program
and customize as much or as little as
you need. No other CAD program
under $1,000 offers this flexibility—
including AutoCAD LT®.

Enjoy a familiar two-letter
command set for speedy input, a
huge viewing area for better visibility,
and full read-write capabilities for
AutoCAD® DWG and DXF files
(judged “best on the market” by

Visual CADD 1.2 Lets You:

e Create custom, event-driven, interactive commands with Computer Aided Engineering
Windows-supported languages like C/C++, Visual Basic, magazine, 1/95). Add our 60-day
Delphi and FORTRAN. money-back guarantee and free

* Achieve seamless integration with customized commands on technical support from some of the
menus, button palettes, and even keystroke combinations. brightest minds in the business,

* Add custom, private user data to Visual CADD'’s entities and you’ve got a powerful
and drawing environment. combination of cost and features.

* “Hot link” custom applications to a Visual CADD editing We call it Ultra Value.

session through DDE notification. And it’s only from Numera.

Never say never.

@umera’“

§i%0 -F- thwtatEis e

1-800-956-CADD

i HOME PAGE ADDRESS:
PR HTTP//WWW.NUMERA.COM/

COMMTIRLE

Numera Software Corporation * 1501 Fourth Avenue Suite 2880 # Seattle, Wa 98101 ¢ Voice 206.622.2233 » Fax 206.622.5382 » Compuserve 74774,532
© 1995 Numera Software Corporation. Visual CADD is a trademark of Numera Software Corporation. All other brand and product names are trademarks or registered trademarks of their respective holder.
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THE BREAKTHROUGH SCIENCE
BEHIND OUR NEW THERMACAM _

IR FPA CAMERA PUTS YOUR
SCIENCE WAY AHEAD.

What if you were designing break-
through capability and convenience
into R&D thermal analysis instrumen-
tation? You'd probably create a totally

portable, self-contained infrared imag-

ing system. One with 256 x 256 pixel,
full-screen temperature measurement,

a 12-bit dynamic range, and outstandmg

spatial resolution.

Well, consider it done.
Inframetrics’ ThermaCAM™
focal plane array radiometer | 2§
is a true performance and
portability breakthrough.
Weighing just six pounds
complete with integral power source,
ThermaCAM is the ideal solution for
scientific applications.

All registered marks and trademarks are property of their respective holders.

prRL Y

For scientific applications, in small
test chambers and constricted
[l settings, ThermaCAM's compact-
‘m%ww

And with just this rugged, palm-sized

sensor, you can take full IR measure-

ment and data storage capability

into the field.

Engineering the world’s smallest
radiometer began with the smallest
premn Cry0-cooler, Inframetrics’

patented Microcooler.
Optimized electronics,
custom ASICs, efficient
diffractive optics, and a
PCMCIA digital memory

inframetrics

For More Information Write In No. 520

card achieved breakthrough size

and weight reduction. There’s a full-
color LCD display/viewfinder, plus
remote and video links. And just

12 watts powers it all. Better still,
Windows®-based ThermaGRAM image
processing creates reports faster than
you thought possible, right on your
PC. Put ThermaCAM’s science to
work on your next breakthrough.
Call Inframetrics today: .«
(508) 670-5555. -

inframetrics

The Infrared Specialists
Corporate Headquarters Inframetrics Europe

16 Esquire Road Mechelse Steenweg 277

North Billerica, MA 01862  B-1800 Belgium

Tel: 508/670-5555 Tel: 32 2 252 5712

Fax: 508/667-2702 Fax: 358 200 740 760 or
322252 5388

© Inframetrics, 1995




@ CUT. FAX

RF & mlcrowave, power supplles,
,+ oscilloscopes, synthesizers,
o | environmental chambers, and more!
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| |
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One FAX could turn your excess gear into CA$ H!

{ 1-800-2-RAG-FAX ",

Mfg./Model | Serial# | Condition/Age Comments

It’s Easy. 9/ .

Just write down

what you have

and FAXt! Have more? Continue your list on additional pages.
Name Title
Phone ( ) Ext. # Fax #
Company Mail Stop
Address City State Zip

%“-%50%._« RAG’s New & Used
(L“ 7 ‘”’w FR E E Test & Measurement
M - Equipment Catalog
:,-- w a’:"j. s z {‘ 7 E @ i ; L
' RAG Electronics, Inc.

1- 800-396-3457

* 2450 Turquoise Circle, Newbury Park, CA )+ (805) 498-9933

Or just write your name and address in ; pm dend me
the space above and FAX this sheet to 7

1-800-2-RAG-FAX or

International FAX (805) 498-3733 mmfaga,

For More Information Write In No. 611



Complete

Containment for corrosive
and hard-to-handle fluids

PFA Fittings, Tubing, and Valves from
the SWAGELOK companies let you design
leak-tight systems from start to finish.

SWAGELOK® PFA Tube Fittings

B Leak-tight seals
with high pressure capability

M 1/4", 3/8", and 1/2" sizes
B Pressures to 275 psig

SWAGELOK PFA Tubing
W 1/4", 3/8", and 1/2" sizes
B 0.062"” wall thickness

B 50 ft. and 100 ft. lengths

SWAGELOK Groove Cutter

For grooving PFA Tubing used in
SWAGELOK PFA Tube Fittings.

© 1993 SWAGELOK Co., all rights reserved FS-0-018

WHITEY® PFA Valves Zf— .
Needle T = =

B Roddable, straight-through
orifice for easy cleaning
and high flow (Cy’s to 1.39)

W 1/4”, 3/8", and 1/2” SWAGELOK
Tube Fitting end connections

B Plug tip stem ensures leak-tight
shut-off and offers flow control

B Positive stem stop prevents
accidental disassembly

B Panel mountable

B Patented stem seal eliminates
leakage and requires less
operating torque

M Pressures to 180 psig

B Temperatures to 300°F

For More Information Write In No. 577

Grooved
PFA Tubing
for leak-tight seal.

No visible gap between
nut and body hexes - with
hexes aligned -ensures
proper makeup.

Plug
B 1/4 turn actuation

B Easily cleaned or purged
M Full flow design (Cy =1.8)
B Compact

W 1/4" SWAGELOK Tube Fitting
end connections

B Pressure rating 60 psig
B Temperatures to 200°F

Suaspe

the I =
SWAGELOK

companies

SWAGELOK Co.
Solon, OH 44139




W —DIGI-KEY:-Your Ultimate Source
' For Quality Electronic Components!

* #1 for Availability of Product

« #1 for On-Time Delivery 701 smoksAv: So:l'f; ZI'eggsl:erFaﬂs Mlvsﬂ‘ g |
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Quartz upside-down integrated device (QUID) process planar
GaAs Schottky-barrier diode pairs from Jet Propulsion
Laboratory are fabricated as integral units on a quartz sub-
strate. The Schottky contact is formed on lightly doped GaAs,
which is on top of a heavily doped GaAs layer for ohmic con-
tacts. Designed to operate as mixers in a waveguide circuit at
millimeter and submillimeter wavelengths, these integrated cir-
cuits are larger and thus easier to handle and mechanically
more robust than the planar Schottky diode, and the quartz
substrate is more suitable for waveguide circuits than the GaAs
substrate. Turn to the brief on page 32.

Photo courtesy of Jet Propulsion Lab
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The Only 35 GB Tape Drive
With Fast SCSI Compression

18'.2

: _.m‘m Remaining 11% KBfS 88.3 %

All tape subsystems are not created
equal. Only the CY-8505 can give you
capacity of up to 35 GB and transfer
rates as fast as 90 MB per minute.

That's because the CY-8505 is the
only tape subsystem that features
switch-selectable, Fast SCSI Compres-
sion. So you get the highest perfor-
mance possible — and the lowest cost
per megabyte.

A MTBF of 160,000 hours ensures
reliability. The bit error rate of less
than 1in 10
A backlit display gives you complete
status information, including command
under execution, transfer rate, com-
pression ratio, tape remaining, and
more.
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Our CY-CHS10A features two tape drives and can store

up to 385 GB on eleven tapes— without tape handling

7 is the best in the industry.

The CY-8505 is the most advanced
tape subsystem on the market, and it
offers the most innovative options.

True Compatibility With:

Aliant DECTUTAS!  NCR Siicon Graphics
AphaMico  DECUnibus  NeXT S0

Altos GouldEncore  Novel Status
Apolo HP 082 Sun

Arx BM AS/400 PS2 Texas
AT&T {BM Mainframe  Paraliel Port Instruments
Basic-4 IBMRISC/6000  PC 386 Unisys
Concument ~ IBMRT PCMS-D0S Utimate
Convergent  1BMS/38 PC XenixUnix ~ Wang
DataGeneral  ICL Pertec Windows NT
DEC SCSI Intergraph PICK — andmore
DECBIBus  Macintosh Plexus

DEGDSSI McDonnell Prime

DEC HSC Douglas Pyramid

DEC Q-Bus

Motorola Sequent

Fast SCSI Compression can increase the
native 7 GB capacity by as much as
five times; Accelerated File Access (for
Unix systems) allows you to locate a
file in an average of 85 seconds; Data
Encryption lets you control access to
sensitive data through the use of

uniquely encoded card keys; and the
Advanced SCSI Processor allows mul-
tiple drives to work together in striping,
mirroring, cascade and independent
modes. You can even copy and verify
tapes off-line.

Compatible with virtually every
computer system and network, the
CY-8505 is available in a single or
dual desktop unit, in a rack mount
configuration, or as part of a tape
library system that can store as much
as 3 TB.

Backed by a two year warranty
and our responsive in-house technical
support group, the CY-8505 is fast
setting the pace in data storage.

For more information, call today at

(804) 833-9000.

ERNETICS

Tera One ® Yorktown, Virginia 23693 * Fax (804) 833-9300

For More Information Write In No. 504
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The nation's only facility for testing aeroelastic phenomenon is
the Transonic Dynamics Tunnel at Langley Research Center.
74 Mathematics and Information The 16-foot test section provides capability to Mach 1.2, and
Sciences uses 230,000-horsepower motors driving counter-rotating
- 3 . fans. The tunnel incorporates air or heavy gas as the test medi-
@ 74 R°b°t'9'veh'de Perception Control for um for force, moment, pressure, flow visualization, and propul-
Detecting Obstacles sion-airframe integration studies. For more on Langley's facil-
74  Planning Complex Projects Automatically ities and commercial opportunities, see the Resource Report
on page 16.

Photo courtesy of Langley Research Center
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A video training kit for Algor® Houdini™.
Learn how to use Houdini to automatically produce an 8-node “brick”
finite element model from a CAD solid model for analysis by any FEA
software.
5 Valuable techniques for Houdini users at any level:
g Begitneri : R Kit Contents:
earn the steps Houdini uses to W
autgrrlla.tic:‘[ally trl;l‘mh a Cilt\D s?.lijd " t:gimg/?,rigeg i
model into a high-quality, solid, o
8-node “brick” finite element model. 5 Igfes""”ﬁﬁjfrfe ‘,;Tg;'[‘.i
! 2-day Houdini class-
Intermediate: room seminar, both
Learn through a step-by-step printed and in Microsoft

demonstration about Houdini’s PowerPoint file format.

global controls for optimizing the | 3) A CD-ROM with the
models used in the

solid mesh. video for PCs and UNIX
workstations.
Advanced: 41 Viehoak® ot t
_r lewpak™ software to
Learn to use Houdini’s advanced examﬁne the models in
mesh manipulation capabilities detail on your computer
which help engineers deal with screen.
complex finite element modeling | gpional:
and analysis challenges. Files with the finite ele-
(e y ment models formatted
The World of Houdini adds value even if for specified FEA pack-
you have attended Algor’s 2-day Houdini ages may be pur-
classroom seminar. chased separately.

Order by Phone: North America: 1 =800-48 AL GO R (1-800-482-5467)

Europe: +44 (784) 442 246 « Tokyo: +81 03-3589-6148 « Others: +1 (412) 967-2700
Order by Fax: +1 (412) 967-2781

Card Holder's Name

Shipping & Handling Cost Schedule (US Dollars)
Authorized Signature ____ ERN o S

(3 wire transfer ABA Routing Code: 043000261 Video USA USA Next-| Canada Canada Al other
élccoum No.: 010-5064 Mellon Bank, Pittsburgh, PA USA QTy Reguiar day Air Regular (Air) Countries (Air)
Check enclosed (payable to: Algor, Inc.)
3 Purchase Order (subject to credit approval.) 1-2 $6.00 $25.00 $18.00 $25.00 $35.00
P. O. Number: 3+ please call for quotation

Ship to: (No P.O. boxes please) All prices are in US Dollars ~ QTY Price Total
& o Name L 10 : Video Training Kit(s)* $495.00
< § c Company____ 3 Optional file(s) Nastran $50.00
Y TR l on CD-ROM with i
o < O Q 0 dcives — models formatted for Ji i $50.00
T ? i o g o City R LI, e E ) FEA package(s) shown: Cosmos $50.00
g o 0 E AN iy (Must be ordered at the L Ty
oM = T3 R same time as the Video Patran )
o] ,g_ = UO, é . S A R N F il =T Dept. Training Kit.) Abaqus $50.00
= = k7 NTB795
(= Ry D Fax ()———— I-DEAS $50.00
h 5% o 88 = :
n S 9 ™ = i You Have Four Ways To Pay: ipping & Handling: (insert cost from schedule below)
< a 9 »w w = DCharge to Credit Card No.: Date Card Expires ___ Order Subtotal:
= >
3 8 = §. 8 % [ I l I I l l l l l I I I I l l I Sales Tax: (shipments to PAadd 7%; CT add 6%)
S &
-g .2 a <.( = MAmerican Express (TMaster Card (TVISA (1Diner’s Cub [ Discover ST
r A2 = R« K
QT ¢ o
o w © o 2
3Z0 EIH
w — - . (£
-_ OO0 T <
cEzg 2 8%
= (=]
T WO e = &
©
- ST 2
S a3 <
I <
L ]

* We will send the VHS format used in your country. Please call for Algor, Inc.
exception. Offer valid while supply lasts. © Copyright 1995 Algor, ’ 150 Beta Drive
Inc. T™M Trademark of Algor, Inc. Pittsburgh, PA 15238 USA
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Unlike your VCR, with this RECORDER, you won’t need
a PhD to know how to capture the next big event.

Yokogawa introduces:
True Technology Simplified, the OR1400 Oscillographic Recorder.

Fast, High-Definition Real-Time recording at Chart Speeds up to 250 mm/sec.
Capture that Big Event with sampling up to 100 KHz, 256 Kword/Ch. Memory

and 3.5-inch. floppy disk drive

Plug-in Architecture for flexible input signal handling: Voltage (DC, AC, RMS),

Thermocouples, Strain, Frequency, TTL/Switch Closure

Easy Operation through natural-language displays

e Compact, weighs only 18 Ibs., and it's even available in a rack-mount version

For More Information fill in and fax to 404-251-2088

Name: Phone:( )

Company:

S YOKOGAWA

or call us at 800-258-2552

Yokogawa Corporation of America, 2 Dart Rd., Newnan GA 30265 Yokogawa Corporation of America

For More Information Write In No. 508
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Thermal imaging-using detection of
the infrared radiation we commonly
call heat to create visual patterns in
the absence of visible light-sprouted on
the battlefield from the need to track the
enemy's movements at night. But with the
maturation of night vision technology has
come a parallel development of applica-
tions in the commercial and industrial sec-
tor. FLIR Systems Inc. is an example of a
company that has managed to continue
technical strides along both tracks.
Founded in 1978, the company had its
origins in public safety: its early customers
were police and fire departments, employing
FLIR units for surveillance in darkness,
adverse weather, smoke, and haze, as well
as for airbome detection. One of its early
major investors was the Louisiana Pacific
Railway, which used the company's prod-
ucts to search for forest fires along its routes.
As the 1980s progressed, manage-
ment began to look beyond applications
calling for expensive devices with limited

resolution. They envisioned a broader
range of products that combined price
and performance configured for industri-
al as well as military and public-safety
customers. By 1993, when FLIR
Systems "went public,” it had developed
thermal imaging devices for industrial
predictive and preventive maintenance,
nondestructive testing and evaluation,
research and development, and manu-
facturing process control and monitoring.

But when FLIR Systems began to
expand, it recognized certain limitations.
According to Greg Love, vice president
of the company's Industrial Division,
FLIR's staff needed expertise in instru-
ment portability and detector technology,
as well as knowledge of sales channels
and the experience necessary to exploit
them. As chance would have it, a ready-
made opportunity to acquire what was
needed was at hand.

Among the contenders in the industri-
al marketplace was Hughes Aircraft, a

Schematic of a typical mechanically scanned imaging system.

The much simplified optical path of FLIR Systems' Prism series, incorporating

staring focal-plane array technology.
14

subsidiary of which had developed a unit
suitable for use in industrial applications
as part of a NASA-sponsored research
project. Called Probeye, the technology
soon found niches in process monitoring,
failure analysis, and medical diagnostics.

In what Love calls a "win-win situation,”
Hughes sold the Probeye assets to FLIR
Systems in 1990. With them came the
detector-design and sales expertise FLIR
needed, in the form of experienced staff.
Sufficient research and development
funds were at the disposal of the group,
and within a few years FLIR Systems had
attained a leadership position in handheld
thermal imaging technology.

Incremental Innovation

Industrial thermal imaging traditionally had
been as much art as science, based upon
the experienced user's interpretation of
crude distinctions between levels of heat.
But through a series of steps embodied in
its Prism Series of thermal imaging cameras,
FLIR Systems brought increased sophisti-
cation to shop-floor instrumentation.

The Prism Series incorporates focal-
plane array technology developed by the
team formerly at Hughes. Among the
many benefits it confers on thermal imag-
ing devices are the advantages of solid-
state technology: platinum silicide detec-
tors in a charge-coupled device (CCD)
configuration. Gains in both performance
and portability can be achieved without
cost increases of the magnitude that
might have been expected previously.

In the Prism DS (digital storage), FLIR
Systems' newest-generation camera,
78,000 detectors are amanged in a 244 x 320
pixel staring focal-plane amray (FPA). FLIR
Systems says this results in an image that
retains clarity and resolution even when pan-
ning or imaging fast-moving objects.

By replacing the previous mechanical
design, the FPA eliminates a number of
elements that can inhibit resolution: there
are no moving parts, no motors, servos, or
galvanometers, and no bending, shaping,
or focusing mirrors. Furthermore, detector
dwell time can be as much as 16,000 times
as long as on a scanning camera's sen-
sors. Elimination of scanning also greatly
simplifies the optical path, reducing
weight-the Prism DS weighs just 7 Ibs.—and
size and lowering component costs.

On-camera digital storage capacity is a
minimum of 30 images. Images and tem-
perature data are stored on PCMCIA
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cards, and are transferred easily to a PC,
where they can be postprocessed with the
optional AnalyzlR™ image analysis soft-
ware. This capability enables isotherms,
image subtraction, time-vs.-temperature
trend analysis, and much more. The oper-
ational range of the Prism DS extends from
-10 °C to 1500 °C, and its modest power
consumption enables it to be operated on
battery, vehicle, or AC power sources.

Today, FLIR Systems' thermal imaging
devices find applications in testing break-
ers and motors for defects, examining
fiber optic cable before it is laid on the
ocean floor, and evaluating prototypes of
integrated circuits. These and other
applications should assure FLIR Systems
a major role in thermal imaging's growing
reach in the future.

FLIR Systems' products will be on dis- p : 5 :
play at Booth 604 at the Technology 2005 A pseudocolor thermal image of the exhaust manifolds of one side of an automobile

engine, captured with FLIR Systems’ equipment, showing heat-affected zones during

Conference and Exposition, October 24-  gperation.

26 at McCormick Place, Chicago, IL.
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Resource Report

Langley Research Cenler

ASA's history of aeronautical
Nresearch—and the modem space

fight program-began at Langley
Research Center in Hampton, VA more than
75 years ago. Originally named Langley
Memorial Aeronautical Laboratory for aero-
nautical pioneer Samuel Pierpont Langley, it
was the nation's first government-run civil
aeronautics laboratory. Langley was estab-
lished in 1917, but did not begin conduct-
ing research for the National Advisory
Committee on Aeronautics (NACA)-
NASA's predecessor—until 1920.

NACA's mission was "to supervise and
direct the scientific study of the problems
of flight, with a view toward their practical
solution." The Committee decided that
Langley's research priority should be aero-
dynamics. With the construction of three
unigue wind tunnels—the Variable Density
Tunnel in 1922, the Propeller Research
Tunnel in 1927, and the Full Scale Tunnel
in 1931-Langley became the world leader
in wind tunnel design and research. This
fact was affirmed by numerous accolades,
including the 1929 Collier Trophy. The
Collier, awarded annually “for the greatest
achievement in aviation in America," was
presented to Langley for its work on
engine cowling, which revolutionized air-
craft design in the 1930s.

From the start, NACA intended for
Langley to form a strong relationship with
the fledgling American aircraft industry. In
1926, Langley hosted NACA's first joint
conference with aircraft manufacturers' rep-
resentatives and operators. This event pro-
vided a vital forum for the exchange of infor-
mation and technology between industry
and NACA-Langley's first successful
attempt at large-scale technology transfer.

In subsequent decades, Langley con-
tinued its pattern of developing innova-
tive research facilities and conducting
pioneering work in aerodynamics and
flight research. Four more Colliers were
awarded over the years. Especially
notable is Langley's work in high-speed
flight (beginning in the transonic region,
and eventually expanding into superson-
ic and hypersonic areas), which led to the
development of laminar flow airfoils, the
swept wing, and the variable sweep
wing. This work proved vital in the evolu-
tion of space flight.

In 1958, President Eisenhower signed
the National Aeronautics and Space Act
which transferred NACA's research, lab-
oratories, and budget into the newly-
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formed National Aeronautics and Space
Administration. That year, Langley began
what would be a pivotal role in the space
program by serving as the training center
for the original seven astronauts in
Project Mercury, the first manned space-
flight program. Langley subsequently
provided spacecraft design and testing,
flight concept development, and mission
planning for the Gemini, Apollo, and
Skylab manned programs. Unmanned
programs such as the Viking Mars pro-
ject, the Explorer spacecraft, the Echo
Communications Satellite, the Lunar
Orbiter, the Scout launch vehicle, and the
Long Duration Exposure Facility also
were supported at Langley.

Today, Langley serves as one of the
nation's preeminent research centers,
sharing aircraft runways, utilities and other
facilities with adjacent Langley Air Force
Base. More than half of Langley's current
efforts are focused on basic research in

Langley's 20-foot Vertical Spin Tunnel is
the only operational spin tunnel in the
Western Hemisphere. Used to test spin-
ning and tumbling characteristics of aero-
space vehicles, the tunnel features a 12-
sided, 20'x25' test section. Langley tests
American military fighters, attack planes,

primary trainers, bombers, and most
experimental aircraft in the facility.

aeronautics, such as the improvement of
current aircraft, and concept and technol-
ogy development for future aircraft.
Langley resources include more than 45
wind tunnels, research facilities, testing
techniques, and computer modeling
capabilities to study aerodynamics, struc-

tures, materials, acoustics, flight systems,
spacecraft analysis, information systems,
and atmospheric sciences. Langley
researchers continue to improve airborne
systems to enable aircraft to operate more
efficiently in crowded terminal airways and
in all types of weather.

Avionics Research

Langley serves as lead center for
NASA's High-Speed Research (HSR)
program, which addresses the high-risk
technologies needed for an advanced
supersonic aircraft. The program is
designed to produce the technology for
an economically viable, environmentally
acceptable High-Speed Civil Transport
(HSCT) supersonic airliner. HSCT models
are being tested in Langley's National
Transonic Facility at temperatures as low
as -157° C. The cryogenic testing
enables simulation of conditions
approaching those of full-scale flight.
Langley's 14'x22' Subsonic Tunnel is
used to simulate takeoff and landing con-
ditions for a 19" test model of the airliner.

Langley's 20' Vertical Spin Tunnel, the
only operational spin tunnel in the Western
hemisphere, has been in essentially con-
tinuous operation since 1941. All American
military fighters, attack airplanes, primary
trainers, and bombers, and most experi-
mental airplanes are tested in the facility.

Langley also houses a modified Boeing
737 called the Transport Systems
Research Vehicle (TSRV). The TSRV has
been used for flight testing of NASA and
industry sensors designed to detect wind
shear, the sudden shift in wind velocity and
direction that has caused nearly 40 per-
cent of U.S. airline fatalities in recent years.
The first flight of a sensor that can predict
wind shear took place on a Continental
737-300 flight in November 1994.

As a complement to the TSRV, Langley
developed the Cockpit Weather Infor-
mation (CWIN) system that displays live,
ground-based weather data not available
on current commercial aircraft. It features
a color graphical display and touchscreen
overlay. A digital system for communica-
tions between the aircraft and the ground
is established, enabling graphical weather
data to be broadcast to all aircraft in flight.
Langley is seeking commercial partners to
develop products incorporating the CWIN
system, which will be tested on a number
of domestic commercial flights through
the end of 1995.
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Langley also conducts research into
atmospheric sciences, focusing on devel-
oping an understanding of Earth's atmos-
phere and the impact of human activity.
Developing improved techniques for
remote monitoring of atmospheric pro-
cesses and monitoring Earth's radiation
are important components of this program.

The center has logged 60,000 wind
tunnel test hours evaluating flying charac-
teristics, wing shape, structure, aerody-
namics, materials, flight control and guid-
ance, and thermal protection of the space
shuttle, and on design studies for space
station activities. Further, Langley has
contributed to the conceptual design of
the Earth Observing System (EOS), the
first stage of the international Mission to
Planet Earth. EOS incorporates a network
of up to five equatorial-orbiting and four
polar-orbiting research satellites, designed
to advance knowledge of the Earth's sys-
tems on a global scale.

A Tradition of
Technology Transfer

To maintain its 70-year tradition of tech-
nology transfer to industry, Langley formed
the Technology Applications Group (TAG)
in 1994 to match promising NASA
research with U.S. businesses. Since its
inception, TAG has initiated more than 30
patent license negotiations between
Langley and commercial businesses, and
more than 70 partnering agreements.

Among the successful partnerships
formed through TAG is Langley's develop-
ment and subsequent commercialization
of an electromagnetic, nondestructive
evaluation technology that was licensed
to Krautkramer Branson of Lewistown,
PA. The company acquired the technolo-
gy from Langley in September 1994, and

released to the market in March 1995 the \*

CrackFinder, a handheld device that
detects surface-breaking cracks in alu-
minum, steel, and most other metals. The
technology originally was developed at
Langley to detect fatigue cracks in aircraft,
and now has new commercial applica-
tions in detecting corrosion, gauging coat-
ing thickness, and analyzing characteris-
tics of conductive coatings.

Another TAG agreement, with Aura__

Ceramics of Minnesota, includes the man-
ufacture of Reduced and Internally Biased
Oxide Wafer (RAINBOW) piezoelectric
ceramics. Aura was granted an exclusive
license to manufacture RAINBOW materi-
als, and has marketed the materials since
1993. The wafers can be used commer-
cially to enhance the performance of trans-
ducers in loudspeakers and microphones,
and in ultrasonic generators, sensors,
optics, motors, fans, and other systems.
An important function of TAG is to pro-
vide a distribution channel for Langley's
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software technology. It also serves as a
mechanism for users to provide feedback
on the value of the technology, which ulti-
mately could affect Langley's future soft-
ware commercialization efforts. The
Langley Software Server (LSS) allows
software developers to include a descrip-
tion of their program in the form of a
searchable abstract, and to offer the soft-
ware via the Internet from a central
source, provided no distribution restric-
tions apply. Through the LSS, Langley
can distribute software to a greater num-
ber of users than ever before—24 hours a
day, seven days a week.

The LSS is available on the World

and national businesses. Virginia's
Center for Innovative Technology (CIT) in
Herndon signed an agreement with
Langley that will help CIT identify busi-
nesses in the area that could benefit from
NASA technology. The agreement,
according to TAG Director Charles
Blankenship, is an example of how
Langley is broadening its mission to
transfer NASA technology to the local
community, the state, and the nation.

In May, Langley signed a five-year
memorandum of understanding with the
Minority-Owned Business Technology
Transfer Consortium, a not-for-profit
organization whose member firms are at

Langley's Differential Maneuvering Simulator incorporates helmet-mounted display
technology to simulate air-to-air combat. The simulator has two 40-foot diameter pro-
jection spheres wtih a cockpit in each. Wide-angle projection systems in each sphere

Wide Web (WWW), and is accessible
from several WWW pages—including the
Langley Home Page-or directly, at
http://www.larc.nasa.gov/LSS/.

Langley promotes technology transfer
through the Technology Opportunities
Showcase (TOPS), a three-day exposition
held in 1993 and 1995 to develop part-
nerships primarily with non-aerospace
businesses. Among the exhibits featured
at TOPS were development activities in
various disciplines, exhibits outlining ele-
ments of Langley research projects, and
Langley-supported Small  Business
Innovative Research (SBIR) program con-
tracts. TOPS 1995 produced 2,600
requests for follow-up information, includ-
ing 64 businesses with immediate interest
in licensing patents, and 233 that request-
ed near-term follow-up discussions.

Since TOPS 1995 in April, Langley
has signed two important agreements
designed to transfer technology to local

5 present Earth scenes, sky scenes, and images of additional aircraft to the pilot.

least 50% minority-owned. Under the
agreement, NASA and the consortium will
identify established and start-up minority
firms that are candidates for technology
commercialization and partnerships. The
consortium and Langley each will be
responsible for their own work and
expenses, with no exchange of funds.
Langley will help determine the best part-
nering vehicle, such as patent licensing
and memorandums of agreement, for
teaming the center with individual busi-
nesses. The center also will help with new
product market analysis, foster joint ven-
tures, help identify future capital, and pro-
vide follow-up assistance.

For more information, contact Charles
Blankenship, Director, Technology Appli-
cations Group, Langley Research Center,
11 Langley Blvd., MS 118, Hampton, VA
23681-0001; Tel: 804-864-6005; E-mail:
c.p.blankenship@Iarc.nasa.gov.



Precise Time-Tag
Generator for a Local-
Area-Network Monitor

A new circuit provides greater preci-
sion for monitoring and analyzing the
performances of hardware and software
in a complex data-processing system.
Time information is accurate to 1 s, as
opposed to 1 ms on conventional com-
puter networks. (See page 42.)

Tool for Driving Many
Fasteners Simultaneously

A proposed tool would simultaneously
tighten or loosen a number of bolts,
screws, or nuts that are arranged in a cir-
cle on, for example, compressor heads,
automobile wheels, pipe flanges, and
similar parts. (See page 24.)

further on the referenced page

New Product Ideas

Superconducting Field-
Effect Transistors

Evaluation of these devices as electron-
ic switches in delay-line-type microwave
phase shifters reveals significantly faster
switching speeds than from semiconduc-
tor counterparts, very large ratios between
“open” and “closed” resistances, and
readiness for integration with supercon-
ducting waveguides. (See page 38.)

Preheating Water in the
Covers of Solar
Water Heaters

A relatively simple redesign using a
double-layer glass cover will allow the
incoming water to be preheated and
thus increase the efficiency of solar water
heaters. (See page 51.)

information by requesting

New Product Ideas are just a in the appropriate the TSP referenced at the
few of the many innovations section in this issue. If you end of the full-length article
described in this issue of NASA are interested in developing a or by writing the Commercial
Tech Briefs and having product from these or other Technology Office of the
promising commercial NASA innovations, you can sponsoring NASA center
applications. Each is discussed receive further technical (see page 20).

Active-Pixel Image Sensor
With Analog-to-Digital
Converters

A proposed single-chip integrated-cir-
cuit image sensor would contain a 128 x
128 array of active pixel sensors at a
50-pm pitch. The sensors are designed
to operate at a video rate of 30
frames/second, even at low light levels.
(See page 37.)

Temperature
Measurements Reveal
Accretion of Ice on Airfoils
This method detects temperature differ-
ences between iced and noniced surfaces

of helicopter rotors. Alarms and/or deicing
equipment can be triggered. (See page 48.)

Get Back to the Business of Problem Solving with NAG

Spend your time and talent on genuine problem solving, not software development

Collaborating with over 280 numerical and statistical computing specialists around the world, NAG continuously develops its
comprehensive software for scientists and engineers. With more than 20 years experience in creating state-of-the-art products,
the robustness, performance and functionality of NAG software are unmatched. Benefit from NAG's expertise with any of these
quality products, available for over 80 computing platforms from PCs to supercomputers.

NAG Fortran Libraries NAG Fortran 90 Compiler NAG C Library — now also for Windows!

Valuable tools for the rapid development

of custom applications — reduce your
development and porting time and in-
crease accuracy and performance with
the following products:

NAG Fortran 77 Library — contains
over 1,100 highly efficient user-callable
numerical subroutines.

NAG f190 — the world’s first numerical
procedure library for Fortran 90.
Designed to capitalize on the increased
functionality, power and simplicity of
the new Fortran standard.

NAG FL90plus — a library composed
of the two powerful products above.
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NUMERICAL ALGORITHMS GROUP, INC.
1400 Opus Place, Suite 200 * Downers Grove, IL 60515-5702 » 708.971.2337 « fax 708.971.2706

The world’s first compiler, introduced in
1991, to support the full ANSI/ISO
standard for Fortran 90. With thousands
of users worldwide, it is the leader in
quality and robustness. Lets you
maintain your investment in Fortran 77,
while benefiting from all the new High
Performance Fortran (HPF) language
features. Take advantage of array
operations, pointers, dynamically
allocatable storage, derived types, data
structures, modules and more! Latest
version includes performance improve-
ments and improved support of IEEE
arithmetic exception handling.

For More Information Write In No. 403

If you prefer C for writing modeling,
simulations and analysis, the NAG C
Library offers many of the same com-
prehensive numerical capabilities of our
Fortran libraries. Includes BLAS,
ODEs, optimization, integration, FFTs,
OR, time series, filtering and more.
Now also available as a true DLL for
Windows, with over 250 rigorously
tested routines!

To order, or for more information

Contact NAG, Inc. at the numbers
below, or e-mail info-ntb@nag.com.
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Burt Rutan
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0 years after
the Voyager completed its record-shattering
1 the-world flight, you cauld st:.ll ﬁnd its

Hardware wasn t the pmblérd.,Hz had epmputers

His company could buy any design system worth

owning. What kept Burt grounded was software.

CAD so clumsy, it squashed creativity. Or so weak, it

simply couldn’t do his job.

Maybe that’s why the first time he sat down to design with
Vellum®, Burt compared the experience to the exhilaration of
flying. Vellum is the first CAD program with an autopilot.

CAD Software that Works the Way You Think

From GD&T symbols to NURB splines to DXF and IGES
file format translators, Vellum has every professional design and
drafting tool your job demands. And each tool is endowed with
an expert system called the Drafting Assistant”—built-in intel-
ligence that instantly makes every designer more productive.
Even on enormously complex jobs.

Rather than force you to fight with the keyboard, or guess
about alignment as you draw, Vellum pinpoints and spells out
every logical design point for you, on screen. Draw a simple line
and the midpoints, endpoints, and construction lines appear
automatically. Click the mouse and you get precise alignment
to 16 decimal places, instantly.

The Power of Parametrics

Before Vellum, using CAD for conceptual design was like try-
ing to draw in the dirt with a backhoe. Vellum makes precise
design as natural as free-hand sketching, with the combined
power of Parametrics and Associative Dimensioning.

©1994 Ashlar Incorporated. All rights reserved, Ashlar and Vellum are registered trademarks and the Ashlar logo and Drafting Assistant are trademarks of Ashiar Incorporated
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es Vellum T

Burt's

creativity

and

willingness

19 explore
uncharted
territory is
exemplified by
this sneak [»cek

at one of his latest
designs produced
(of course) in Vellum.

Simply draw a rough approximation of your design, dimension
it, plug in values and click: geometry is automatically redrawn
to scale. A part needs to change? Simple. Just change the
dimensions and the geometry updates as you watch. Or change
the geometry and all the dimensions update perfectly.

From Concept to Finish in Half the Time

According to Burt, “the only way to fully appreciate Vellum is
to sit down and use it; tackle a tough job right off. See if the
Drafting Assistant doesn’t make vou two, or even three times
more producti\" than any other CAD package.”

If vou're like Burt Rutan, you'll find yourself using Vellum from
u)nuptual design right through finished drawings. Best of all,
you'll never give the dr.lfrmg board, or another LAD program,
a second thought.

For more information, a free video, a trial version, or the name
of an authorized Ashlar” reseller near you call us at:

800-877-2745 or

408-746-1800 S ASHLAR

Ashlar Incorporated
1290 Oakmead Parkway
Sunnyvale, CA 94086



NASA
Commercial
Technology
Team

NASA’s R&D efforts produce a robust supply of promising technologies with applications in many industries. A key
mechanism in identifying commercial applications for this technology is NASA'’s national network of commercial technol-
ogy organizations. The network includes ten NASA field centers, six Regional Technology Transfer Centers (RTTCs), the
National Technology Transfer Center (NTTC), business support organizations, and a full tie-in with the Federal Laboratory
Consortium (FLC). We encourage all businesses with technical needs to contact the appropriate organizations for more
information. For those who have access to the Interet, general information can be accessed with Mosaic software on
the NASA Commercial Technology Home Page at URL: http://nctn.oact.hq.nasa.gov. Instructions regarding how to
acquire the free Mosaic software can be obtained by sending an e-mail request to: innovation@oact.hq.nasa.gov.

NASA’s Technology Sources

If you need further information about new technologies presented in NASA Tech Briefs,
request the Technical Support Package (TSP) indicated at the end of the brief. If a TSP is
not available, the Commercial Technology Office at the NASA field center that sponsored
the research can provide you with additional information and, if applicable, refer you to the
innovator(s). These centers are the source of all NASA-developed technology.

Ames Research
Center

Selected techno-
logical strengths:
Fluid Dynamics;
Life Sciences;
Earth and
Atmospheric
Sciences; Infor-
mation,
Communications,
and Intelligent
Systems;

Human Factors.
Syed Shariq

(415) 604-0753
syed_shariq@qm
gate.arc.nasa.gov

Dryden Flight
Research Center
Selected techno-
logical strengths:
Aerodynamics;
Aeronautics
Flight Testing;
Aeropropulsion;
Flight Systems;
Thermal Testing;
Integrated
Systems Test
and Validation.
Lee Duke

(805) 258-3119
duke@louie.dfrf.
nasa.gov

Goddard Space
Flight Center
Selected techno-
logical strengths:
Earth and
Planetary
Science
Missions; LIDAR;
Cryogenic
Systems;
Tracking;
Telemetry;
Command.
George Alcorn
(301) 286-5810
galcorn@gsfc-
mail.nasa.gov

Jet Propuision
Laboratory
Selected techno-
logical strengths:
Near/Deep-
Space Mission
Engineering;
Microspacecraft;
Space
Communications;
Information
Systems; Remote
Sensing;
Robotics.

William Spuck
(818) 354-2240
william_h_spuck@
Jpl.nasa.gov

Johnson Space
Center

Selected techno-
logical strengths:
Artificial
Intelligence and
Human Computer
Interface; Life
Sciences; Human
Space Flight
Operations;
Avionics;
Sensors;
Communications.
Hank Davis

(713) 483-0474
hdavis@profs.jsc.-

nasa.gov

Kennedy Space
Center

Selected techno-
logical strengths:
Emissions and
Contamination
Monitoring;
Sensors;
Corrosion
Protection; Bio-
Sciences.

Bill Sheehan
(407) 867-2544
billsheehan@
ksc.nasa.gov

Langley Research
Center

Selected techno-
logical strengths:
Aerodynamics;
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Walter Kim
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Materials;
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NASA-Sponsored Commercial Technology Organizations

These organizations were established to provide rapid access to NASA and other federal R&D and
foster collaboration between public and private sector organizations. They also can direct you to the
appropriate point of contact within the Federal Laboratory Consortium.

Lee Rivers
National Technology
Transfer Center
(800) 678-6882

Robert Stark

Far-West Technology

Transfer Center

University of Southern

California
(800) 472-6785 or
(213) 743-6132

B |
NASA Program Offices

At NASA Headquarters there are
seven major program offices that
develop and oversee technology pro-
jects of potential interest to industry.
The street address for these strategic
business units is: NASA Headquarters,
300 E St. SW, Washington, DC 20546.

Gene Pawlik
Small Business
Innovation Research
Program (SBIR)
(202) 358-4661

gpawlik@oact.hq.nasa

.gov

Robert Norwood

Office of Space Access
and Technology (Code X)

(202) 358-2320
morwood@oact.hq.
nasa.gov

Philip Hodge

Office of Space Flight

(Code M)
(202) 358-1417

phodge@osfms1.hq.

nasa.gov

Gerald Johnson
Office of Aeronautics
(Code R)

(202) 358-4711

g_johnson@aeromail.
hq.nasa.gov

Bill Smith

Office of Space Sciences
(Code S)

(202) 358-2473
wsmith@sm.ms.ossa.
hq.nasa.gov

Bert Hansen

Office of Microgravity
Science Applications
(Code U)

(202) 358-1958
bhansen@gm.olmsa.
hq.nasa.gov

Granville Paules
Office of Mission to
Planet Earth (Code Y)
(202) 358-0706

gpaules@mtpe.hq.
nasa.gov
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NASA's Business Facilitators

NASA has established several organi-
zations whose objectives are to estab-
lish joint sponsored research agree-
ments and incubate small start-up
companies with significant business

Dr. William Gasko
Center for Technology
Commercialization
(800) 472-6785 or
(508) 870-0042

Center

J. Ronald Thornton
Southern Technology
Applications Center
University of Florida

Mid-Continent
Technology Transfer

Texas A&M University
(800) 472-6785 or
(409) 845-8762

Chris Coburn

Great Lakes Industrial
Technology Center
Battelle Memorial
Institute

(800) 472-6785 or
(216) 734-0094

Lani S. Hummel
Mid-Atlantic Technology
Applications Center

(800) 472-6785 or University of Pittsburgh
(904) 462-3913 (800) 472-6785 or
Gary Sera (412) 648-7000

Easy Access To The FLC: Call (206) 683-1005 for the name of the Federal Laboratory Consortium Regional
Coordinator in your area. The Regional Coordinator, working with the FLC Locator, can help you locate a
specific laboratory to respond to your needs.

e O R DN N 1 |
If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis Center, (505) 277-3622.
For software developed with NASA funding, contact NASA's Computer Software Management and Information Center (COSMIC) at (706) 542-3265, fax (706) 542-4807.
If you have a questions...NASA's Center for AeroSpace Information can answer questions about NASA's Commercial Technology Network and its services and documents. Use
the Feedback Card in this issue or call (410) 859-5300, ext. 245.
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promise.

Dr. Stephen Gomes
American Technology
Initiative

Menlo Park, CA
(415) 325-5353

Jill Fabricant
Johnson Technology
Commercialization
Center

Houston, TX

(713) 335-1200

John Gee

Ames Technology
Commercialization
Center
Sunnyvale, CA
(408) 734-4700

Dan Morrison
Mississippi
Enterprise for
Technology
Stennis Space
Center, MS
(800) 746-4699
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Special Focus:
Mechanical Components

End Effector Coupler/Decoupler
A coupling/decoupling device offers benefits of both stiffness and repositioning.
Langley Research Center, Hampton, Virginia

For accurate positioning of a compo-
nent that is to be installed by a robotic
end effector it may be desirable to latch
the end effector to the workpiece before
initiating the installation task. If either the
workpiece or the robot arm is mis-
aligned, the latching operation may
introduce loads into the end effector
mechanisms that can cause them to
bind and malfunction. Therefore, a cou-
pler/decoupler device has been devised
that permits the end effector to be
released (decoupled) from the robot arm
while attached to the workpiece, and
realigned and recoupled to the arm
when the end effector task has been
completed. This relieves the necessity
for accurate positioning of the robot and
the workpiece, and compensates for
deformations that can be initiated by
changes in temperature as well as nor-
mal machining variations.

The coupler/decoupler device is
mounted between the wrist plate of the
robot and the end effector. For normal
positioning of the end effector by the
robot arm, the device operates in the
coupled mode. For this operation, the
end effector is pneumatically clamped to
a stem to which the end effector is
attached. When the end effector has
been positioned and is attached to the
workpiece, the pneumatic clamping
pressure is released, relaxing the attach-
ment forces to the end effector in all
three directions of load and moment for
small misalignments, yet restraining the
end effector from large motion misalign-
ments that could result in total release
and damage should the end effector be
inadvertently released from the work-
piece. When the installation task is com-
plete, pneumatic pressure is applied to
the coupler and the end effector is both
aligned to the initial location in position
and orientation and is securely affixed to
the robot arm.

The details of the various operations
can be observed in the attached sketch.
In the coupled state the pneumatic
chamber between components F and D
is pressurized, forcing the jaws C to be
pressed firmly against a mating surface
on the spindle of component A, to which
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Wrist of Wave
Robot Arm Spring

This Chamber &
Pressurized

Wrist of Wave End
Robot Arm Spring 1 Effector

¢ J
This Chamber I
Pressurized 1

DECOUPLED

VIEW 1-1 WITH COMPONENT A OMITTED FOR CLARITY

In the Coupled State, the end effector would be tightly gripped and share the stiffness of the
robot arm. In the decoupled state, the grip on the end effector would be relaxed, although the
end effector would still be restrained from extreme positions that would make recoupling difficult.
The end effector could then assume a variety of attitudes with respect to the workpiece and per-
form its function without exerting large stresses on either the robot arm or the workpiece.
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the end effector is attached. In the
decoupled state the pressure in the
pneumatic chamber between compo-
nents D and F is released and the cham-
ber between components H and F is
pressurized, forcing the load on the jaws
C to be relieved. The set of springs
between the jaws C shown in view 1-1
force them apart. Alignment of the jaws
in the open position is maintained by

component B which also has an interior
spline that mates with a spline on com-
ponent A to prevent significant roll defor-
mations. A set of four pins labeled as
component J guide the displacements of
A in the plane normal to the longitudinal
axis of part A.

All external loading on the end effector
during positioning of the installed part
and the load due to pneumatic pressur-

ization are reacted by the stem G. The
wave spring between components D and
F keeps the jaws C closed in the event of
a pressure loss while the device is in the
coupled state.

This work was done by Russell W.
Smith and Marvin D. Rhodes of Langley
Research Center. For further informa-
tion, write in 72 on the TSP Request
Card. LAR-14984

& Tool for Driving Many Fasteners Simultaneously
A pneumatically activated mechanism would ensure uniform, synchronized

tightening or loosening.

Lyndon B. Johnson Space Center, Houston, Texas

Slideable
Gear Support

Laterally
Displaceable Gear

Input Shaft

Pinion Gear

Compressed
Air at
Regulated
Pressure

-———

Flexible Coupling

Bearing

Output Drive Shaft

Multiple Output Shafts would engage multiple fasteners on a circle. (In this partially cross-
section, partially cut-away view of a four-output-shaft tool, three shaft housings are visible;

the fourth would lie out of the page.)

A proposed tool would tighten or
loosen several bolts, screws, nuts, or
other threaded fasteners arranged in a
circle on a compressor head, automo-
tive wheel, pipe-end flange, or a simi-
lar object. The tool would enable
assembly or disassembly in a fraction
of the time needed to tighten fasten-
ers one at a time. It would simultane-
ously apply the same torque to all fas-
teners, thereby preventing distortion
and enhancing reliability.

The tool would contain a set of shafts
— one for each fastener — arranged
around a circle at positions corre-
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sponding to those of the fasteners, so
that they could engage the fasteners. A
pneumatic motor powered by com-
pressed air would rotate a central pin-
ion gear, which, in turn, would rotate a
number of laterally displaceable gears
— one for each fastener. A flexible cou-
pling would connect each laterally dis-
placeable gear with the drive saft for
the associated fastener (see figure).

A pneumatic piston associated with
each laterally displaceable gear would
apply a lateral (radially inward toward
the center of the bolt-hole circle) force
to the gear through a slideable gear

support. As in other, single-fastener,
pneumatically driven, torque-limited
tools of this type, torque would be
limited to a value below which the
pneumatically applied lateral force
was sufficient to prevent slippage of
the gear teeth.

The pistons would also be driven by
compressed air. The same pressure
would be supplied to all the piston
cylinders via a pneumatic system that
would include a control valve, a self-
venting pressure regulator, and a pres-
sure gauge. Therefore, the same later-
al force would be applied to each dis-
placeable gear, causing the torques
applied to all the fasteners to be limit-
ed to the same value when all the fas-
teners are tightened simultaneously.

This tool concept is not limited to
circular fastener patterns. It could be
adapted to rectangular configurations
like those on engine intake manifolds,
for example, by adding gears to the
drive train to provide the proper spac-
ing. It could be designed to deliver a
fixed or adjustable maximum torque.
To ensure even seal loading, piston
pressure could be simultaneously
ramped from initial to final values to
maintain relatively constant torque
loading on all fasteners until the final
specification limit is achieved.

This work was done by Joseph S.
Cook, Jr., of Johnson Space Center.
For further information, write in 274 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; (713) 483-4871. Refer to MSC-
22386.
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Output shafts could be set on bolt circles of various diameters.
Lyndon B. Johnson Space Center, Houston, Texas

The figure illustrates a proposed tool
that would tighten or loosen several bolts,
screws, nuts, or other threaded fasteners
arranged in a circle on a compressor
head, automotive wheel, pipe-end flange,
or a similar object. The tool would com-
bine some of the features of the related
mechanism described in the preceding
brief, “Tool for Driving Many Fasteners
Simultaneously” (MSC-22386).

Like the tool described in the prior
article, this one would contain a set of
shafts — one for each fastener —
arranged around a circle at positions
corresponding to those of the fasteners,
so that they could engage the fasteners.
A pneumatic motor powered by com-
pressed air would drive a central pinion
gear, which, in turn, would drive a num-
ber of laterally displaceable gears — one
for each fastener. A flexible coupling
would connect each laterally displace-
able gear with an output shaft that
would transmit the torque to the associ-
ated fastener.

The laterally displaceable gears would
be preloaded against the pinion with a
preset force, and the torque transmitted
to the output shafts would be limited to
the torque that would overcome the pre-
load and thus cause the gears to slip. In
the figure, the preload is shown as being
applied pneumatically according to the
scheme described in the immediately
preceding article. Alternatively, the pre-
load could be applied by use of springs.

A unique feature of this proposed
mechanism is that the lateral positions of
the output shafts could be adjusted, by
use of a mechanism called the “selec-
tor,” to fit fastener patterns with larger or
smaller bolt circles. The range of radial
(relative to the axis of symmetry) adjust-
ment would depend on the flexibility of
the lower halves of the flexible couplings
and on the design of the selector and of
the housing. To isolate the torque-set-
ting mechanism at the top of each flexi-
ble coupling from radial force caused by
the radial adjustment and thus prevent
interference with the torque setting, the
flexible coupling would be braced by a
bearing at its midlength.

Each output shaft would turn in a
bearing in an output-shaft guide, which
could slide radially within a housing and
would be spring-loaded radially out-
ward. The selector would include sur-
faces that would press radially inward on
the output-shaft guides, against the
spring loads. The radius of each of these
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& Adjustable Tool for Driving Multiple Fasteners
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SECTION A-A, PARTIALLY SCHEMATIC, SOME PARTS OMITTED FOR CLARITY

This Tool Would Drive Multiple Fasteners like bolts arranged on a bolt circle on a flange.
The tool could be adjusted to fit bolt circles of various sizes.

surfaces would vary from an inner
extreme at an extreme circumferential
position to an outer extreme at another
extreme circumferential position. The
flexible couplings would allow the output
shafts to move radially along with the
output-shaft guides. Thus, as the selec-
tor was turned, the output-shaft guides
would move radially inward or outward
and could be set at any radius between
the two extreme bolt-circle radii defined
by the extreme radii of the selector. The
selector would include an indicator and
bolt-circle-diameter calibration marks so
that a technician could easily set the tool
to the desired bolt-hole diameter.

This concept can be extended from

the circular pattern to a rectangular pat-
tern for application to automobile head-
ers and intake manifolds.

This work was done by Joseph S.
Cook, Jr., of Johnson Space Center.
For further information, write in 51 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; (713) 483-4871. MSC-22423.
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% Redundant Bearing Assembly
One bearing would be held by another.
Lyndon B. Johnson Space Center, Houston, Texas

A proposed redundant bearing
assembly would consist of two modi-
fied ball or roller bearings, one held by
the other. In the version illustrated in the
figure, the outer race of the inner bear-
ing would be press-fit into the inner
race of the outer bearing. Within each
bearing, the side walls of the inner and
outer races would be extended radially
toward each other so as to leave only a
small gap.

If one of the bearings failed by seiz-
ing, the bearing assembly would con-
tinue to function as long as the other
bearing remained intact. In the event
that the rollers or balls in one bearing
suffered excessive wear, the small gap
between the races of that bearing
would close at some point along the

Seal Across Gap
:: Gap %Races Extended
- Radially Toward

- Each Other
b
{ 7/ :‘: Gap

Bearing Roller

Outer
Bearing
N
N

NN

Inner
Bearing

7

SECTION A-A

circumference, in effect causing the In the Redundant Bearing Assembly, one bearing would continue to allow free rotation

worn bearing to seize. Again, the bear-  When the other failed.

ing assembly would continue to func-

tion as long as the other bearing races. In an alternative design, the inner This work was done by Jay M. Wright

remained intact. race of the outer bearing and the outer of Johnson Space Center. No further
Bearing wear could be monitored by race of the inner bearing could be man- documentation is available.

examination of the gaps between the ufactured as a single piece. MSC-22425
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& Gravity-Referenced Elevation Encoder

This encoder can be mounted directly on an object that is to be tilted precisely.
NASA's Jet Propulsion Laboratory, Pasadena, California

Pendulous Accelerometer
Shaft-Angle Encoder

~-—— Power
--=— Control Signals
l—a Sensor Output

Elevation
Angle
Shaft- Elevation
Angle Angle
Electronic |
Controller

Figure 1. The Sensors and Actuator in the elevation-angle encoder
include a motor, a shaft-angle encoder, and a pendulous accelerometer

mounted on the shaft.

A tilt-measuring apparatus that is
undergoing development gives a pre-
cise indication of the elevation angle of
a scientific instrument or other object
that must be aimed precisely. In the
original intended application, the
apparatus would be mounted directly
on the primary reflector of a large radio
antenna. The apparatus (see Figure 1)
includes a torque-balanced pendulous
accelerometer mounted on a motor
shaft equipped with an optical shaft-
angle encoder. The motor, accelerom-
eter, shaft-angle encoder, and a con-
troller are combined into an electronic

Figure 2. This Elevation-Encoder System includes an elec-
tronic controller along with the sensors and actuator illustrated
in Figure 1. The controller implements a control law that com-

pensates for bearing friction and the dynamics of the apparatus.

control-and-sensing system as shown
in Figure 2.

The pendulous accelerometer is
designed so that it gives zero output
when its designated reference axis is
perpendicular to gravity. Accordingly,
the controller causes the motor to turn
the shaft until the output of the pendu-
lous accelerometer is nulled. The out-
put of the shaft-angle encoder at the
null-output position is thus a measure
of the angle of gravitation relative to
the reference frame of the motor and
encoder and thus of the elevation
angle to be measured.

A prototype system was tested in a
laboratory and found to exhibit accept-
ably small values of noise and long-
term drift. The controller apparatus
kept the simulated elevation error to
less than 1 mdeg when the apparatus
was subjected to vibrations equivalent
to those on a 70-m-diameter parabo-
loidal antenna reflector.

This work was done by Ralph E.
Goddard of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, write in 66 on the TSP
Request Card.

NPO-19224

High-Performance Ball Bearing
A durable cage with self-lubricating inserts ensures long life.
Marshall Space Flight Center, Alabama

The ball bearing shown in the figures
is designed to operate at high speed
(tens of thousands of revolutions per
minute) in a cryogenic environment like
that of a liquid-oxygen or liquid-hydro-
gen turbopump. Like other ball bear-
ings, this one includes an inner race, an
outer race, and a cage that keeps the
bearing balls equally spaced: what sets
this bearing apart from the others is a
unique design that provides solid lubri-
cation of the balls and races and
ensures low wear of the cage, thereby
promoting endurance.

The balls roll in circumferential grooves
in the inner and outer races. Cylindrical

28

lands adjacent to the grooves act as
pilot surfaces, which maintain the align-
ment of the cage (the cage rotates
between the lands with a sliding fit). The
inner race is fabricated as two rings to
facilitate the assembly of the bearing:
the cage and balls are inserted in the
outer race, then the two rings of the
inner race are inserted in the central hole
and clamped together in alignment so
that their abutting tapered sections con-
stitute the circumferential groove in
which the balls roll. The races can be
made of any suitable alloy or other mate-
rial as dictated by such operating para-
meters as expected loads, speeds, tem-

peratures, and flows of lubricants.

The cage (see Figure 1) is made of a
strong, lightweight composite of glass
fibers in a solid lubricant matrix of
polytetrafluoroethylene. The cage con-
tains apertures for the balls; each ball
aperture is lined with an insert made
of a composite of bronze and polyte-
trafluoroethylene. A polygonal (square
in the case of Figure 1) flange with
rounded corners on each insert fits in
a mating counterbore in the cage and
applies the centrifugal load of the
insert to the cage and prevents rota-
tion of the insert with respect to the
cage. During operation, the balls pick
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SECTION A-A MAGNIFIED

Figure 1. The High-Performance Bearing
features a strong, lightweight, self-lubricat-
ing cage with self-lubricating liners in the ball
apertures.

up the polytetrafluoroethylene solid
lubricant from the inserts and deposit it
on the races; the lubricant then pre-
vents direct contact between the balls
and races.

Because of the light weight, high
strength, and lubricity of the cage mate-
rial, the rubbing of the cage against the
lands of the outer race produces very
little wear. Indeed, it is this lack of wear
that makes it possible to pilot the cage

Tapered Portions
(Halves of
Circumferential Groove)

Figure 2. The Inner Race Is Made in Two
Halves to facilitate assembly of the bearing.
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on the lands of the outer race: the poor
rub-wear performances of older bearing
cages made it necessary to pilot those
cages on the lands of inner races — an
arrangement that inherently leads to
instability in the motion of the cage.
Piloting the cage on the lands of the
outer race ensures greater stability in
the sense that what little cage wear
(with resulting imbalance of the cage)
does occur does not contribute to
instability of the motion.

This work was done by Roger W.
Bursey, Jr, David A. Haluck, John B.
Olinger, Samuel S. Owen, and William E.
Poole of United Technologies Corp. for
Marshall Space Flight Center. For
further information, write in 77 on the
TSP Request Card.

Title to this invention, covered by U.S.
Patent No. 5,230,570, has been waived
under the provisions of the National
Aeronautics and Space Act [42 U.S.C.
2457(f)]. Inquiries concerning license for

its commercial development should be
addressed to

United Technologies Corporation

Attn: John Swiatocha

One Riverview Square

7th Floor

East River Drive

Hartford, CT 06108
Refer to MFS-28810, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.

& Quick-Change Rotational Coupling

A locking shaft prevents slippage between driving and driven components.
Lyndon B. Johnson Space Center, Houston, Texas

A rotational coupling is designed to
enable quick connection and discon-
nection of driving and driven compo-
nents and to transmit torque without
slippage. The coupling was originally
designed to provide for quick adjust-
ment of the relative positions of a chair
and a rotary motor drive for vestibular
tests of human subjects in outer space.
With the coupling, a technician can
reorient the chair in about 30 seconds.
The coupling is also suitable for use in
other situations in which turntables,
rotating scientific instruments, or other
equipment must be connected and
disconnected frequently for adjustment
or replacement. (However, it is not suit-
able for replacement of permanent
rotary couplings.)

The part of the coupling on the
motor-drive side is an assembly that
includes a stainless-steel socket, a
stainless-steel locking shaft, and a lock-
ing-block subassembly (see figure). The
socket is cylindrical and contains a cen-
tral hole with a 10° conical taper. The
socket is welded to a base, which is
rotated by the motor drive. The chair
(omitted from the figure for clarity) or
other item to be rotated is bolted to an
aluminum bronze trunnion machined to
an outer conical taper matching that of
the hole in the socket. Eight holes are
countersunk at equal intervals around
the conical part of the trunnion that
engages the socket.

The technician pushes the trunnion
into the socket, then turns the locking
shaft, screwing it into the threaded hole
in the side of the socket. As the locking
shaft advances into the socket, the con-
ical tip of the shaft engages one of the
countersunk holes: this engagement
prevents rotation of the trunnion relative
to the socket. Slots that are milled into
the countersunk holes provide for firm
seating of the locking shaft with, nomi-
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The Quick-Change Coupling connects a motor drive to a flanged trunnion connected to the

object to be rotated. The locking shaft preve
the trunnion can be changed or rotated to al

nally, two-point contact. The technician
then inserts a detent pin into the locking-
block subassembly; this pin engages
grooves in the locking shaft and locking
block, preventing the locking shaft from
backing out in case the threaded con-
nection becomes loose. To release the
trunnion, the technician simply removes

nts slippage but can be quickly removed so that
nother of eight angular positions.

the detent pin and unscrews the locking
shaft. The trunnion can then be pulled
from the socket.

This work was done by Millard F
Reschke of Johnson Space Center
and Joe Bufkin of KRUG Life Sciences.
For further information, write in 47 on
the TSP Request Card. MSC-22350
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Electronic Components
and Circuits

Millimeter and Submillimeter-Wave Integrated Circuits

on Quartz

GaAs Schottky diodes and circuit elements are fabricated as integral units on a quartz substrate.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Integrated circuits that include planar
GaAs Schottky diodes and passive Cir-
cuit elements (such as bandpass filters)
have been fabricated on quartz sub-
strates. These circuits are designed to
operate as mixers in a waveguide circuit
at milimeter and submilimeter wave-
lengths. These integrated circuits are
mechanically more robust, larger, and
therefore easier to handle than are the
planar Schottky diode chips that have
been used heretofore to make wave-
guide mixers. Furthermore, the quartz
substrate is more suitable for waveguide
circuits than the GaAs substrate.

The proposed Quartz substrate
Upside-down Integrated Device (QUID)
technology relies on a UV-curable adhe-
sive to bond the semiconductor with the
quartz. The Schottky contact is formed
on lightly doped GaAs, which is on top
of a heavily doped GaAs layer for ohmic
contacts. The diode material is separat-
ed from the GaAs substrate by an
AlGaAs layer which acts as an etch-stop
layer when the substrate is chemically
etched from the back.

The planar diodes are fabricated
using photolithographic technology.
The diodes require both an ohmic and
Schottky contact. The GaAs surface
is passivated with a dielectric, and
Ti/Pt/Au is used as the Schottky con-
tact. The waveguide circuit element, a
hammerhead filter structure, is defined
in the same step as the fingers that

Part of a QUID Circuit is shown here with a Schottky diode pair. This structure is ready to
be mounted in a waveguide block for testing.

join the Schottky anode with the ohmic
contact. The individual devices are iso-
lated by etching a channel around
each circuit.

The wafer is then bonded, upside-
down, onto a quartz substrate using a
UV-cured adhesive. The GaAs sub-
strate is mechanically lapped down to
50 um and then chemically etched until
the AlGaAs layer is fully exposed. The
AlGaAs is etched in a gas plasma, and
all of the GaAs from the wafer is
removed, except for the immediate
area around the Schottky anodes. This
circuit has the minimum amount of
GaAs required for proper device opera-
tion. The resulting chip is diced into
individual integrated circuits, which are
placed in a waveguide block for testing

(see figure).

Subharmonically pumped integrated
mixers of this type have been fabricated
and tested at 220 GHz. The perfor-
mance of these mixers is slightly worse
than the best discretely mounted chip
mixers. However, by improving the qual-
ity of the Schottky contacts along with a
reduction in the parasitic capacitance of
the QUID diodes, substantial improve-
ments can be realized.

This work was done by Imran Mehdi,
Mohammad Mazed, Peter Siegel, and
R. Peter Smith of Caltech for NASA’s
Jet Propulsion Laboratory. For further
information, write in 25 on the TSP Re-
quest Card.

NPO-19304

Cosmic-Ray Detectors With Interdigitated Electrodes
These detectors measure both positions of incidence and energies of incident charged particles.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Figure 1 illustrates a stack of cosmic-
ray detectors of a type that is still under-
going development. These detectors are
operated in coordination with each other
for measurement of both the trajectories
and the energies of the incident ener-
getic charged particles that constitute
cosmic rays. Each detector in the stack

32

is fabricated as a wafer that contains
layers of p-doped, undoped, and n-
doped silicon; that is, the detector is of
the positive/intrinsic/negative (PIN) sili-
con type. A reverse-bias voltage is
applied to the p and n layers to create an
electric field inside each wafer,

When a cosmic ray passes through a

wafer, its kinetic energy is dissipated in
the generation of electron/hole pairs;
about 1 pair per 3 eV of energy. The
electric field sweeps the electrons and
holes to the p and n layers, where they
are collected; the amount of charge col-

(continued on page 37)
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(continued from page 32)

lected is thus proportional to the energy
dissipated by the incident particle. The
stack is arranged so that the lower
wafers are thick enough to absorb the
energy remaining after passage of the
cosmic ray through the upper wafers.
Thus, the total energy of an incident par-
ticle can be computed as a sum of ener-
gies dissipated in all the layers. The pulse
of current used to measure the energy
dissipated in each wafer is collected via

Cosmic Ray

Wafers
(Detectors)

Figure 1. A Stack of Detector Wafers inter-
cepts a cosmic ray. The detectors measure
the positions of incidence to determine the
cosmic-ray trajectory and the charge gener-
ated within them (proportional to the cos-
mic-ray energy dissipated within them).

the lower doped (p or n) layer of the
wafer and buffered through a precise
amplifier to external circuitry.

The upper (n or p) doped layer of each
wafer is divided into a pattern of interdig-
itated electrodes (see Figure 2) that
define pixels (typically 1 mm square) for
determining the locations of incidence of
the cosmic ray at the upper surface of
the wafer. These electrodes are not used
to measure the charge generated by dis-
sipation of energy, but to obtain signals
indicative of incidence of a cosmic ray
within a pixel; a “hit” is recorded whenev-
er a measurable amount of charge diffus-
es from a cosmic-ray track to the nearest
row-and-column pair of interdigitated
electrodes. The trajectory of the cosmic
ray can then be computed as a line that
passes through the “hit” pixels in succes-
sive wafers in the stack.

In tests thus far, the detectors have
proved partially functional but for
unknown reasons they have exhibited
very high dark currents and soft break-
down at applied potentials of 10 to 80 V.
Further development efforts are expect-
ed to identify the causes of these defi-
ciencies and overcome them.

This work was done by Thomas J.
Cunningham,  Mohammed Mazed,

Interdigitated Electrodes

Metal Contact Strips/

Figure 2. This Interdigital Electrode
Pattern is repeated over many rows and
columns on the tops of the detector wafers
in the stack. The electrode pattern defines
pixels within which the points of incidence of
incident cosmic rays can be located.

Melinda J. Holtzman, and Eric R. Fossum
of Caltech for NASA’'s Jet Propulsion
Laboratory. For further information,
write in 67 on the TSP Request Card.
NPO-19231

Active-Pixel Image Sensor With Analog-to-Digital Converters
Each column would include an analog-to-digital converter based on Y.-A modulation.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A proposed single-chip integrated-
circuit image sensor would contain a
128 x 128 array of active pixel sensors
at a 50-pum pitch. The output terminals
of all of the pixels in each given column
would be connected to an analog-to-
digital (A/D) converter located at the
bottom of the column (see figure). The
pixels would be scanned in semiparallel
fashion, one row at a time; during the
time allocated to scanning a row, the
outputs of all the active pixel sensors in
the row would be fed to their respective
A/D converters. The design of the chip
is based on complementary metal
oxide semiconductor (CMOS) technol-
ogy, and individual circuit elements (but
not the whole integrated circuit) have
been fabricated according to 2-pm
CMOS design rules. The active pixel
sensors are designed to operate at a
video rate of 30 frames/second, even at
low light levels.

The A/D scheme is based on first-
order Y-A modulation, in which the
input signal is oversampled (that is,
sampled at a sampling frequency
greater than the Nyquist rate), the sam-

NASA Tech Briefs, July 1995

ples are integrated, the integral is com-
pared with a reference voltage to
achieve two-level (0,1) quantization, and
each time the output of the quantizer is

e b IChiF g fea-
T SN
O HEpperetbter
wb'camm
Multiplexer g""ﬁ
Column-Select Circuit

In the Semiparallel Architecture of the pro-
posed image sensor, all the active pixel sen-
sors in a column would be connected to the
same A/D converter. Rows would be read
out periodically; during a given row-readout
period, the outputs of all the active pixels in
a row would be sampled simultaneously.

1, the reference voltage is subtracted to
reset the integral to near zero for the
next sampling interval. Basing the
design on X-A modulation enables the
use of relatively low-power, low-accura-
cy analog components.

The output of the X-A modulator in
each A/D converter is averaged by
summing the outputs of the quantizer in
a 10-bit counter circuit. At the end of
each row-readout period, the count is
latched. While A/D conversion is per-
formed on the outputs from the active
pixel sensors in a given row, the latched
counter outputs for the preceding row
are transferred out through a multiplexer.

According to a computer simulation,
the integrated circuit would consume
about 53 mW of power, and its root-
mean square noise (referred to the
input) would be only 11.2 electrons. The
predicted performance of the circuit
system, in terms of speed of operation
and noise, was found to be limited by
the design of operational amplifiers in
the A/D converters.

This work was done by Eric R.
Fossum, Sunetra K. Mendis, Bedabrata
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Pain, and Robert H. Nixon of Caltech for
NASA’s Jet Propulsion Laboratory.
For further information, write in 56 on
the TSP Request Card.

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

William T. Callaghan, Manager
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the page number.

Superconducting Field-Effect Transistors

These devices offer switching speeds greater than those of
their semiconducting counterparts.

Lewis Research Center, Cleveland, Ohio
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Superconducting Field-Effect Transistors resemble semiconductor field-effect transistors
in some respects, but their operation is based on a different principle; namely, electric-field
control of the transition between superconductivity and normal conductivity.

High-Tc superconducting field-effect
transistors (SUPEFETs) have been inves-
tigated for use as electronic switches in
delay-line-type microwave phase shifters.
(Tc denotes the temperature of the tran-
sition between superconductivity and
normal conductivity.) A SUPEFET is use-
ful for this purpose because it can be
switched electrically between a state of
superconductivity (switch closed) and
normal conductivity (switch open).

The SUPEFETs investigated thus far
can be classified into two main types
(see figure); transverse-electric-field-effect
transistors (TEFETs) and longitudinal-elec-
tric-field-effect transistors (LEFETs). The
principle of operation of a TEFET is similar
to that of a semiconductor FET in that an
electric field in a gate region is used to
control the conductance of a channel
between a source and a drain. In this
case, the electric field across the super-
conducting channel between the source
and the drain is varied to vary the surface
charge density of the channel, giving rise
to a variation in the T of the channel.
Thus by suitable choice of voltage applied
to the gate, the T of the channel can be
brought above or below the actual tem-
perature, rendering the device supercon-
ductive or normally conductive as desired.

A LEFET is a pseudo-three-terminal
device that includes a drain, a source, a
superconducting drain-to-source chan-
nel, and a titanium-film Schottky gate
contact located between the source and
the drain. The drain-to-source channel is
switched from superconductive to nor-
mally conductive by introducing a gate-
to-source current that exceeds the
superconducting critical current.

The results of investigations thus far
indicate that the construction of SUP-
EFETs is feasible and that SUPEFETs
offer several advantages:

e SUPEFETSs are capable of switching at
speeds greater than those of their semi-
conductor counterparts.

e |n principle, the ratios between the
“‘open” and “closed” resistances of
SUPEFETs are infinite; in practice these
ratios can be > 10" — much greater than
those of comparable semiconductor FETs.
e SUPEFETs can be integrated readily
with superconducting waveguides.

This work was done by Kul Bhasin
and Robert R. Romanofsky of Lewis
Research Center and Massood Tabib-
Azar of Case Western Reserve
University. For further information, write
in 80 on the TSP Request Card.
LEW-15596
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Electronic Systems

Simplified Digital Down-Converters
Number-controlled oscillators and mixers are eliminated and their functions implemented

in filter coefficients.

NASA’s Jet Propulsion Laboratory, Pasadena, California

The design of digital frequency down-
converters can be simplified by eliminat-
ing the need for both high-speed num-
ber-controlled oscillators (NCOs) and
mixer-multipliers, and implementing their
functions via the multiplication coeffi-
cients of finite-impulse-response (FIR) fil-
ters. This simplification depends on par-
ticular choices of operating frequencies,
as explained below. The simplified
designs can be implemented with com-
mercial FIR integrated circuits.

The upper part of the figure shows the
basic functional blocks of a digital down-
converter according to the customary,
more complex design concept. The
input signal to be down-converted is
sampled at a rate of f. The digital sam-
ples are fed to two quadrature mixer-
multipliers, which multiply the signal by
the sine and cosine local-oscillator sig-
nals generated by an NCO at a frequen-
cy of f.. The output of each mixer is low-
pass filtered by a FIR filter in the form of
an N-tap delay line with a cutoff fre-
quency of f.. In the FIR filters, the out-
puts of the delay elements are multiplied
by constant coefficients and summed to
obtain the FIR output. The outputs of the
FIR filters are sampled at an output
clock rate f,, where f, < f, and f, > 2f..
The quadrature (Q) output of the down-
converter can be phase-shifted by 90°
and added to (or subtracted from) the
in-phase output to generate an output in
the frequency range 0 to f;, which is a
down-converted version of the upper (or
lower, respectively) sideband with
respect to the local-oscillator frequency.

Inasmuch as the combined functions
of the NCO and mixers are equivalent to
multiplication of the input-signal samples
by time-varying coefficients, the NCO
and mixers could both be eliminated if it
were possible to incorporate these coef-
ficients into the multiplication coefficients
of the FIR filters. Unfortunately, in the
general case, the FIR coefficients would
have to be updated every output clock
cycle. However, if the local-oscillator fre-
quency is restricted to integer multiples
of the output clock frequency, then the
local-oscillator coefficients that must be
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The NCO and Mixers are Eliminated and their functions are implemented in FIR multiplier

coefficients in the simplified design.
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incorporated into the FIR coefficients are
constants because each one always rep-
resents the same phase of the local-
oscillator signal. With this choice of fre-
quencies (f_ = nf,, where n is an integer)
the NCO and mixers can be eliminated
without difficulty.

The restriction on the allowable local-
oscillator frequencies can be relaxed

somewhat if each FIR multiplier is
equipped with a coefficient memory so
that its coefficient can take on any of m
stored values representing one of m
phases of the local-oscillator signal, and
provided further that each FIR multiplier
can cycle through its m stored coefficient
values at a rate of f,. In that case, the
local-oscillator frequency can be nfy/m,

where n is any suitable integer. This
results in the simplified design shown in
the lower part of the figure.

This work was done by Elliott H.
Sigman of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, write in 34 on the TSP
Request Card.

NPO-19438

Precise Time-Tag Generator for a
Local-Area-Network Monitor

Time information is accurate to one microsecond.
Lyndon B. Johnson Space Center, Houston, Texas

A time-tag-generating circuit has been
designed for use in a LAN monitor — a
circuit that monitors frames of data trans-
mitted among computers on a local-area
network (LAN). Heretofore, LAN monitors
have not contained time-tag generators.
Instead, time stamps have typically been
generated by the communicating com-
puters and have been no more precise
than about 1 millisecond. Greater preci-
sion is needed for monitoring and analyz-
ing the performances of hardware and
software in a complex data-processing
system in which a LAN is only one of
several interfaces through which comput-
ers communicate.

The present time-tag generator offers
the needed precision. To each frame of
data that the LAN monitor receives from
the LAN, the time-tag generator
appends ancillary data on the time of
arrival of the frame, precise to within 1
microsecond of a centrally generated
time signal. This signal is distributed, on
a time bus, to the LAN monitor and to
other test equipment throughout the
facility served by the LAN.

The LAN monitor is connected to the
LAN through an interface circuit that
includes a media-access-control (MAC)
layer, which delimits the LAN signals into
frames. The MAC layer also provides a
“receive” control signal (which indicates
frame reception is in progress) and a
“data valid” control signal, which indi-
cates the presence of valid frame data
on the MAC output. Other parts of the
interface circuit convert the frames into a
byte-serial stream and clock the stream,
via memory-interface hardware, into a
buffer memory in the monitor. As shown
in the figure, the time-tag generator
includes parts that are inserted in the
path between the MAC layer and the
memory-interface hardware. The time-
tag-generator performs additional pro-
cessing of the data stream before it
reaches local memory interface.
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The time-tag generator delays each
data-frame stream by four clock cycles.
However, because it also delays the
“receive” and “data valid" signals from
the MAC layer by four clock cycles, the
delay is transparent from the perspec-
tive of the memory-interface hardware.
During these four cycles, four bytes of
time information derived from the time

Memory-interface hardware typically
performs buffer-management func-
tions during this interval, and data
would be lost if the interval were
allowed to become shorter than the
minimum recovery time of the memo-
ry-interface hardware; and (2) Because
the particular LAN interface circuitry in
the original application for which this

Signal From Network — Ao Da
via MAC ; m g8y 5 Data Link to
Dela Multiplexer |- Memory-Interface
r» Hardware
Byte-Clock Signal Time Data A Multiplexer
(4 Bytes) Control
“Receive” and
4-Clock-Cycle » “Data Valid" Signals
“Receive” and Delay Circuit to Memory-Interface
“Data Valid" Haw
Signals From MAC
Control Logic
b Circuit
“Abort” Signal From —»
Memory-Interface
Hardware
Time Bus Time Decoder |—»
Time-Tag-Holding
Microseconds | Reglster
Counter g

The Time-Tag Generator inserts ancillary time data in place of already used (and therefore
superfluous) frame-check data before the frames of data are stored in the memory of the

LAN monitor.

signal (these bytes constitute the time
tag) are inserted into the stream in
place of the four Frame Check
Sequence (FCS) bytes; it is possible to
do this without losing any data or func-
tionality because the FCS is needed
only by the MAC to check for errors,
and therefore the FCS is superfluous in
subsequent processing.

The insertion of the time tag does
not change the overall size of the data
frame and thus does not change the
minimum interval between frames.
This is important for two reasons: (1)

time-tag generator was devised uses
all of the available memory bandwidth
during operation at full load, it is not
possible to insert a time tag by direct
memory access.

This work was done by David R.
Stauffer and Khoa Duy Tran of Interna-
tional Business Machines Corp. for
Johnson Space Center. For further
information, write in 13 on the TSP
Request Card.

MSC-22487
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Radar for Measuring Vertical Cloud Structure
Vertical resolution would be 500 m.
NASA's Jet Propulsion Laboratory, Pasadena, California

A proposed radar system would
view clouds from above and measure
their vertical structures with a resolu-
tion of 500 m. Operation of the sys-
tem at frequencies of 35 and 94 GHz
was investigated theoretically, and 94
GHz was determined to offer the
potential for superior overall perfor-
mance. At present, the developers
envision two versions of the system;
an initial developmental version to be
flown aboard an aircraft and a final
version to be flown aboard a space-
craft in circular orbit around the Earth
at an altitude of 400 km.

One important design consideration is
to minimize undesired radar returns from
the surface of the Earth. Antenna side-
lobe levels to minimize these returns
were calculated. The preliminary design
concept calls for short, uncoded radar
pulses, rather than the phase-coded
long pulses that are used in some radar
systems, to further reduce undesired
returns from the surface of the Earth.
The use of a scanning antenna was
rejected on the same basis because its
side lobes could give rise to excessive
returns from the ground.

The figure shows the major functional
blocks of the system. In the transmitter,
a carrier signal at a frequency of 400
MHz would be turned on in pulses 3.33
ps long at a repetition rate of 4.25 KHz.
The resulting pulsed signal would be up-
converted to 94 GHz. The signal would
be amplified, then sent to an antenna
through a ferrite circulator. The circulator

TRANSMITTER
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Travelllng -Wave Tube, +46 dB Gain
Mixer
Phase-Lock
Cactator. [-[Swen ]G } } A
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Filter: Filter: +23 dB Gain
0.4 MHz 3 MHz
Wide at Wide at
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This Pulse Radar System would measure the heights of cloud structures below the flying
radar platform. According to a preliminary design, the system would have a mass of 108 kg
and would consume an average power of 225 W.

would serve as a transmit/receive
switch, protecting the receiver while
pulses from the transmitter were sent to
the antenna.

During the reception periods between
transmitted pulses, the return signal re-
ceived by the antenna would be routed
through the circulator to a 94-GHz low-
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noise amplifier in the receiver. The re-
ceived signal would then be filtered and
down-converted through two intermedi-
ate-frequency stages. At the second
intermediate frequency, the received sig-

nal would be sampled by an analog-to-
digital converter and sent to a data-pro-
cessing system for calculation of results.

This work was done by Eastwood Im,
Fuk K. Li, Stephen L. Durden, and

William J. Wilson of Caltech for NASA’s
Jet Propulsion Laboratory. For further
information, write in 27 on the TSP
Request Card.

NPO-19495

Cuff-Mounted Electronic Checklist Display Unit

A touch screen and liquid-crystal display shows text and pictures.

Lyndon B. Johnson Space Center, Houston, Texas

A portable electronic display unit has
been developed to provide text and pic-
tures to guide users through complex
technical procedures in the field. The
unit is strapped onto the user’s wrist in
the manner of a wristwatch (see figure),
leaving the user’s hands free to carry out
the procedures while referring to the dis-
played information. Intended originally
for use by an astronaut in a space suit,
the unit could also ease the tasks of
technicians on Earth by providing quick
and easy access to information, without
need to carry and thumb through mas-
sive service manuals.

The current design contains a micro-
controller and 2MB of electrically
erasable, programmable, read-only
memory. The display is a 320 x 240-pixel
liquid-crystal device. A transparent touch
screen is mounted over the display
device. The touch screen is divided into
six areas; touching each area causes the
display of a specific menu or page, or
could activate an electronic stopwatch.

The unit is powered by 10 commercial
alkaline AA battery cells, which provide
somewhat more than 20 hours of oper-
ation. The total weight of the entire
assembly is about 2.5 Ib. (1.14 kg). The
unit contains a heater to keep the dis-

Displ7 Unit WithTouch Screen

The Wrist-Mounted Display Unit would make available about 800 pages of text and illustra-
tions. A touch screen would facilitate access to desired pages, even with a heavily gloved hand.

play device warm enough for operation
in cold environments.

Information and operating code for the
display unit is compiled and organized by
use of a personal computer, to which the
unit would be connected for this pur-
pose. The information to be displayed
can be updated and otherwise changed
as needed via the computer, as demon-

strated during a recent flight experiment.

This work was done by Jose A.
Marmolejo and Richard Fullerton of
Johnson Space Center, and Paul
Cottingham, Chen-Hsiang Chen, and
Charles Shepherd of Lockheed Engi-
neering & Sciences Co. For further infor-
mation, write in 5 on the TSP Request
Card. MSC-22403

Computing Thickness of Sea Ice From
Polarimetric SAR Data

A neural network computes fairly accurate thicknesses from simulated

SAR scattering coefficients.

NASA’s Jet Propulsion Laboratory, Pasadena, California

An artificial neural network has been
developed for computing the thickness
of sea ice from polarimetric synthetic-
aperture-radar (SAR) data. Once the
neural network is trained, no further
intervention is needed: when stimulated
with SAR scattering data, it quickly
responds with an estimate of the thick-
ness of sea ice. This is an important
development because there has long
been a need for a method of remote
measurement of the thickness of sea ice
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for studies of the ice itself and of the
fluxes of heat from polar regions.

The neural network is of the multilayer
perceptron type, with one output node
(output neuron), a second hidden layer
containing 30 nodes, a first hidden layer
containing 10 nodes, and an adjustable
number of input nodes. Each input node
receives one of the polarimetric SAR
scattering coefficients, which express
the amplitude and phase relationships
among the incident and scattered hori-

zontally and vertically polarized compo-
nents of the radar signal. There are five
independent SAR scattering coefficients
for each operating frequency. Thus, for
example, five input nodes are used to
process single-frequency polarimetric
SAR scattering data, or 10 input nodes
for two-frequency data.

Because of a lack of experimental
data, the neural network was initially
trained and tested with SAR scattering
data computed from a mathematical

NASA Tech Briefs, July 1995
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The Outputs of the Neural Network (esti-
mates of the thickness of sea ice) are plot-
ted here along with the desired outputs,
which are the thicknesses used in the
mathematical model to compute the input
test data.

model of sea ice. The model incorpo-
rates the known dielectric properties of
ice and sea water and the known geom-
etry of brine inclusions within the ice. To
make the training and testing more near-
ly realistic by incorporating effects of vari-
ations in ice thickness, the input data of
the training set for each nominal thick-
ness d were computed by averaging the
model-generated data over a range of
thicknesses from d-A/2 to d+A/2.

The figure shows the actual and
desired responses of the neural network
for one- and two-frequency sets of input
data after training with model data aver-
aged with A values of 7 and 10 cm. The
average error for A = 7 cm was < 5 per-
cent, while that for the 10 cm case was =
10 percent. Even better results were
obtained when the neural network was
trained with three-frequency sets of data
(P, L, and C bands): for both values of A,
the average errors were about 2 percent
or less.

This work was done by Dave D.
Huynh, Simon H. Yueh, Son V. Nghiem,
and Ronald Kwok of Caltech for NASA’s
Jet Propulsion Laboratory. For further
information, write in 40 on the TSP
Request Card.

NPO-19343
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‘ Physical Sciences

X-Ray Moiré Techniques for Measuring Strain
Distributions of strains in hidden locations can be measured.
Langley Research Center, Hampton, Virginia

An x-ray moiré method provides for
measurement of strains throughout rela-
tively large regions and in locations that
are invisible or that are inaccessible to
measurement by other techniques. For
example, the x-ray moiré technique can
be used to measure strains between lay-
ers of material in rubber tires. The
method exploits the body of knowledge
already developed for optical moiré
measurement of strains.

The x-ray moiré method offers advan-
tages over optical methods of measur-
ing strains within the depths of objects,
in that x-ray imaging is not restricted to
optically transparent materials. The x-ray
moiré method also offers advantages
over the strain-gauge method in that
gauge wires are not needed and mea-
surements are not limited to discrete
gauge points.

In preparation for a typical application
of the x-ray moiré method, a radiopaque
material arranged in a grid or line pattern
is attached to the surface of the strain
specimen. Alternatively, if the specimen
is made by casting a monomer and then
polymerizing it, the radiopaque material
can be embedded in the specimen at or
before the time of casting (see Figure 1).
In the case of a tire, the internal belts
could constitute the test grid.

When the specimen is strained, an x-
ray photograph or electronic image is
made in the usual way. Being radi-
opaque, the wires show up in the x-ray
image, and any distortion in the line or
grid pattern of the wires can serve as a
measure of strain in the material in the
immediate vicinity of the wires.

To enable extraction of information on
the distortion of the wire pattern, it is
necessary to provide a grid pattern or a
second pattern of lines or dots to super-
impose upon, or through which to view,
the wire pattern in the x-ray image. In
this aspect, the method adapts nicely to
computer analysis: The pixel pattern or
scan lines of a video camera used in dig-
itizing the x-ray image or, alternatively, a
pattern of lines or dots generated by
digital processing could serve as the
second pattern.

In any event, the combination of the
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Figure 1. Parallel Wires 0.005 in. (=0.13 mm) in diameter and spaced 0.020 in. (=0.51 mm)
apart were embedded in a matrix of room-temperature-vulcanizing silicone rubber.

No Load

5-Ib. (=22-N) Load

10-Ib. (=45-N) Load

Figure 2. The Differences Between Successive Moiré Patterns show differences between
strains at three levels of tensile loading of a strip of rubber to which a grid of wires was attached.

two patterns yields a moiré pattern,
which varies with the distortion of the
wires (see Figure 2). To obtain quantita-
tive data on the distribution of distortion
and thus of strain, the moiré pattern is
analyzed by established moiré-analysis
techniques, with a few simple modifica-
tions and straightforward corrections for
differences between the geometries of
optical and x-ray imaging.

This work was done by Eric Irvine

Madaras of Langley Research Center.
No further documentation is available.

This invention is owned by NASA, and
a patent application has been filed.
Inquiries concerning nonexclusive or
exclusive license for its commercial
development should be addressed to
the Patent Counsel, Langley Research
Center; (804) 864-3521. Refer to LAR-
15104.
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Temperature Measurements Reveal Accretion

of Ice on Airfoils

Release of latent heat of fusion gives rise to a characteristic gradient of temperature.
Lewis Research Center, Cleveland, Ohio

A method of detecting the accretion
of ice on an airfoil is based on mea-
surement of a difference between the
temperatures at icing and nonicing
locations on the airfoil. The temperature
at a nonicing location is usually close to
ambient temperature, while the temper-
ature at an icing location is slightly high-
er because the freezing process releas-
es latent heat of fusion. The tempera-
tures and the difference between them
can be measured by use of contact
sensors (e.g., thermocouples) or a
remote sensor (infrared detector). The
measurements can be used to trigger
alarms and/or deicing equipment.

The method is intended especially for
detecting accretion of ice on a heli-
copter rotor. Because of the difficulty of
instrumenting a helicopter rotor, remote
sensing would be preferable in this
application. As shown in Figure 1, an
infrared detector could be mounted on
a helicopter fuselage facing up toward
the rotor, with its lens adjusted to focus
on the plane of the rotor.

The infrared detector could be a mer-
cury cadmium telluride device main-
tained at a temperature of about 200 K
by a thermoelectric cooler. The peak
spectral response of a mercury cadmi-
um telluride infrared detector lies in the
wavelength range of 2 to 5 um, which
represents an engineering compromise
between available detector perfor-
mance (which is better at shorter
infrared wavelengths) and the wave-
length of the peak of the black-body-
radiation spectrum at temperatures of
interest (about 10 uym at 0 °C).

The output signal of the detector
would be amplified, high-pass filtered
to remove any dc bias and retain only
the short-term-change signal compo-
nents, and digitized. To provide a time
reference for correlation of the detector
output with position along the chord of
the rotor blade, the digitizing circuitry
would be triggered by an optoelectron-
ic subsystem that would detect the
passage of the blade through the focal
point of the infrared detector.

Typically, icing occurs at or near the
stagnation point on the leading edge of
an airfoil, and not at the trailing edge.
Thus, icing can be detected in terms of
an increase in temperature as the lead-
ing edge crosses the focal point of the
detector, followed by a decrease
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toward the trailing edge (see Figure 2).
In practice, a resolution of about 0.2 °C
in measurement of the differential tem-
perature between leading and trailing
edges is achievable and is sufficient for
detecting accretion of ice if the design
of the specific rotor airfoil is such that
only leading-and trailing-edge mea-
surements are needed.

This work was done by Robert J.
Hansman, Jr, and Adam Lee
Dershowitz of Massachusetts Institute
of Technology for Lewis Research
Center. For further information, write
in 53 on the TSP Request Card.
LEW-15639
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Figure 1. An Infrared Detector Would Be Focused at a point on the plane of the rotor to
measure the instantaneous temperatures at passing surface points on the rotor blade.
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Figure 2. These Digital-Oscilloscope Traces represent the processed outputs of the detec-

tor in a prototype of the system of Figure 1 under some icing and nonicing conditions in a
test on a model rotor in a laboratory freezer. Note the increases in temperature near the lead-

ing edge under icing conditions.
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Fixture for Sampling Volatile Materials

in Containers

A sealing T-connector provides for analysis without

exposure to the atmosphere.

Marshall Space Flight Center, Alabama

A fixture based on a T-connector
enables mass-spectrometric analysis of
the volatile contents of cylindrical con-
tainers without exposing the contents
(gas or liquid) to ambient conditions. The
fixture can be used to sample the volatile
contents of pressurized containers, the
contents of such enclosed processing
systems as gas-phase reactors, gases
in automotive emission systems, and
gas in hostile environments.

body of the T-connector and to the con-
tainer. The strength of the O-ring seal
determines the limits of pressure that
can be tolerated.

In preparation for taking a sample for
analysis, the capillary tube in the hori-
zontal arm of the T-connector is con-
nected to the intake port of a mass
spectrometer, and a vacuum is formed
in the T-connector. A background mass
spectrum from the fixture is obtained.

M

Septum

Drill Inserted

«— Through Septum

Compression Nuts

Glass Capilliary
Tube to Mass
Spectometer

Graphite
Ferrule

Band Clamp
«— (One of Two)

Cylindrical Container
From Which Sample
is To Be Withdrawn

The Fixture for Sampling Volatile Materials is clamped onto a cylindrical container. It is
used to drill a hole in the container to draw off gases for analysis.

As shown in the figure, the ends of all
three arms of the T-connector are
threaded. The threaded end of the bot-
tom arm of the T-connector is screwed
into a tapped hole in an aluminum plate
1/8in. (3.2 mm) thick. The end of the top
arm of the T-connector contains a
formed septum held in place by a com-
pression nut. The horizontal is fitted with
a graphite ferrule that holds one end of a
glass capillary tube.

The fixture is attached via band
clamps (hose clamps) to the cylindrical
container, the contents of which are to
be analyzed. The clamps press the alu-
minum plate and the bottom arm of the
T-connector against the container. O-
rings are used to seal the plate to the
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Then a drill is inserted through the sep-
tum in the top arm of the T-connector
and is used to make a hole in the cylin-
drical container. Material from inside the
container then passes into the tee and
out the capillary tube to the mass spec-
trometer for analysis.

This work was done by Donald Melton
and Earl Howard Pratz of Martin Marietta
Corp. for Marshall Space Flight
Center. For further information, write
in 96 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to the Patent Counsel,
Marshall Space Flight Center; (205) 544-
0021. Refer to MFS-28843.
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Improved Solid-State Microanemometer
Structural rigidity is combined with optimum sensing capability and versatility.
Lewis Research Center, Cleveland, Ohio

The figure illustrates an improved
solid-state (that is, semiconductor)
microanemometer that is suitable
for measuring flows in a variety of
biomedical, industrial, and other
applications. This device includes
four integral sensing resistors that
are exposed to the flow to be mea-
sured and that serve as hot-film
anemometer subunits: the electrical
resistance of a subunit varies with
the degree of cooling induced by
the flow and is thus indicative of the
flow velocity. The sensing resistors
can be connected to external exci-
tation-and-measurement  circuits
that operate in any of the standard
hot-film-anemometer modes; con-
stant input voltage, constant input
current, or constant resistance
with feedback.

The small size, unique design, and
one-piece construction of this micro-
anemometer provide a combination of
short response time, structural rigidi-
ty, optimal dissipation of heat, and
versatility in  application.  The
microanemometer is made from a sin-
gle crystal of silicon that has been ini-
tially doped with deep-level impurity

(gold) atoms to a density of about 10"
cm to provide increased sensitivity via
an exponential relationship between
the concentration of free charge carri-
ers and temperature. The crystal is also
preferably counter-doped with phos-
phorus atoms to a density of about 5 x
10" cm™. After doping, the crystal is
thermally oxidized to create silicon
dioxide layers on the surfaces.
Thereafter, the crystal is microma-
chined to the required geometric, elec-
trical, and material configuration in a
sequence of processing steps that
include etching, oxidizing, deposition,
diffusion of dopants into, and passiva-
tion of selected various parts of the
crystal designated by masks.

By choice of the configuration of
external excitation-and-measurement
circuitry connected to the resistors,
each sensing resistor can be operated
separately or in combination with other
sensing resistors as part of a
Wheatstone bridge or other sensing
circuit. Consequently, the device can
be operated in a variety of flow-sensing
modes. For example, the sign (+ or -)
of the component of flow along a given
axis perpendicular to two resistors that

are parallel to each other can be deter-
mined by use of a differential measure-
ment mode to compare the current,
voltage, or resistance readings of the
two resistors. This measurement yields
the sign because the flow cools the
upstream resistor slightly more than it
cools the downstream resistor.

This versatility is made possible by
the unique micromachined structure, in
which the sensing resistors are ther-
mally and electrically isolated from
each other and substantially thermally
and electrically isolated from the rest of
the structure. The isolation is provided
by layers of silicon dioxide, which are
thermally insulating and electrically
nonconductive. The thermal isolation of
the sensing resistors also makes it
possible to operate them at higher
temperatures than would otherwise be
possible or convenient, to increase
sensitivity to flow.

This work was done by H. Thurman
Henderson and Walter Shieh of the
University of Cincinnati for Lewis
Research Center. For further informa-
tion, write in 22 on the TSP Request
Card. LEW-15172

Resistor

Top-Side Contact

Pressure-Relief Hole in Upper Silicon Dioxide Membrane

Upper Silicon Dioxide Membrane

Electrically
Conductive
Material

Lower Silicon Dioxide Membrane

Bottom-Side Contact

Passivation Layer Over
Top-Side Contact

Upper and Lower
Silicon Dioxide
Membranes

_________

This Microanemometer is fabricated by micromachining a single crystal of silicon. Its characteristics include improved response time,
structural rigidity, optimal dissipation of heat, and versatility in application. The use of bottom-side contacts increases structural rigidity and

eliminates the need for wire contact leads that could excessively perturb the measured flow.

50

NASA Tech Briefs, July 1995



Preheating Water in the Covers

of Solar Water Heaters
Efficiencies would be increased.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Solar water heaters that include glass
covers over absorber plates can be
redesigned to increase their efficiencies,
according to a proposal. A typical
redesign would include modification of a
single-layer glass cover into a double-
layer glass cover and the addition of
plumbing so that the cool water to be
heated could be made to flow between
the layers of the cover before entering
the absorber plate (see figure).

Reradiation and convection from the
absorber plate, plus some direct
absorption from incident sunlight, result
in parasitic heating of the cover. For the
basic solar water heater nothing is done
about this parasitic heating, and most of
the heat absorbed by the cover is lost to
the environment by convection and radi-
ation. In the improved design, the para-
sitic heating effect is used to preheat the

water. Some of the heat that would oth-
erwise be lost is recovered and the net
result is an increase in the overall solar-
heat-absorption efficiency.

The solar water heater would operate
most efficiently when the temperature of
the water entering the cover was close
to or below the ambient temperature.
Seals at the edges of the cover should
be designed to accommodate thermal
expansion of the cover layers. The flow
of water in the cover layers should be
kept laminar because turbulence could
contribute to undesired scattering of
incoming solar radiation.

This work was done by Pradeep
Bhandari of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, write in 86 on the TSP
Request Card. NPO-19142
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In the Improved Solar Water Heater, cool water would be preheated during flow between
inner and outer glass layers of a cover. The preheated water would then flow, as in a basic
solar water heater, through a serpentine conduit in a black absorber plate.
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Increasing the Lithium Capacity of a Carbon Electrode

Lithium can be intercalated into carbon up to the theoretical maximum concentration.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Two technigues of electrochemical
intercalation have been found to
increase the lithium capacity of an elec-
trode made of commercial graphitic
carbon. Carbons of various kinds have
been investigated for use in lithium-
bearing anodes (instead of pure lithium
anodes) in rechargeable lithium cells.
Although carbon has the desired prop-
erties (low weight, low voltage vs. lithi-
um, and chemical stability in the pres-
ence of electrolytes), intercalation of
lithium into carbon is not a trivial prob-
lem. Some prior research had focused
on the use of special carbon materials
that exhibit maximum reversible lithium
capacity; but until now, it was not
known how to intercalate lithium into
commercially available carbon to
achieve maximum theoretical capacity.
The useful range of lithium concentra-
tions in commercial carbon was also
not known.

The two techniques for increasing
the lithium capacity of a carbon elec-
trode were discovered in charge/dis-
charge measurements on an electro-
chemical cell of the configuration

(=) Li/[(1.5M LiAsFg in 10 percent

ethylene carbonate) +

(90 percent 2-methyl

tetrahydrofuran))/Li,C (+)

In the first technigque, the cell was ini-
tially discharged (that is, lithium was
allowed to intercalate into the carbon
electrode) at a constant current density
of 0.28 mA/cm®. When the cell voltage
reached zero vs. Li, the current was cut
off, allowing the cell voltage to rise to its
open-circuit value of 1.6 V vs. Li. The cell
was again discharged at constant cur-
rent; this procedure was repeated for a
total of four discharges. After the fourth
discharge, it was found that lithium
could be intercalated into the carbon
electrode at nearly the maximum theo-

retical composition of x = 1/6.

The second technique was similar to
the first except that it involved two dis-
charges at different currents. The cell
was first discharged at a constant cur-
rent of 0.224 mA/cm? until it reached 0
V vs. Li, at which point the composi-
tion was Lip04sC. The current was then

versible) compositional range is 0 < x <
0.045, which corresponds to the first
stage of intercalation.

This work was done by Chen-Kuo
Huang, Subbarao Surampudi, Alan .
Attia, and Gerald Halpert of Caltech for
NASA’s Jet Propulsion Laboratory.
For further information, write in 113 on
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First Stage: Current Density
= 0.224 mA/cm?
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Second Stage: Current Density
= 0.0389 mA/cm?

0.021

0.042 0.063

0.084
xinLi,C

0.105 0.126 0.147  0.168

Two Stages of Intercalation of Li into C at two different current densities bring the concen-
tration of Li up to nearly the theoretical maximum of x = 1/6.

cut off, allowing the cell voltage to
recover to 200 mV vs. Li. The cell was
then discharged at a current density of
0.389 mA/cm’. When the cell potential
reached O V vs. Li, the composition
was x = 0.166 — close to the theoret-
ical maximum.

After the foregoing treatment, the cell
was subjected to charge/discharge
tests. The results showed that the useful
(reversible) compositional range is 0.045
< x < 0.166, which corresponds to the
capacity range of second-stage interca-
lation, whereas the unusable (irre-

the TSP Request Card.

In accordance with Public Law 96-
517, the contractor has elected to retain
title to this invention. Inquiries concern-
ing rights for its commercial use should
be addressed to:

William T. Callaghan, Manager

Technology Commercialization

JPL-301-350

4800 Oak Grove Drive

Pasadena, CA 91109

Refer to NPO-18822, volume and
number of this NASA Tech Briefs issue,
and the page number.

Substances To Fill Lighter-Than-Air Balloons
Chemical reactions and phase changes would be exploited.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Various combinations of solid and
liquid chemicals have been proposed
as sources of hydrogen and other
gases for inflating lighter-than-air bal-
loons. In the original intended applica-
tion, the balloons would represent a
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new class of spacecraft capable of
multiple ascents and descents, as well
as multiple landings, in the atmos-
phere of Venus. The same technology
could be used to explore the atmos-
pheres of Jupiter, Saturn, Uranus,

Neptune, Saturn’s moon (Titan), and
even Earth, where meteorological and
atmospheric pollution studies could be
performed at multiple altitudes with a
single balloon. In all cases the energy
used to propel the balloon upward or
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downward comes from temperature differences in the plan-
et's atmosphere itself. Phase changes and/or reversible
chemical reactions could be used to vary quantities of gases
in balloons as functions of pressure and temperature and, ‘
thus, as functions of altitude: this capability would provide
means to control the altitude of a balloon. For example, an
unfilled balloon launched from an aircraft or spacecraft could
be allowed to descend until the increase in temperature with
decreasing altitude initiated a chemical reaction that released
hydrogen gas, preventing further descent. For another exam-
ple, to make a balloon oscillate between higher and lower ‘

altitudes, a lightweight metal hydride could be alternately i
heated at lower altitudes, then cooled at higher altitudes to ‘

desorb, then absorb hydrogen.

Yet another example involves the use of a fluid that con-
denses or vaporizes at a specific altitude to form a liquid or
a heavier-than-air gas, respectively. In this example, a pri-
mary lifting balloon would be filled with hydrogen or helium.
A secondary, height-controlling balloon would contain a |
substance such as methylamine or R114 (CCIF, CCIF,),
which are gases at the surface of the Earth but condense
at an altitude of about 6 — 7 km. Although the density of
these vapors exceeds that of air, its increased volume (over
that of the liquid) would displace additional air and cause
the vehicle to be more buoyant. If the condensed fluid was
trapped in a pressure vessel by a valve, the balloon could
then descend to the surface, and later lift off when the
valve is opened.

This work was done by Jack A. Jones of Caltech for
NASA’s Jet Propulsion Laboratory. For further informa-
tion, write in 283 on the TSP Request Card. NPO-19223 CrystalEyes 2 eyewear is available NOW
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Actual Flight Data of a helium balloon with a secondary balloon of
R114 fluid shows bobbing occurring at an altitude of about 7 km.
The R114 condenses above 7 km, creating less lift, and it evaporates
below 7 km, creating more lift.
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” Materials

Ni/NiCl, Reference Electrodes for Na/NiCl, Cells

Advantages of Ni/NiCl, include simplicity of construction,

stable potential, and durability.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

Reference electrodes made of nickel
cores with surface layers of nickel chlo-
ride have been proposed for use in
molten sodium tetracholoroaluminate
electrolytes in experimental sodium/
nickel chloride electrochemical cells.
These and other sodium/metal chloride
cells have been investigated for use in
several applications, including power-
ing electric vehicles and leveling loads
in power-distribution systems. In com-
parison with the aluminum electrodes
used heretofore, the proposed nick-

el/nickel chloride electrodes offer
1000
O80% ¢ @ ® ¢ o , 0 °® 500
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Figure 1. The Variation of Potential of a
Ni/NiCl; reference electrode with its state of
charge (or, equivalently, with the thickness
of the NICl, layer) is very small until dis-
charge is nearly complete (until the layer
nearly reaches zero thickness).

potential advantages of greater dura-
bility, greater stability and reproducibil-
ity of electrochemical potentials, less
sensitivity of electrochemical poten-
tials to variations in compositions of
electrolytes, and greater compatibility
with the cathodes, which are made of
nickel chloride.

A sodium/metal chloride cell compris-
es a molten sodium anode, a separator
made of sodium B”alumina (a solid elec-
trolyte), the molten electrolyte, and a
cathode made of a transition-metal
chloride. One of the characteristics that
a metal chloride must have to perform
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successfully as a cathode material is its
insolubility in the molten sodium tetra-
choloroaluminate electrolyte. Of the var-
ious metal chlorides examined, nickel
chloride appears to be the least soluble
in the basic chloroaluminate melt.
Previous research has shown that a
nickel electrode that has been slightly
anodized exhibits stable and repro-
ducible potentials in sodium chloroalu-
minate melts that contain various con-
centrations of chloride ions (incorporat-
ed via NaCl and AICl; impurities). It has
been conjectured that anodizing forms
a thin layer of NiCl, on the surface of the
Ni. The insolubility of the nickel chloride
would thus enable the use of an
anodized nickel electrode to obtain sta-
ble potential independent of the amount
of NiCl, on the surface.

Nickel/nickel chloride electrodes also
have large exchange-current densities,
which enable them to function as depo-
larizable electrodes. Large exchange-
current density is one of the require-
ments for a reference electrode; without
a large exchange-current density, the
electrode can become polarizable and
may even fail to attain its proper equilib-
rium potential. The exchange-current
density for a NiCl, electrode is of the
order of 10° A/cm® at a typical operat-
ing temperature of > 250 °C; this com-
pares well with the exchange-current
densities of a hydrogen reference elec-
trode on platinum.

A nickel/nickel chloride reference
electrode can be fabricated easily by
electrochemically oxidizing a high-purity,
polished nickel wire immersed in the
electrolyte to form a few layers of nickel
chloride on its surface. The wire elec-
trode can typically be charged to a chlo-
ride layer with a thickness of 5.5 pm
(which corresponds to the area specific
capacity of 2.88 C/cm® at 220 °C)
before a voltage inflection begins. The
potential of the electrode is 950 mV vs.
Na'/Na at 250 °C. Also, the potential is
stable (within 1 mV) and invariant (with-
in 1 mV) with the state of charge (or,
equivalently, the thickness of the NiCl,
layer) (see Figure 1). Its potential mea-

sured against an aluminum reference
electrode increases with temperature
at a rate of 0.26 mV/°C. Against a
Na’/Na electrode — that is, an
Na/NiCl, cell — its potential has a neg-
ative temperature coefficient of —-0.233
mV/°C (see Figure 2).

The durability of a nickel/nickel
chloride reference-electrode material
has been demonstrated in basic
electrochemical studies on metal
chloride cathodes, some lasting
months. For example, ac-impedance
data on a 2-Ah Na/NiCl, cell subject-
ed to 100 charge/discharge cycles
for four months were found to be
highly reproducible and free of scat-
ter when the Ni/NiCl, electrode was
used. A nickel/nickel chloride refer-
ence electrode can be reconditioned
by electrochemical oxidation, if nec-

= 1020 2620
E aVs. Na*/Na oa E
é -
3 o g
£ 1000 - A - 2600 £
2 ' 2
2 . @
£ 980 * 2 2580 3
g *vs. Al i g
°
a
e 1 1 l L 1

960 2560
150 190 230 270 310 350
Cell Temperature, °C

Figure 2. The Potential of the Ni/NiCl,
Reference Electrode against an Al refer-
ence electrode increases with temperature,
while its potential vs. an Na+ electrode
decreases with temperature.

essary, to ensure the presence of
NiCl, on its surface.

This work was done by Ratnakumar
Bugga, Alan Attia, and Gerald Halpert of
Caltech for NASA’'s Jet Propulsion
Laboratory. For further information,
write in 279 on the TSP Request Card.
NPO-19179
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CONAP® creates
and supplies a wide ¥
range of special en-
gineered materials...
including unique
polymers...to meet
the critical applica-
tions of the aero-
space, computer,
defense, bio-
medical, electrical/
electronics, auto-
motive and associ-
ated industries.

Electrical Insulating
Materials

A wide range of polyurethane and epoxy,
filled and unfilled, potting and encap-
sulating compounds for the electrical/elec-
tronics industry.

CONATHANE® and CONAPOXY® potting
and encapsulating materials are used
worldwide for potting electrical com-
ponents such as transformers, modules,
strain sensitive circuitry, coils, cable con-
nectors and similar devices.

CONAP potting materials meet the re-
quirements for many military and commer-
cial specifications. In addition, a number
of CONATHANE potting materials have
received UL-Recognition.

For More Information Write In No. 531
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Elastomers
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component,
CONATHANE
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temperature cur-
ing elastomers
and CONAP
elastoplastics,
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Shore A to 80
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fixtures, stamping dies, press pads, rollers,
core boxes, flexible molds and a variety of
other applications.

In addition, CONAP offers a complete
series of high-performance polyether,
polyester and aliphatic elastomers.

For More Information Write In No. 532

Adhesives and Sealants
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ponent epoxy
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component
polyurethane and
epoxy adhesive/
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primers for bond-
ing materials to a
wide variety of
substrates.

Extensive versatility;
low viscosity to
highly thixotropic; flexible to rigid; room or
elevated temperature curing. Adhesives for
industrial/structural applications. Sealants
for bio-medical, air and liquid filtration.

For More Information Write In No. 533

Conformal Coatings

CONAP has
developed a wide
range of coatings
for the electrical/
electronics in-
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and commercial
applications.

Several CONAP
coatings meet the
requirements of
military specifica-
tions.
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polyurethanes,
acrylics and
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Recognition for several of our
polyurethane and acrylic conformal
coatings.

Included among the MIL-Spec approved
and UL-Recognized coatings is a unique,
single component, water-based
polyurethane coating.

For More Information Write In No. 534

Chemical Products

CONACURE?® curing agents for epoxies
and polyurethanes.

Accessory Products

Mold release agents and color concen-
trates for epoxy and polyurethane resin
systems.
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Economical
Manufacturing,
Convenient Packaging
and Prompt Shipping
For Any Size Order

Whether you require large quantities of
standard products, or small quantities of
specialized materials, we can manufacture
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viscosity, high viscosity and thixotropic
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high shear mixing or high temperature
reactions.
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FREE CAPABILITIES
BROCHURE!

For More Information Write In No. 535

CONAP, INC.

1405 Buffalo Street
Olean, NY 14760-1139
(716) 372-9650

FAX: (716) 372-1594
TELEX: 510-245-2769




Transition-Metal Additives for Long-Life Na/NiCl, Cells

These additives alleviate fading of capacity.
NASA's Jet Propulsion Laboratory, Pasadena, California

Transition-metal additives in the cath-
odes of Na/NiCl, high-temperature,
rechargeable electrochemical cells have
been found to slow a premature fading
of charge/discharge capacity. The
decline in capacity of such a cell has
been attributed to the agglomeration of
Ni particles at the cathode: this agglom-
eration reduces the electrochemical area
of the cathode. The addition of sulfur
alleviates the premature fading of capac-
ity aimost completely, but also gives rise
to corrosion and other adverse effects.

The investigation of transition metals
as alternatives to sulfur was inspired, in
part, by the observation that there is no
agglomeration of Fe particles or prema-
ture loss of capacity in Na/FeCl, cells.
On the other hand, FeCl, cathodes,
especially those that contain Ni as an
additive for overcharge protection,
exhibit increased porosity after cycling. It
follows that addition of Fe should allevi-
ate the agglomeration of Ni and the con-
comitant loss of capacity in NiCl, cath-
odes. Other transition metals should
also exert this beneficial effect. These
transition-metal additives would also
oxidize during charging, forming mixed
chlorides. Depending on the choice of
transition-metal additive for a particular
cell, the additive might even participate
in the desired electrochemical reactions
in the cell, thus contributing to the spe-
cific energy of the cell.

In preparation for experiments to test
this concept, cathode electrode bodies
that contained 90 weight percent nickel
plus, variously, 10 weight percent of
cobalt, manganese, or iron, were fabri-
cated by sintering under conditions sim-
ilar to those for making nickel (only)
cathode bodies for NiCl, cathodes.
Because the potentials of the chlorides
of Co, Mn, and Fe are lower than that of
NiCl,, these metals could be chlorinated

during charge, to form mixed-chloride
cathodes. It was theorized that uniform
dispersions of the additives in the cath-
ode matrices might prevent agglomera-
tion of nickel particles and maintain the
microstructures, thereby maintaining the
capacities of the cathodes.

Data from charge/discharge measure-
ments were performed on 2-Aeh cells
constructed with these cathodes and
one with a NiCl, (no additive) cathode.
The cells that contained the additives
retained their capacities somewhat bet-
ter than the no-additive cell did (see fig-
ure). In addition, the additives underwent
reversible electrochemical reactions in
the potential range of 2.0 to 3.0 V, thus
contributing to the charge/discharge
capacities and energy densities, which
otherwise would have decreased. The
cell that contained cobalt failed prema-
turely, possibly because of a failure of its
solid electrolyte.

The beneficial effect of the metal addi-
tives is not as prominent as is that of sul-
fur. Nevertheless, it may be possible to
combine the addition of transition metals
to cathodes with the addition of sulfur to
electrolytes to obtain a synergistic bene-
ficial effect on the microstructure and,
thus, the retention of capacity of NiCl,
cathodes during charge/discharge cycling.

This work was done by Ratnakumar V.
Bugga, Subbarao Surampudi, and Gerald
Halpert of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further informa-
tion, write in 18 on the TSP Request Card.

This invention is owned by NASA,
and a patent application has been filed.
Inquiries concerning nonexclusive or
exclusive license for its commercial
development should be addressed to
the Patent Counsel, NASA Resident
Office-JPL; (818) 354-5179. Refer to
NPO-19200.
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The Charge/Discharge Capacities of all the cells faded, but that of the cell containing the

cathode without additive declined most rapidly.

Supertough Stainless Bearing Steel

Fracture toughness exceeds that of any other bearing steel.
Marshall Space Flight Center, Alabama

The composition and processing of a
supertough stainless bearing steel were
designed with the help of computer-aided
thermodynamic modeling. The fracture
toughness [typically, 47 MPa(m)"?] and
hardness (60.4 Rockwell C) of this steel
exceed those of other bearing steels like
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440C stainless bearing steel (see figure).
The steel was developed for service in fuel
and oxidizer turbopumps on the Space
Shuttle main engine. Because of its
strength and toughness, it may also prove
useful in other applications like gears and
surgical knives.

This steel is significant not only
because of its unigue mechanical proper-
ties but also because it is a prototype
product of an emerging interdisciplinary,
systems approach to the design of mate-
rials from specifications and first princi-
ples: In this approach, the steel or other
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material is regarded as a system of inter-
dependent processing, structure, and
property subsystems. The composition
selected by this approach for this particu-
lar steel is 56.15 Fe/22.5 Co/12 Cr/8.5
Ni/0.3 Mo/0.25 V/0.30 C (numbers indi-
cate weight percentages). The carbon
content was chosen to obtain the required
hardness, while the chromium content
was selected for resistance to corrosion.
The molybdenum and vanadium contents
were chosen to maximize nucleation of
desired metal carbides (M,C) while limiting
undesired metal carbides (MgC). The nick-
el and cobalt contents were determined
by requiring a specific amount of austen-
ite to be stable at tempering tempera-
tures. The thermodynamic stability of the
precipitated austenite at room tempera-

ture was optimized to enhance transfor-
mation toughening.

This work was done by Gregory B.
Olson of Northwestern University for
Marshall Space Flight Center. For fur-
ther information, write in 110 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
addressed to:

Northwestern University

633 Clark Street

Evanston, Il 60208-1111
Refer to MFS-26233, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.
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bearing alloys at similar hardness values. The temperatures and times indicated in parenthe-

ses are those of tempering heat treatments.

Improved Growth of Diamond Films
From Oxyacetylene Torch

Addition of CO increases the number of nucleation sites

for growth of diamond.

Marshall Space Flight Center, Alabama

Two modifications have been pro-
posed to improve the nucleation and
growth of diamond films on surfaces by
use of an oxyacetylene torch. In one
modification, carbon monoxide would
be added to the fuel gas; in the other
modification, carbon monoxide, methane,
and oxygen would be added in synchro-
nized pulses. The second modification is
intended not only to improve the nucle-
ation and growth of diamond films but

NASA Tech Briefs, July 1995

also to make those films more nearly
homogeneous over areas larger than the
spots of such film grown by the oxy-
gen/acetylene-growth technique that
has been used until now. The modified
technique is expected to enable deposi-
tion of diamond films on alternative
materials — in particular, copper.
Heretofore, oxygen/acetylene growth
of a diamond film has been effected by
orienting an oxyacetylene torch above

The “eyes”
have it...

Now your video
camera can too.

i Sight’s new iSC2050
LcamPuter™ Digital Video
Camera with Adaptive
Sensitivity™ and the advanced
iSP2000 digital video processor
emulates the human eye’s ability
to perceive detail in high con-
trast lighting environments.

With an unmatched wide
dynamic range of over 72dB,
miniature remote camera head
and builtin microprocessor, the
iSC2050 pcamPuter™ is ideal
for applications with a wide
range of illumination or contrast.

The iSC2050 is available as a
complete system, or as variously
configured board sets for OEM
applications.

Take a look for yourself.
See what we see.

< IE
¢ i Sight, Inc.

14 Ridgedale Ave., Suite 125
Cedar Knolls, NJ 07927
201/326-6720
Fax: 201/326-8943

For More Information Write In No. 441




a substrate of silicon or molybdenum, controlling the tem-
perature of the surface of the substrate, and maintaining the
ratio of acetylene to oxygen in the general range of 0.85 to
1.02. In the best case, this produces a spot deposit that con-
sists primarily of diamond in the center, but the proportion of
carbon in nondiamond forms increases with distance out-
ward from the central region. This radial distribution prevents
the use of oxygen/acetylene growth to produce continuous
diamond coats because the nondiamond carbon is deposit-
ed on the surface prior to the deposition of diamond.

Both modifications are expected to increase the rate of
nucleation and the rate of growth of diamond. Preliminary
experiments indicate that the first modification (the simple

addition of CO) increases the number of nucleation sites of
diamond deposits and improves the quality of the deposits.
The second modification (pulsed, synchronized additions of
CO, CH,, and O,) is expected to remove nondiamond carbon
and increase the nucleation of diamond, thereby promoting
the growth of larger, more nearly homogeneous (and, perhaps
continuous) diamond films.

This work was done by Floyd E. Roberts lll of Marshall
Space Flight Center. No further documentation is available.

Inquiries concerning rights for the commercial use of this
invention should be addressed to the Patent Counsel, Marshall
Space Flight Center; (205) 544-0021. Refer to MFS-28838

Improved Fabrication of Cathodes for Solid-State Li Cells

Utilization of the cathode material is increased.

NASA’s Jet Propulsion Laboratory, Pasadena, California

Improved composite-cathode/polymer-electrolyte units for
solid-state lithium secondary electrochemical cells have been
fabricated in a modified version of the original method of fabri-
cation. Further development of the improved units may lead to
increases in the energy and power densities and in the cycle
lives of rechargeable lithium cells.

In both the original and modified methods, a composite-
cathode/polymer-electrolyte unit is made by (1) casting a solu-
tion of the composite cathode material, (2) allowing the solvent
to evaporate to form a composite cathode film, (3) casting a
solution of the polymer electrolyte on the cathode film, and (4)
allowing the solvent from this second solution to evaporate also

T PERFORATED METAL
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to form the solid electrolyte. The cathode material is a com-
posite of polyethylene oxide (PEO), LIN(CF:SO,),, and TiS,,
wherein TiS; is the active cathode material. The polymer elec-
trolyte consists of a matrix of PEO containing LIN(CFzSO5),.

In the original method of fabrication, the same solvent (ace-
tonitrile) is used in casting both the cathode and the polymer
electrolyte. As a result, during the casting of the polymer elec-
trolyte on the cathode, some of the TiS; is leached out of the
cathode and deposited as particles in the polymer electrolyte.
When a lithium anode is placed on the cathode/polymer-elec-
trolyte unit to form a cell, these TiS, particles make small short
circuits that lead to poor utilization of the cathode material and
quick degradation of the cell.

In the modified method, the cathode is cast from acetonitrile
as in the original method, but the polymer electrolyte is cast
from a different solvent; namely, methanol. This method
exploits the fact that (1) methanol dissolves PEO and
LIN(CF:S0O,), salt at temperatures around 50 °C but not at
room temperature and (2) once dissolved at the higher tem-
perature, the PEO and LiN(CF:SO,), do not precipitate when
the solution is cooled to room temperature. This means that
when the polymer-electrolyte solution is applied to the cathode,
the cathode remains intact and TiS; is not leached out.

In an experiment, a composite-cathode/polymer-electrolyte
unit made by the modified method was assembled with a lithi-
um anode to form a cell of 30 mAeh nominal capacity. A simi-
lar cell was assembled with a cathode/electrolyte unit made by
the original method. In charge/discharge cycles at a tempera-
ture of 56 °C, the cathode made by the modified method
exhibited superior performance (see table).

This work was done by Ganesan Nagasubramanian of Caltech
for NASA's Jet Propulsion Laboratory. For further information,
write in 108 on the TSP Request Card. NPO-19285

an TR TRE o e e | uires i F :;,t.ﬂ‘.P‘L*-‘L_-.ﬁ_;&' St
Both Initial Capacity and Capacity Retained after several
charge/discharge cycles were greater in the case of the cathode
made by the modified (two-solvent) method.
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In fact, when we developed [-DEAS
Master Series” software, we relied on the opinions and guidance of top engineers
at some of the world’s leading manufacturers. We asked them what a mechanical
design automation system should do and then we built it.
WHAT WERE USERS LOOKING FOR?
EASE-OF-USE A recent study of user interfaces ranks [-DEAS Master
Series as the easiest-to-use in the industry. And the unique Dynamic Navigator™
style of interaction lets you concentrate on your design, instead of memorizing
long command sequences.
TEAM DESIGN SUPPORT Your product development teams
will have the flexibility to manage and share data in a controlled, concurrent

environment with the [-DEAS Team Data Manager™. And with Concurrent

Associativity”, your team can work together
synergistically—work done in one application
can automatically update the master model,
and team members are notified of every change.

SEAMLESS INTEGRATION

e e e,

You can create, simulate, optimize, docu-
ment, build, and test your products all

within a single electronic environment:

=51 LDEAS Master Series.

EASY CONNECTIVITY [-DEAS Master Series allows you to contin-
ue to work with, or migrate from, other commercial software applications. This
way you can protect your investment in older CAD/CAM data as well as work
with your preferred specialty applications. But don’t take our word for it—form
your own opinion. Contact your local SDRC representative and arrange to test
drive I-DEAS Master Series. 1= 800-848-737 2.

I-DEAS Master Series, Dynamic Navigator, I-DEAS Team Data Manager, Teamwork at Work and Concurrent Associativity are
trademarks of Structural Dynamic sarch Corporation, SDRC is a registered trademark of Structural Dynamics Research Corporation
All other trademarks, or registered trademarks belong to their respective holders

For More Information Write In No. 622

AND A THIRD,

“Designing {
mstrumentation sys-
tems means that we
must be able to reli-
ably transfer electron-
ic design automation
data from Mentor
Graphies” Board-
Station into I-DE
Master Series for
mechanical design.
The process is very
simple and straight-
forward, which makes

our jobs easier.”

Ken Huff
Honeywell Air

'l'ruus[mrl .\"\'xh'mx

AND A FOURTH,

“The associativity
between part model
files and assemblies is
very valuable. You
can modify a part
and the change will
be reflected in the
assembly. This allows
us to ensure our data
will stay consistent
and standardized.”

Greg Salyers
Hamilton Beach/
Proctor-Silex, Inc.

SDRC

Teamwork at Work™




@l Computer Programs

COSMIC: Transferring NASA Software

COSMIC, NASA'S Computer Software Management and Information Center, distributes software
developed with NASA funding to industry, other govemment 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, write in 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 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 Transfer Network.

COSMIC® —
Timothy L. Peacock, Director
Phone (706) 542-3265;
FAX (706) 542-4807
The University of Georgia,
382 East Broad Street,
Athens, Georgia 30602

Computer Programs

These programs may be obtained at a very rea-
sonable cost from COSMIC, a facility sponsored
by NASA to make computer programs available
to the public. For information on program price,
size, and availability, write in the reference
number on the TSP and COSMIC Request
Card in this issue.

@ Mechanics

Updated Panel-Method
Computer Program

PMARC_12 computes potential
flows, and includes capabilities
for modeling wakes.

Panel-method computer programs are
software tools of moderate cost used for
solving a wide range of engineering prob-
lems. The panel code PMARC_12 (Panel
Method Ames Research Center, version
12) can compute potential-flow fields
around complex three-dimensional bod-
ies such as complete aircraft models.

PMARC_12 is a well-documented, high-
ly structured computer code with an open
architecture that facilitates modifications
and the addition of new features.
Adjustable arrays are used throughout the
code, with dimensioning controlled by a set
of parameter statements contained in an
"include" file; thus, the size of the code (i.e.,
the number of panels that it can handle)
can be changed very quickly. This enables
the user to tailor PMARC_12 to specific
problems and to the constraints imposed
by computer hardware. In addition,
PMARC_12 can be configured (through
one of the parameter statements in the
“include" file) so that an iterative matrix-
equation-solving algorithm in the code is
run entirely in random-access memory
(RAM) rather than by reading a large matrix
from disk at each iteration. This significant-
ly increases the speed of execution of the
code, but it requires a large RAM.
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PMARC_12 contains several advanced
features, including internal mathematical
modeling of flow, a time-stepping wake
model for simulating either steady or
unsteady (including oscillatory) motions, a
capability for a Trefftz computation of drag
induced by a plane, and capability for com-
putation of off-body and on-body stream-
lines, and capability of computation of
boundary-layer parameters by use of a
two-dimensional integral boundary-layer
method along surface streamlines.

In a panel method, the surface of the
body around which the flow field is to be
computed is represented by a set of pan-
els. Singularities are distributed on the
panels to perturb the flow field around the
surfaces of the body. PMARC_12 provides
constant-strength source and doublet dis-
tributions over each panel; this character-
istic makes it a low-order panel method.
Panel methods of higher order provide for
the strengths of singularities to vary linear-
ly or quadratically across each panel.
Experience has shown that panel methods
of higher order can cover a wide range of
cases, with significantly reduced computa-
tion times; hence, the low-order formula-
tion was adopted in PMARC_12.

The flow problem is solved by modeling
the body as a closed surface that divides
space into two regions: (1) the region out-
side the surface, in which region an
unknown velocity potential represents the
flow field of interest, and (2) the region
inside the surface, in which region a
known velocity potential that represents a
fictitious flow is prescribed as a boundary
condition. Both velocity potentials are
required to satisfy Laplace's equation. A
surface integral equation for the unknown
potential outside the surface can be writ-
ten by applying Green's Theorem to the
external region. Using the internal potential
and zero flow through the surface as
boundary conditions, one can solve for the
unknown potential external to the surface.

The internal-flow option enables the
analysis of flows in closed ducts, wind tun-
nels, and similar internal-flow apparatus.
When this option is selected, the geometry

is modeled in such a way that the flow field
of interest is inside the geometrical object
that defines the boundary and the fictitious
flow is outside the object. Such items as
wings, struts, and aircraft models can be
included in an internal-flow problem.

The time-stepping wake model gives
PMARC_12 the ability to model both
steady and unsteady flows. The wake is
convected downstream from the wake-
separation line by the local velocity field.
With each time step, a new row of wake
panels is added to the wake at the wake-
separation line. Time stepping can start
from time t=0 (no initial wake) or from time
t=t, (an initial wake is specified). A wide
range of motions can be prescribed, includ-
ing constant rates of translation, a constant
rate of rotation about an arbitrary axis, oscil-
latory translation, and oscillatory rotation
about any of the three coordinate axes.

Investigators interested in visual repre-
sentations of the phenomena they are
studying with PMARC_12 may want to
consider obtaining the program GVS (ARC-
13361), the General Visualization System.
GVS is a Silicon Graphics IRIS program that
was created to support the scientific-visual-
ization needs of PMARC_12. GVS is avail-
able separately from COSMIC.

PMARC_12 is written in standard
FORTRAN 77, with the exception of the
NAMELIST extension used for input.
This makes the code fairly machine-
independent. A compiler that supports
the NAMELIST extension is required.
The amount of free disk space and RAM
required for PMARC_12 varies, depend-
ing on how the code is dimensioned by
use of the parameter statements in the
"include" file. The recommended mini-
mum memory capacities are 20 Mb of
free disk space and 4 Mb of RAM.
PMARC_12 has been successfully exe-
cuted on a Macintosh Il computer run-
ning System 6.0.7 or 7.0 (using
MPW/Language Systems FORTRAN
3.0), a Sun SLC computer running
SunOS 4.1.1, an HP 720 computer run-
ning HP-US 8.07, an SGI IRIS computer
running IRIX 4.0 (it cannot be executed
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42 GB at 12 MB
Per Second.

The CY-9000 1/2" digital tape drive
gives you fifty times the capacity and
four times the speed of 3490 drives—
with a much lower cost per megabyte.
Writing data at 12 MB per second, it
can store 42 GB in less than an hour.
With a 32 MB data buffer, it's the
perfect match for the fastest host
computer systems running the most
demanding storage and data collec-
tion applications.

Based on field-proven helical scan
recording, the CY-9000 brings capac-

ity and speed together like no other

- True Compatibility With:

Aliant HP Prime

Altos [BM Pyramid

Apollo CL Sequent

Arix Intergraph Silicon Graphics
AT&T Macintosh STC

Basic-4 McDonnell Sun
Concurrent Douglas Texas Instruments
Convergent Motorola Unisys

Convex NCR Ultimate

Cray Parallel Pot ~ Wang

Data General  PC — and more
DEC Pertec

Gould/Encore Plexus

solution. With A MTBF of 200,000
hours and a bit error specification of
less than one in 10" bits read, reliabil-
ity and data integrity are also unsur-

passed.

50 Times the Capacity
of 3490 Tapes

168 Times the Capacity
of 3480 Tapes

250 Times the Capacity
of 9-Track Tapes

The CY-9000 can read and write
both 42 GB and 12 GB cartridges, and
automatically adjusts for the cartridge
in use. A backlit display provides com-
plete status information.

Backed by a one year warranty and
the service and technical support of
our in-house engineering teams, the
CY-9000 is the high speed data storage

solution you've been waiting for.

Call today for more information at

(804) 833-9000

CYBERNETICS

Tera One * Yorktown, Virginia 23693 ¢ Fax (804) 833-9300

For More Information Write In No. 596



THERMOELECTRICS FOR

ELECTRO-OPTICS

MELCOR introduces high-performance,
low-cost multi-stage thermoelectric coolers
for a broad range of laser and electro-optic
applications. For maximum cooling in
minimum space, nothing beats our new
A line of single- and multi-stage thermo-
@ clectric coolers (TECs).

They offer:

* Subminiature Size

¢ Low Current Operation

« High Performance

You can use these little TECs for a big
range of applications:

¢ CCD Cameras

« Laser Diodes

* |R Detectors

* Thermal Imaging Systems
 Spectrophotometry

» Fiber Optics

Call MELCOR with yourapplication!

T mellcoRr

Melcor Corporation

1040 Spruce Street » Trenton, NJ 08648
609/393-4178 Fax: 609/393-9461

For More Information Write In No. 440

REPEATED INSERTION
& REMOVAL FORCES

Bal Seal springs enable consistent S\,
performance despite frequent cycling < l/
in connect/disconnect applications

Many applications require that the insertion and Mﬁf\

removal forces not change over repeated use. The CANTED-COIL SPRING
design of Bal Seal’s patented canted-coil spring allows
the spring to deflect for thousands of cycles without
becoming fatigued and without losing its initial force.
Numerous standard spring designs provide forces from
several grams to several hundred pounds.

Bal Seal springs are available in stainless steels, nickel
alloys, and beryllium copper. Coil heights start from
0.015 inch and ring dimensions start from 0.020 inch.

For more information contact the
technical sales department at:

Tel: 800-366-1006 + 714-557-5192
Fax: 714-241-0185

BAL SEAL ENGINEERING COMPANY, INC.

620 West Warner Avenue
SEAT Santa Ana, California 92707-3398

HOLD

U.S. patent 4,678,210,
©1995 Bal Seal Engineering Co., Inc.
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under IRIX 3.x.x without modifications),
and IBM RS/6000 computer running AlX,
a DECstation 3100 computer running
ULTRIX, and a CRAY-YMP computer run-
ning UNICOS 6.0 or later. Because of its
memory requirements, this program does
not readily lend itself to implementation
on MS-DOS-based computers. The stan-
dard distribution medium for PMARC_12
is a set of three 3.5-in. (8.89-cm), 800K
Macintosh-format diskettes and one 3.5-
in. (8.89-cm), 1.44 Mb Macintosh-format
diskette that contains an electronic copy
of the documentation in MS Word 5.0 for-
mat for the Macintosh. Alternate distribu-
tion media and formats are available upon
request, but these do not include the
electronic version of the document. No
executable codes are included on the dis-
tribution media. This program is an
update to PMARC version 11, which was
released in 1989. PMARC_12 was
released in 1993. It is available for use by
United States citizens only.

This program was written by Dale L.
Ashby of Ames Research Center. For
further information, write in 81 on the
TSP Request Card. ARC-13362.

Mathematics and
Information Sciences

Estimating Maintenance
Demands of a Space Station

RENEW estimates failure
and repair times by use of
Monte Carlo simulations.

The RENEW computer program simu-
lates maintenance events and estimates
data pertinent to maintenance
demands. RENEW was developed in
support of the Space Station Freedom
Program (SSFP) Work Package 4 at
NASA Ls Research Center. RENEW
uses data on reliability and maintainabil-
ity (R&M) as well as logistical data to
estimate both average and time-depen-
dent maintenance demands. RENEW
uses Monte Carlo techniques to com-
pute failure and repair times as functions
of the R&M and logistical parameters.
The estimates are generated for a single
type of orbital replacement unit (ORU)
(basically, an equipment module).

The RENEW simulation gives closer
estimates of performance than steady-
state average calculations do because it
uses a time-dependent approach and
depicts more factors that affect the fail-
ure and repair of an ORU. RENEW gives
both average and time-dependent values
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of maintenance demands and generates
graphs of both failures over the duration
of a mission and yearly occurrences of
failures. The demand rate for the ORU
averaged over the duration of the mission
is also calculated. While RENEW displays
the results in graphs, the results are also
available in tables of data.

The process of using RENEW starts
with keyboard entry of the R&M and
operational data. Once entered, the
data can be saved in a data file for later
retrieval, and the parameters can be
viewed and changed. The simulation
program runs the number of Monte
Carlo simulations requested by the
operator. Plots and tables of the results
can be viewed on the computer video
monitor or sent to a printer. The results
of the simulation are saved along with
the input data. Help screens on the
video display are provided with each
menu and data-entry screen.

RENEW is written in BASIC and
Assembly language for IBM PC-series and
compatible computers running MS-DOS.
Microsoft ~ QuickBasic Professional
Development System and Crescent
Software's QuickPak Professional are
required to compile the source code. A
CGA or VGA monitor is required. A sample
executable code is provided on the distrib-

ution medium. The standard distribution
medium for this program is one 5.25-in.
(13.34-cm) 360K MS-DOS-format diskette.
This program was developed in 1992.

This program was written by B.L.
Bream of Lewis Research Center. For
further information, write in 76 on the
TSP Request Card. LEW-15666

# Machinery

NASA-GRA —
Geared-Rotor Analyzer

Effects of elasticities, unbalances,
and errors are modeled.

NASA-GRA is a computer program
designed to solve for the steady-state
dynamic responses of multigeared rotor
systems. It is based on the transfer-matrix
method combined with the harmonic-bal-
ance method. NASA-GRA includes an
accurate gear-mesh model for spur and
helical gears, containing time-varying
mesh stiffnesses, gear-mounting errors,
and gear-profile errors. The program also

includes an accurate disk model contain-
ing inertia-based dynamic coupling terms
due to the mass and skew unbalances. In
addition, it includes a massless-elastic-
shaft model and a linearly coupled fluid-
film bearing model. The analysis frequen-
cies are chosen by the user.

NASA-GRA is written in FORTRAN 77
to be machine-independent. It has been
successfully implemented on computers,
from 486 PCs to Crays. Because of the
large sizes of certain array structures,
implementation on the IBM PC-series
computers is not recommended. NASA-
GRA requires 4MB of random-access
memory for execution. The standard dis-
tribution medium for NASA-GRA is a
0.25-in. (6.35-mm) streaming-magnetic-
tape cartridge (Sun QIC-24) in UNIX tar
format. Alternate distribution media and
formats [3.5-in. (8.89-cm) floppy disk in
DOS format] are available upon request.
NASA-GRA was developed in 1989 and
released to COSMIC in 1993.

This program was written by N. Park of
Pusan National University, D. Kim of the
University of Ulsan, and J. W. David of
North Carolina State University for Lewis
Research Center. For further informa-
tion, write in 156 on the TSP Request
Card. LEW-15148

HIGH
RESOLU

FROM

TION
GGD CAMERA!

One-Piece Design —
Expanded Control Capability

The KODAK MEGAPLUS Camera,
Model 1.4i offers:
# Flexible camera operation through
RS-232 or RS-422 serial control.
# 8 bit digital output and resolution
of 1.4 million pixels.
® 6.9 frames-per-second.
¥ Ask about Kodak’s complete line
of Megapixel CCD Cameras.

W
Ngdel

For more information call:
800-462-4307, Ext. 622

EASTMAN KODAK COMPANY
MOTION ANALYSIS SYSTEMS DIVISION
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Omnidirectional Actuator Handle

The actuating force could be applied from any direction.
Lyndon B. Johnson Space Center, Houston, Texas

A proposed actuator handle would
comprise two normally concentric rings,
cables, and pulleys arranged such that
relative displacement of the rings from
concentricity would result in pulling of a
cable and consequent actuation of an
associated mechanism. Unlike conven-
tional actuator handles like levers on
farm implements, which can be actuat-
ed from one or two directions only, the
proposed handle could be reached from
almost any direction and actuated by
pulling or pushing the inner ring in any
direction with respect to the outer ring.

The outer ring would be a housing, in
which the inner ring would be suspend-
ed by a set of cables (see figure). These
suspending cables would be wrapped
around pulleys in the housing, then
extended to a common point, where
they would be attached to a main cable
in a shaft connected to the housing.
Bearings between the shaft and housing
and a swivel on the main cable would
allow free rotation of the handle around
the shaft axis to whatever angle is most
advantageous for the user.

Grasping the two rings from any direc-
tion and squeezing would pull the outer
ring toward the housing, thereby pulling
at least one of the suspending cables.

The pulled suspending cable(s) would, in
turn, pull on the main cable, thereby
actuating an external mechanism con-
nected to it. Upon being grasped, the
housing would rotate on bearings in the
shaft, turning itself to the most advanta-
geous position for the user. An alterna-
tive embodiment (not shown) provides a

means for creating mechanical advan-
tage in the cable.

This work was done by John B. Moetteli
of Lockheed Engineering & Sciences Co.
for Johnson Space Center. For further
information, write in 74 on the TSP
Request Card. MSC-22023

Inner Ring

Housing
(Outer Ring)

Suspending Cable
(One of Four)

Motion of Main Cable
Upon Actuation

Free to Rotate

Main Cable

Swivel

Bearings

Pulley
(One of Four)

Relative Movement of the Rings in any direction would cause pulling on the main cable.
Flanges (not shown) could be installed on the inner ring to cover the gap between the inner
ring and the housing to prevent clothing from being caught.

Energy-Absorbing Footpad Assembly

This assembly limits the impact load on the supported structure.

Lyndon B. Johnson Space Center, Houston, Texas

A proposed footpad assembly that
would support a structure would also
absorb impact energy in both horizontal
and vertical directions. The footpad
assembly would resist impact deformation
with approximately constant force, unlike
older impact devices, in which the forces
are erratic and difficult to predict and con-
trol. The footpad assembly could therefore
be designed to absorb more energy in a
given stroke and to protect the structure
from high peak shock loads. The footpad
assembly would be lightweight, compact,
and easy to manufacture.

The footpad assembly would rely on fric-
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tion to absorb kinetic energy in the vertical
direction and on a crushable material to
absorb kinetic energy in the horizontal
direction. The assembly could be designed
for a specific maximum load, nearly inde-
pendent of the speed and angle of impact.
It could be used in a variety of single-
impact applications; for example, on pal-
lets dropped by parachute from airplanes.

When the footpad struck a surface,
the vertical load would drive a friction
rod upward (see figure). Vertically direct-
ed impact energy would be dissipated
by the sliding of the rod through two
stacks of press-fit friction washers.

Because the inner surfaces of the wash-
ers would yield plastically in the press fit,
they would impose a nearly constant,
limited friction force on the rod through-
out the stroke, regardless of the impact
velocity. Also because of the plastic
yielding, narrow dimensional tolerances
between the rod and washers would be
unnecessary, and the rod and washers
could be manufactured easily.

If the impact velocity included a hori-
zontal component, the footpad would
absorb energy partly by the friction of
sliding on the impact surface and partly
by crushing of a deformable honeycomb

NASA Tech Briefs, July 1995



material inside the pad housing. The max-
imum lateral force on the friction rod
would be determined mostly by the char-
acteristics of the deformable material,
which could be designed to fit the expect-
ed energy-absorption needs: Like the fric-
tion washers, the deformable material
would resist deformation with a force
nearly independent of the impact velocity.

The footpad assembly could also
accommodate a sloping impact surface.
The footpad would rotate about a spher-
ical joint on the friction rod. As the pad
rotated, the deformable material would
be crushed, absorbing more energy.

This work was done by Christopher P.
Hansen of Johnson Space Center. For
further information, write in 105 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;
(713) 483-4871. Refer to MSC-22277.
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Friction Washers and Deformable Material would help to absorb impact energy. The yielding force would be determined partly by the sizes
and number of washers and partly by the honeycomb, foam, or other configuration of the deformable material. The spherical joint would

accommodate a sloped impact surface.
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Switching
System Controls

To answer the avionic control needs
of the aircraft and space vehicles
that will propel us into the 21st
century, Janco has engineered a
new generation of switching
systems that takes the high ground
in longevity, simplicity, efficiency,
and survivability. If you'd like to
learn how to best orchestrate
multiple switching and related
electromechanical functions while
decreasing component count,
weight, and overall system size -
contact the engineers at Janco today
for more information and a free
brochure.

3111 Winona Avenue, Burbank, CA 91508
Phone: (818) 846-1800
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Shield for Flexible Pipe

Easily installable shells restrain fragments and redirect
the flow of escaping pressurized fluid.

Langley Research Center, Hampton, Virginia

A cylindrical shield is designed to fit
around a flexible pipe to protect nearby
workers from injury and equipment from
damage if the pipe ruptures. The shield is
designed as a pressure-relief device
rather than as a pressure vessel: the walls
of a pressure vessel would have to be
heavier and would perhaps be less reli-
able in preventing injury and damage.

The shield absorbs the impact of debris
ejected radially from the broken flexible
pipe. (In the original application, the pipe is
a stainless-steel bellows helically wrapped
in stainless-steel bands.) The shield also
redirects the flow of pressurized fiuid
escaping from the broken pipe onto a flow
path that allows for relief of pressure while
minimizing the potential for harm.

The shield consists of two longitudinally
flanged stainless-steel half-cylindrical
shells, each with a half annular flange at
one end (see figure). Holes in the end
flange of each cylindrical shell accommo-
date bolts that extend from a flange at one
end of the flexible pipe. The end flange of
one cylindrical shell is fastened to the pipe-
flange bolts by use of nuts at one end. The

end flange of the other cylindrical shell is
slid onto the pipe-flange bolts at the other
end, but not fastened by nuts, so that it
remains free to slide on the bolts to accom-
modate thermal expansion and contrac-
tion. The two cylindrical shells are then
bolted together at their longitudinal flanges.

The resulting assembly leaves a half
annular hole at each end of the shield. If the
flexible pipe breaks, debris ejected outward
from the pipe strikes the shells, while escap-
ing fluid is confined within the shells until it
reaches the end holes, where it passes into
the atmosphere at reduced pressure,
directed along the pipe instead of outward
toward nearby persons and equipment.

This work was done by Michael K.
Ponton and Clifford B. Williford of Langley
Research Center and Nicholas T. Lagen
of Lockheed Engineering and Sciences
Co. No further documentation is available.

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to the Patent Counsel, Langley
Research Center; (804) 864-3521. Refer
to LAR-15157.

Longitudinal Flange

S

End Flange

Bolts

Rigid Pipe

Cylindrical Shell

Bottom Shell

The Shield Around the Flexible Pipe catches debris if the pipe breaks. The shield also defines
a channel that is only half closed at each end so that escaping fluid can flow out safely.

NASA Tech Biriefs, July 1995
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Federal Laboratory Inventions Available for U.S. Licensing

Printer Port Interface Expands Computer’s Capabilities
Personal computer owners may connect more external devices to their computers with
the printer port interface developed by NASA's Langley Research Center, Hampton, VA.

More Data More Consistently With Disk Memory Device
A computer memory disk stores more data and records and replays it more consistently
with the disk memory device from NASA’s Goddard Space Flight Center, Greenbelt, MD.

Optometer Screens Night Vision

The Scheiner-principle optometer from the Naval Medical Research and Development
Command, Bethesda, MD, is a low-cost hand held optical screening tool used to evaluate
a person’s ability to bring visual images into focus in dark environments.

Low-Gain Amplifiers Speed Up Electronic Analog Computers
“High Speed Electronic Analog Computers Using Low-Gain Amplifiers” from the Naval
Surface Warfare Center Dahlgren Division, Silver Spring, MD, speeds up the response
times of analog electronic computations.

] =

Save Time, Money W

U.S. business and industry can save time and money by accessing free information provided by NTTC’s
National Gateway. NTTC links business and industry with $26 billion in research from more than 70C
federal laboratories.

Funded by NASA and other federal agencies, NTTC connects callers with technologies, unique facilities
and the expertise of 100,000 researchers. Companies save time and money by leveraging their research
efforts with federal laboratory research.

NTTC callers get personalized service from experienced people in their fields. Technology access agents
search NTTC’s numerous databases to find the researchers who work in the caller’s requested area. The
information the caller receives may lead to technologies like those highlighted above.

For information on these technologies or to find other opportunities within the federal laboratory system, call

th NTTC

300 673-6382.

National Technology Transfer Center, Wheeling Jesuit College, 316 Washington Avenue, Wheeling, WV 26002

For More Information Write In No. 463
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EDITORIAL
NOTEBOOK

News of the Industry
and Federal Labs

from Sandia
Laboratories and Intel Corporation achieved a

* Scientists National
new world speed record for supercomputing,
claiming to leapfrog the Japanese performance
record set in 1994 by more than half again.
The team's system, hyperlinking two Intel
Paragon computers, established a record per-
formance of 281 Gflops (billions of floating-
point operations per second), on the Linpack
benchmark, surpassing the 170.4 Gflops a
Japanese Fujitsu numerical wind-tunnel com-
puter reportedly performed. The Intel Paragon
massively parallel supercomputer also achieved
328 Gflops on an electromagnetic code used
for radar signature calculations, more than
three times the previous record of 102 Gflops.
The code used a Sandia-developed double pre-
cision LU (lower/upper) factorization routine.
For more information, contacts at Sandia are
Ed Barsis at (505) 845-8938 or Art Hale at
(505) 845-7802.

* The Technology Transfer Information

Center (TTIC) of the National Agricultural

Library (NAL) of the Department of
Agriculture is soliciting possible solutions to
equipment manufacturing industry problems
in two areas: hazardous atmospheres and
injuries from equipment. Working with a list of
needs developed by the Equipment
Manufacturers Institute, TTIC will collaborate
with experts to identify off-the-shelf solutions
or pinpoint federal laboratories, universities,
and other research organizations already work-
ing on technologies to solve the problems. For
more information, contact Kate Hayes, TTIC,
Nartional Agricultural Library, USDA, 4th
Floor, 10301 Baltimore Blvd., Beltsville, MD
20705; (301) 504-6875; FAX: (301) 504-
7098; Internet: tric@nalusda.gov.

* The Idaho National Engineering
Laboratory (INEL), run by Lockheed Inc. for
the Department of Energy, is testing an innov-
ative plan to promote lab spin-off companies'
chances of success. The plan permits Lockheed
INEL to use Master Task Agreements to con-
tract with spin-off companies that have unique
intellectual-property capabilities, rather than
go through formal procurement processes. The
agreement, to last no more than three years,
must involve one or more of the following: a
technology held by the company; skills or
capabilities not available in the regional busi-
ness market, defined as within a 200-mile
radius; or a specialized piece of equipment held

or developed by the company. The company
must file annual plans to show that it is seeking
other business, and its personnel must leave
INEL and work full time in the new business.
For more information, contact Charles Briggs
at (208) 526-0441.

This column was prepared with the assistance
of the Federal Laboratory Consortium for
Technology Transfer. Established in 1974 to pro-
mote the transfer of federal R&'D capabilities into
the private sector and state and local governments,
the FLC consists of more than 600 member labo-
ratories and research centers from 16 federal
departments and agencies. For further informa-
tion, phone the FLC Management Support
Office; (206) 683-1005.

ERRATUM:

In the Federal Lab Test and Measurement
Tech Briefs supplement to the May issue,
the brief entitled "A Highly Capable Facility
for Antenna Testing” was inadvertently left
incomplete on page 14a. The final para-
graph should have read: "The Antenna Test
Facility is located at the Naval Air Warfare
Center Weapons Division, China Lake, CA.
For more information about capabilities,
scheduling, cost of services, or opportunities
for Cooperative Research and Development
Agreements (CRADA), contact Terry
Firzwater; (619) 939-7403."

Engineers everywhere are choosing Kruse Control
' because it has all the functions they need and it's
easy to get started. Here's what they are saying:

@ “This really works, right away, and it’s simple to
understand.” (Open-architecture Windows™ software)
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how to get started in just two weeks with no loss
in productivity.)
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Computer-Assisted Dynamic Data Monitoring and
Analysis System (CADDMAS)

A revolutionary system increases jet-engine test data acquisition.

Engineering Development Center, Arnold Air Force Base, Tennessee

Development of CADDMAS, a system
that applies computer processing in paral-
lel and reduces customer test data turn-
around time from days to seconds, con-
tinues at Arnold Engineering Development
Center (AEDC). CADDMAS is a multi-
channel real-time parallel-processing-
based dynamic data (up to 50 kHz) acqui-
sition and complex data analysis system.

AEDC has successfully used earlier ver-
sions of CADDMAS (up to 20 kHz) to sup-
port aeromechanical testing of General
Electric's F-110 engine and Pratt &
Whitney's F-119 core engine. A 24-channel
20-kHz system is also supporting the aero-
mechanical portion of Pratt & Whitney's F-
119 test program at AEDC by analyzing
and displaying, in real time, complex fre-
quency-domain turbine engine stress data.

CADDMAS provides AEDC engineers
the information necessary to make on-line
test decisions and immediately alerts them
to anomalous or dangerous stress condi-
tions. Additionally, CADDMAS has gener-
ated thousands of hard-copy plots on-line

during test program support, a process
that previously took from days to weeks to
accomplish off-ine. AEDC has received
several requests for CADDMAS units to be
used in various user test facilities.

CADDMAS can take more than 20 mil-
lion measurements each second during
an average aircraft engine stress test.
Over a typical 10-hour test period, more
than 700 trillion measurements occur.

CADDMAS operates using strain-
gauge sensor readings whose signals are
recorded and displayed on oscilloscopes
with additional processing performed in
real time by the system's hardware and
software. Additional processing consists
of analog-to-digital conversion, aerome-
chanical analysis of the strain-gauge
data, engineering unit conversion, digital
storage of incoming data, and output of
various types of analysis plots, such as
frequency-envelope plots, frequency
waterfall plots, and correlations, as well
as on-line Campbell and modified
Campbell diagrams (Figure 1).

4000 6000

Figure 1. On line, CADDMAS displays real-time visual test data.
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Digital storage allows users to replay
a recent event while the system contin-
ues to gather and update current
engine performance. Special limit mon-
itoring features allow programmable
levels of significance to be set up that
can trip alarms if various vibrational
energy levels are exceeded.

High-speed analog-to-digital (A/D)
front-end hardware collects hundreds of
thousands of samples from each data
channel (strain gauge) each second, per-
forms a frequency-domain analysis on
the data, and compares the results to
preset limits. Knowing when an engine
has exceeded, or is about to exceed, a
vibration limit allows engineers to alter
the test conditions or possibly abort a
critical maneuver before damage to the
engine or test cell occurs.

State-of-the-art research and develop-
ment has created a flexible software sys-
tem that enables instrumentation and sys-
tem engineers at AEDC to define the data
acquisition problem in graphical form.
Figure 2 shows its components and capa-
bilities schematically. Once the data sys-
tem and the desired data processing
tasks have been defined in this way, the
specialized software creates many sepa-
rate programs, which are then sent out to
the various processing elements through-
out CADDMAS. These programs then
execute in parallel, each doing its part in
the overall process. The software coordi-
nates the flow of data between these pro-
cessing elements.

In standard computers, only one
processor handles all the computations.
When multiple pieces of data are calcu-
lated--such as on-line stress data from
an engine test--each calculation must be
sequenced through the processor one at
a time. In contrast, parallel processing
applies many processors to the problem,
with each handling a small part of the cal-
culations. Traditional systems require the
use of extremely expensive high-speed
processors. By dividing the workload, the
parallel processing system can handle

3a
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Figure 2. Data acquisition and processing with CADDMAS.

more data using relatively slow and inex-
pensive processors. More processors
can be added to the new system to
adapt to expanding test requirements.

Advancement of capabilities is contin-
uing, with a 48-channel 50-kHz system
expected to be operational this fall.
Demonstration of the potential of CAD-
DMAS in other areas such as real-time
health monitoring, image processing,
and engine-performance validation has
been initiated and is scheduled for com-
pletion next year.

The system's return on investment for
AEDC aeromechanical testing alone has
been estimated at 7 to 1 over a 10-year
period. When the technology develop-
ment and transition to full use of CAD-
DMAS are complete, the return on
investment across the Department of
Defense is expected to be orders of
magnitude above that. In addition,
avenues for technology transition into pri-
vate industry are being pursued.

This work was done by an integrated
team for the U.S. Air Force's Arnold
Engineering Development Center. /t
consisted of Air Force and Sverdrup Inc.
engineers involved in data acquisition
system design, software design, mem-
bers of the analysis and evaluation com-
munity, and consultants from Vanderbilt
University and the University of
Tennessee Space Institute.

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to James Mitchell, AF/DOT,
Arnold Engineering Development Center,
Arnold AFB, TN 37389; (615) 454-6910.

Time-Domain Computation of Electromagnetic

Fields in MMICs

Maxwell’s equations are solved on three-dimensional, conformed

orthogonal grids by finite-difference techniques.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A method of computing the frequen-
cy-dependent electrical parameters of
a monolithic microwave integrated cir-
cuit (MMIC) involves a time-domain
computation of the propagation of the
electromagnetic field in response to
excitation by a single pulse at an input
terminal, followed by computation of
Fourier transforms to obtain the fre-
qguency-domain response from the
time-domain response. The parame-
ters that can be computed in this way
include the electric and magnetic
fields, voltages, currents, impedances,
scattering parameters, and effective

4a

dielectric constants. The method is a
powerful and efficient means for ana-
lyzing the performance of even a com-
plicated MMIC.

The propagation of the electromagnet-
ic field is computed by solving Maxwell’'s
equations (in curl form) by finite-difference
numerical-integration techniques on a
three-dimensional, conformed orthogo-
nal grid. In the derivation of the equations
for this method, the finite-difference ver-
sions of Maxwell’s curl equations are first
formulated on a uniform orthogonal grid,
then adapted to a nonuniform grid that
comprises subgrids that conform to the

dimensions of various conductive and
dielectric elements of the MMIC. The
modifications are necessary to suppress
the errors that would otherwise occur at
the boundaries between subgrids of dif-
ferent mesh sizes.

The following assumptions apply to
the mathematical model of a MMIC that
can be analyzed by this method:
® The MMIC consists of a conducting

ground plane, multiple dielectric sub-
strates on top of the ground plane,
and metal strips (microstrip conduc-
tors) on top of some areas of the
dielectric substrates.

July 1995
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The conductors have zero thickness.
The components of electric fields

Rectangular Microstrip tangential to the conductors are zero,
Antenna Patch

except as in the next assumption.

The conformed orthogonal grid is fit-

ted to the circuit such that the edges of

0.794 mm each conductor are modeled with

components of the electric field in the

= plane of the conductor lying exactly on
the edges of the conductor.
The dielectric materials are isotropic in a
/_I |./ ¢ plane parallel to the ground plane.

Bite ¢ A Gaussian-shaped pulse is chosen as

Plane the excitation at time t = 0. This choice
is advantageous because its frequency
spectrum is also Gaussian. By adjusting
the duration of the pulse, one can obtain
a spectrum that provides frequency-
domain information from dc to the
desired cutoff frequency.

e The Gaussian-shaped excitation is
assumed to result in the propagation
of only the fundamental mode along
each microstrip conductor in the fre-
quency range of interest.

¢ To minimize the effects of numerical
dispersion and truncation errors, the
duration of the pulse is chosen as 20
nodes per wavelength at the highest
frequency represented.

The method has been tested experi-

f mentally by comparison of its predictions

! with measurements on several MMICs,

20 — including a line-fed rectangular-patch

antenna, a low-pass filter, a 3-dB

branch-line coupler, a dual-stub filter, and

a superconductor band-pass filter. As

N illustrated in the figure for the example of

the return loss in the rectangular-patch

antenna, the method provides for easy

Measurement and accurate calculation of the perfor-

mance of MMICs.

This work was done by Faiza S. Lansing

0 5 10 15 20 and Daniel L. Rascoe of Caltech for

Frequency, GHz NASA'’s Jet Propulsion Laboratory. For
further information, write in 87 on the

The Frequency Dependence of Return Loss of a rectangular-patch microstrip antenna was TSP Request Card.

computed by the method described in the text and measured in an experiment. NPO-19187

With Relative

Dielectric Substrate /
Permittivity of 2.2

—— ———

Return Loss, dB

—————— Calculation
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Computational Fluid Dynamics Software with Adaptive

Meshing Capability

A new analytical tool optimizes complex inlet design.
Sandia National Laboratories, Albuquerque, New Mexico

To reduce costly wind-tunnel tests on
the inlet of a missile engine, Sandia engi-
neers wanted to refine the design with
computational fiuid dynamics (CFD) before
progressing to physical testing. They ruled
out structured mesh CFD packages
because the complexity of the inlet geom-
etry would have required days of meshing
time. Instead, they used the unstructured
mesh CFD package called RAMPANT
from Fluent, Inc. of Lebanon, NH.

This software automatically generates a
volume mesh using solution-adaptive tri-
angular and tetrahedral elements. The
mesh for the inlet took only four hours to
complete, and the resulting analysis saved
$100,000 in wind-tunnel time by pointing
out some problems in the initial design.
More importantly, the use of RAMPANT
provided the first opportunity to use CFD
on a problem with such complex geome-
try. Since this analysis was first done in
1992, meshing times have been reduced

even further: Meshing time today would
be a matter of minutes, not hours.

One of Sandia's overall goals is to
reduce testing, because the lab's budget
for it has decreased. With flight tests cost-
ing about $25,000 each and wind-tunnel
time costing as much as $20,000 a day,
there is a great deal of incentive to move
analysis further forward in the design
process as a way of refining designs
before proceeding to physical testing.

In the case of the missile-system inlet,
engineers needed a new design that
would be "stealthy"--not detectable by
radar--yet still provide good performance
characteristics such as a uniform air flow
with no separation. The air coming out of
the inlet and into the turbine had to be uni-
form as well. In the past, this kind of prob-
lem would have required use of the tran-
sonic wind tunnel. Testing different config-
urations of inlet geometry would have con-
sumed at least two weeks in the tunnel.

The design of the new inlet was quite
complex. Instead of a standard rectangular
channel, the cross-sectional area of the
inlet varies from a high-aspect-ratio V-
shape at the front to an almost circular out-
let at the back end (see isometric views).

Structured grid CFD codes were reject-
ed for this problem because of the difficul-
ty and time required to produce the mesh
for this geometry. Nearly all commercial
CFD codes employ either a simple
Cartesian mesh that represents the world
as a cellular-like structure or an assembly
of curvilinear, mapped cubes. Structured
mesh generators, however, are only semi-
autonomous at best. And with an irregular
geometry such as this inlet's, structured
codes have trouble with the streamwise
geometry transition and the boundary cur-
vature. For this inlet, engineers estimate
the meshing would have taken several
days using a structured code.

RAMPANT is the first of a new genera-

Side View

Front View

=

Top View

b

(Above left) Hybrid inlet total pressure contours at exit created using an unstructured mesh CFD package. This software automatically gener-
ates a volume mesh using solution-adaptive triangular and tetrahedral elements. (Above right) Isometric views of final design of hybrid subsonic
inlet/diffuser. (Bottom left) Hybrid inlet particle paths. (Bottom right) Hybrid total pressure surface contours.
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tion of CFD software that uses an
unstructured grid to provide truly auto-
matic mesh generation. Once the surface
is defined, the grid is generated without
user intervention. Unstructured grids also
offer the possibility of adapting the grid
distribution in space to optimally solve a
given problem. Adaptive mesh refine-
ment also allows important flow features
to be resolved locally while retaining a
more cost-effective coarse mesh in
regions of smooth flow. For some pro-
duction runs, CPU time savings on the
order of 10 to 1 can be achieved.

For this inlet problem, the first step was
to import an |-DEAS-generated surface
mesh into RAMPANT. There, engineers
created an initial concept model with
approximately 200,000 cells in about four
hours. At the time they were running a

beta version of RAMPANT. They estimate
that the same model might be created in
as little as 15-20 minutes with the current
version of the software.

The initial analysis showed a region of
air separation, but the primary problem
was that the pressure did not recover
well at the outset and was not uniform.
They went back to I-DEAS and made
some adjustments to the geometry in
about half an hour. The next analysis
showed a much more uniform distribu-
tion of pressure at the outlet.

The solution time for these analyses
was about 200 hours on a Cray super-
computer, but that too is improved in the
current version of RAMPANT. An unstruc-
tured grid can take longer to solve than a
structured grid when the application
involves internal flow, assuming that cap-

turing the boundary layer is important.
With most problems, however, the oppo-
site is true--the unstructured grid requires
fewer cells and a shorter solution time.

Besides being one of the few CFD
codes that can handle complex geome-
tries in a timely manner, RAMPANT is
also being used by Sandia for aerody-
namics analysis. Sandia engineers have
found that even those who have not
used the package for six months can
pick it up again in five minutes.

This work was done by Jim Nelsen et al.
at Sandia National Laboratories in
Albuquerque, NM. Inquiries about the RAM-
PANT software may be directed to Rick Sam
at Fluent Inc., 10 Cavendish Court, Centerra
Resource Park, Lebanon, NH 03766; (800)
445-4454; (603) 643-2600; FAX (603) 643-
3967; E-mail: info@fluent.com.

Computed Tomography Measuring Inside Machines
Approximate measurements can be taken without disassembly.
Marshall Space Flight Center, Alabama

Computed tomography has been
applied to obtain approximate measure-
ments of the radial distances from the
centerline of a turbopump to the leading
edges of the diffuser vanes in the tur-
bopump. This use of computed tomog-
raphy has significance beyond the tur-
bopump application: it is an example of a
more general concept of measuring
internal dimensions of an assembly of
parts without having to perform the time-
consuming task of taking the assembly
apart and measuring its internal parts on
a coordinate-measuring machine.

In the original application, the turbo-
pump was first disassembled and mea-
sured in the conventional way on a coor-
dinate-measuring machine to provide a
basis for comparison. The turbopump
was reassembled, then mounted verti-
cally on a computed-tomography
machine, positioned to intercept the
bremsstrahlung x-ray beam from a 2.5-
MeV linear accelerator. Axial digitized
radiographs made from the beam were
used to determine the location to take
transverse cross-sectional images
(tomographs) using the beam.

A computer program analyzed the
tomographs to compute the radial dis-
tance of the leading edge of each dif-
fuser vane from the axis of the turbo-
pump. For this purpose, the axis of the
turbopump in each tomograph was
deemed to be located at the centroid of
the innermost points on the vanes. By
comparison with the conventionally mea-
sured radii, the radii determined via com-
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puted tomography were found to exhibit
an overall error of £0.010 in. (£0.25 mm).
In a conservative approach to inspection,
this error figure would be added to or
subtracted from each estimated dimen-
sion to obtain a worst-case value.

This work was done by James F.

Wozniak, Henry J. Scudder, and Jeffrey
E. Anders of Rockwell International
Corp. for Marshall Space Flight Center.
For further information, write in 19 on
the TSP Request Card.

MFS-30031

This Tomograph of a Turbopump presents an axial view of a slice about 1 mm thick.
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Test Project Archival System

CD-ROM multimedia technology facilitates project documentation.

Engineering Development Center, Arold Air Force Base, Tennessee

To provide a better means of delivering
and archiving test information, Arnold
Engineering Development Center (AEDC)
personnel have developed the capability
to document ground tests electronically.
Under this Test Project Archive System
(TPAS), test data and related information
can be stored and delivered using
recordable CD-ROM technology.

The CD-ROM format provides a durable
high-density random access medium for
archiving and distributing information. The
multimedia capabilities of TPAS support
the inclusion of many different types of test
documentation. Multimedia software
included on the CD-ROM allows the user
to view digitized photographs of test arti-
cles and configurations, and electronic
versions of drawings.

In addition to the test documentation,
the CD-ROM includes the digital data from
the test along with an analysis software
package. This places a plotting and data
analysis capability on the user's desktop.

The plotting and analysis software
includes capabilities such as creating cal-
culated parameters, performing integrals

and transforms, and plotting equations.
Plot output controls include scaling, label-
ing, colors, linetypes, symbols, etc. Test
data from multiple tests or experiments
can be archived on a single CD-ROM,
allowing analysis and comparison of the
data from different tests within a program.
Test project information is organized
into logical groups such as project docu-
mentation, financial records, correspon-
dence, safety documents, quality docu-
ments, and technical test information.
Standard test reports converted to
hypertext documents allow the user to
retrieve test information in a nonlinear
fashion, jumping to areas of interest at
the click of a mouse button. Links to
items such as photographs, plots, or
drawings allow the integration of text and
graphical data, creating a more effective
means of conveying information.
AEDC's multimedia CD-ROM capabili-
ty has been used to archive and distrib-
ute data and project documentation for
recent Minuteman and Peacekeeper
rocket motor and F-119 turbine engine
tests at AEDC, as well as BMDO experi-

ments such as COMET and OMS.

The collection of many different types
of information such as project documen-
tation, test information, and test data
combined on a single compact disk with
multimedia, hypertext, and analysis tools
gives the user a powerful single source for
information about ground tests at AEDC.

AEDC supports a full range of national
and international missile, aircraft, and
space vehicle programs. The Center's
propulsion test cells, aerodynamic and
propulsion wind tunnels, space cham-
bers, and ballistic ranges can simulate vir-
tually every aspect of flight from ground
level to deep space.

This work was done by Sverdrup
Technology Inc., propulsion contractor at
the U.S. Air Force's Arnold
Engineering Development Center.
Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to Dale Bradley, AF/DOM
Arnold Engineering Development Center,
Arnold AFB, TN 37389; (615) 454-4242,

Full-Wave Analysis of MMICs Using a
Generalized Yee Algorithm

Complex circuit geometries can be accommodated by use of

unstructured and irregular grids.

NASA’s Jet Propulsion Laboratory, Pasadena, California

An improved method of temporal
analysis of the propagation of electro-
magnetic  waves in  monolithic
microwave integrated circuits (MMICs) is
implemented by a generalized version of
the traditional Yee algorithm, which
computes a finite-difference time-
domain solution of Maxwell’s equations
on a regular orthogonal grid. Like the
traditional Yee algorithm, the generalized
Yee algorithm is highly computationally
efficient because it is highly vectorizable
and has a high degree of parallelism that
can be exploited by use of massively
parallel, high-performance computers.

In comparison with the traditional Yee
algorithm, the generalized Yee algo-
rithm provides more accurate mathe-
matical modeling for analysis and
design of MMICs. This is because the
generalized Yee algorithm is based on
unstructured (in the sense of arbitrary
and not necessarily orthogonal) and
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otherwise irregular grids. Unlike the reg-
ular orthogonal grids of the traditional
Yee algorithm, unstructured and irregu-
lar grids can be readily fitted to con-
ductive and dielectric circuit elements

that have realistically complex three-
dimensional shapes. Thus, unstruc-
tured and irregular grids are better for
modeling important and geometrically
complex phenomena like fringing fields.

1
n:
H™2 Ras
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Zamins

Secondary Cell

Hj,ﬂ'”%

An Unstructured and Irregular Dual Grid composed of a primary grid and a secondary grid
is used to discretize electric and magnetic fields. Each E or H symbol with superscripts and
subscripts denotes the discretized electric or magnetic field, respectively, at the location of the

adjacent arrowhead.
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In the generalized Yee algorithm, the
electric and magnetic fields are discretized
within a closed, three-dimensional volume
filed with an unstructured and/or irregular
dual grid composed of a primary grid and
a secondary grid, as shown in the figure.
The primary grid is assumed to be com-
posed of general fitted polygons distrib-
uted throughout the volume. The sec-
ondary grid is built from those closed
polygons, the edges of which are the lines
that connect the centroids of adjacent
cells of the primary grid; these lines pene-
trate the faces of the cells of the primary
grid. An electric-field vector is defined
along each edge of each cell of the pri-
mary grid. Similarly, a magnetic-field vec-
tor is defined along each edge of each cell
of the secondary grid. The amplitude of
each such vector is assumed to be con-
stant along its respective cell edge.

The temporal aspect of the Yee algo-
rithm is an explicit time-marching
scheme for solving Maxwell’s equations
in their integral form, using the spatial
discretization described above and a
central-difference approximation for the
time derivative. The surface integrals of
Faraday’s law and the line integrals of
Ampere’s circuital law are approximated
by discretizing these integrals over each
face of each cell of the primary and sec-
ondary grid, respectively. For this pur-
pose, the fields are assumed to be con-
stant within their respective faces.

The time-marching scheme updates the
magnetic and electric fields perpendicular
to faces of the cells of the primary and sec-
ondary grids, respectively. However, what
are needed are updates of these fields on
the cell edges, which, because of the
nonorthogonality of the grids, can differ
from the perpendiculars to the faces that
they penetrate. Therefore, the updated
fields are projected onto the edges, using
correction factors to maintain accuracy to
second order and to maintain the zero
divergence of the electric and magnetic
fields in the source-free regions.

Since the generalized Yee algorithm is
based on unstructured grids, the numeri-
cal specifications of the grids must be
stored. In addition, each iteration in time
involves a significantly greater number of
floating-point operations than are needed
in the traditional Yee algorithm. Therefore,
a method of minimizing the amount of
computer memory needed while also
minimizing the total number of floating-
point operations has been developed. In
this method, the time-marching general-
ized Yee algorithm is treated as a series of
linear operations on the fields perpendic-
ular to the faces of the cells. These linear
operations can be expressed as a series
of matrix-vector multiplications. The
matrices are sparse and therefore memo-
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ry can be conserved by storing only their
nonzero values. Furthermore, each matrix
need be computed only for the first time
iteration, and can be stored and reused
for the remaining iterations; this reduces
the number of floating-point operations.
The generalized Yee algorithm can
be structured in a manner that is highly
parallel. For this purpose, the sparse
matrices are constructed as an assem-
bly of submatrices that represent the
interactions of the field within the cells
of the primary grid. By spatially decom-
posing the global domain into a set of
contiguous subdomains, a sparse

matrix that represents each subdomain
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can be constructed, again using an effi-
cient cell-by-cell assembly, completely
in parallel. Finally, the sparse-
matrix-vector multiplications of these
matrices can be performed in a highly
parallel fashion, requiring interproces-
sor communication only to concatenate
the solution vectors that represent
fields on shared edges and faces.

This work was done by Faiza S.
Lansing, Stephen D. Gedney, and
Daniel L. Rascoe of Caltech for NASA's
Jet Propulsion Laboratory. For further
information, write in 41 on the TSP
Request Card.
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An engineer at Arnold Engineering Development Center uses computational fluid dynamics to

Flow Simulation Software for Flight

Aerodynamics

The NPARC package helps solve aerodynamic
and propulsion problems before flight.

Engineering Development Center,

Arnold Air Force Base, Tennessee

Through an alliance between the Air
Force's Arnold Engineering Development
Center (AEDC) and NASA's Lewis
Research Center, a unique flow simula-
tion software package known as NPARC
serves as a national aerospace resource
for both government and industry.

The NPARC code is a computational
fluid dynamics (CFD) tool that can be
applied to a wide variety of aerospace
design and analysis problems involving
fluid flow. Recent applications of NFPARC
have contributed to the solution of propul-
sive problems in areas as diverse as
supersonic and hypersonic inlet design,
rocket nozzle failure analysis, and turbine
engine exhaust mixer design. The code
has also proven capable of treating other
aerodynamic problems, including missile
nose-cone analysis, instrumentation
probe design, and ducted flow analysis.

The NPARC code has developed a

determine flow fields around an aircraft.

wide following outside AEDC: more than
100 governmental, industrial, and acade-
mic institutions have acquired it.

The alliance that produced NPARC
was formed in response to a national
need for a productive, user-friendly, well-
maintained and documented CFD tool.
Further development and support of the
NPARC code are intended to address the
goals of both the military and the com-
mercial aspects of US competitiveness.

The NPARC code was developed by
Sverdrup Technology Inc., the propulsion
contractor at the US Air Force's Arnold
Engineering Development Center.
Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to Dr. Ralph Jones or Capt. J.
Cossentine, AEDC, Arnold AFB, TN
37389-1099; Jones (615) 454-68786,
Cossentine (615) 454-3720.
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Associative Pattern Recognition in Analog VLSI Circuits
A winner-take-all circuit selects a best-match stored pattern.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

Prototype cascadable very-large-
scale integrated (VLSI) circuit chips have
been built and tested to demonstrate a
concept of electronic associative pattern
recognition. Based on low-power, sub-
threshold analog complementary
oxide/semiconductor (CMOS) VLSI cir-
cuitry, each chip can store 128 sets
(vectors) of 16 analog values (vector
components), the vectors representing
known patterns as diverse as spectra,
histograms, graphs, or brightnesses of
pixels in images.

The chips exploit the parallel nature of
vector quantization architecture to
implement highly parallel processing in
relatively simple computational cells.
Through collective action, these cells
can classify an input pattern in a fraction
of a microsecond while consuming a
power of a few microwatts. The ultra-
low-power characteristic of these chips
is due to the subthreshold regime of
transistor operation.

In operation, a 16-component input
vector that represents a pattern to be
recognized is presented to a chip. The
input pattern can be partial, fuzzy, or
corrupted by noise. In this case, recog-

nition would consist in classification in
the sense of establishing a partial or
complete match between the input vec-
tor and one of the 128 stored 16-com-
ponent vectors. For this purpose, com-
putational cells in the chip simultaneous-
ly produce signals indicative of the
closeness of match of each of the 16
components of the input pattern to each
corresponding component of each of
the 128 stored patterns.

The outputs of the computational cells
are currents that are summed over all 16
components of each stored pattern to
obtain a total current indicative of the
closeness of match of that stored pat-
tern with the input pattern. The total of
such currents for all 128 stored patterns
are fed to a winner-take-all network,
which then chooses the best-match
pattern — that is, the one that corre-
sponds to the greatest current.

In the layout of a chip (see figure), the
computational cells are arranged in
cross-bar matrix fashion in 16 rows and
128 columns, corresponding to the 128
16-component stored vectors. The
known vectors are stored in the form of
voltages on capacitors in the cells,

which voltages are coupled from exter-
nal circuitry into the cells via row- and
column-address decoders. All the cells
in the ith row receive the ith input voltage
(Vir), which represents the ith compo-
nent of the input vector. The cell in the
ith row and the jth column puts out a
current indicative of the closeness of
match between Vi, and the correspond-
ing voltage of the ith component of the
Jth stored vector. This is done in each
cell by a “bump” circuit, which generates
a current proportional to the square of
the hyperbolic secant (approximately a
Gaussian function) of the difference
between these two voltages. Thus, the
output current of each cell is maximum
for zero difference (a perfect match) and
falls off with increasing difference
(decreasing closeness of match). The
output currents from all the cells in the
Jjth column are summed to obtain a total
current #, which is fed to the winner-
take-all network.

This work was done by Raoul Tawel of
Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
write in 32 on the TSP Request Card.
NPO-19082
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Swept Inducer Blades With Tandem Radial Slots

Suitably designed slots would suppress oscillations.
Marshall Space Flight Center, Alabama

Slanted radial slots at tandem positions
along approximate streamlines would be
incorporated into swept inducer blades in
a turbopump, according to a proposal.
With suitable design, these slots are ex-
pected to suppress low-frequency oscilla-
tions induced by cavitation, without caus-
ing excessive loss of inducer head. The
slots could be cut into the solid blades by
wire electrical-discharge machining.

The concept of the tandem radial slots is
derived partly from experiments that
showed that the amplitudes of the cavita-
tion-induced oscillations were reduced by
incorporating round holes into previously
solid blades; the oscillations became small-
er with increasing total hole area per blade,
but so did the loss of inducer head. The
concept is also derived partly from previous
developments concerning the use of tan-
dem cascades to optimize the perfor-
mances of turbomachines. According to
the concept (see figure), the radial slots
would suppress oscillations similarly to the
holes in the experiments, while the tandem
arangement of the slots would minimize
the loss of inducer head.

The radial configuration of the slots was
chosen because, in comparison with other
configurations, it would cause the least
increase in stresses in the blades. The
number of slots per blade would depend
on required design margins for protection
against stresses and vibrations. The widths,
the lengths, and the slant and divergence
angles of the slots would be chosen
according to design requirements with re-
spect to stresses, dynamics of flow, and
total slot area needed to suppress oscilla-
tions to the specified degree. In a blade
with holes or slots, the loss of inducer head
is caused by flow through the holes from

RADIAL-FLOW IMPELLER WITH
EXAMPLES OF SLOTTED AND TANDEM BLADES
(Note: All blades would have the same slotted
or tandem configuration in a real design.)

PROPOSED INDUCER WITH
TANDEM SLANTED RADIAL SLOTS

Leading Edge
of Blade
(One of Three)

INDUCER WITH HOLES
IN SWEPT BLADES

Leading Edge
of Blade
(One of Three)

Leading

SECTION A-A THROUGH
ONE BLADE, NOT TO SCALE

Slanted Tandem Radial Slots would be added to the swept blades of a turbopump inducer
(essentially, an axial-flow impeller). These slots would provide the oscillation-suppression capa-
bility of holes, while the tandem configuration would minimize the attendant loss of inducer head.

the compression side to the suction side; in
effect, leakage. In the proposed tandem
design, this loss would be minimized by
choosing the sizes, shapes, and locations
of the slots so that the slots would consti-
tute optimized streamline flow passages.
This work was done by Sen Y. Meng of
Rockwell Interational Corp. for Marshall

Space Flight Center. For further informa-
tion, write in 85 on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Marshall Space Flight Center; (205) 544-
0021. Refer to MFS-29956

Robotic Bladder Joint

Joints are moved hydraulically, without need for cylinders or gears.
Marshall Space Flight Center, Alabama

Figure 1 illustrates a reliable, lightweight
robotic joint that is suitable for a variety of
applications. The joint is actuated hy-
draulically, without need for heavy me-

70

chanical cylinders or gears on the joint itself.

The joint includes two members; the
first member can rotate about a pin at the
end of the second member. The first

member includes a cam, over which a
tension line (e.g., a rubber band) is
stretched. The ends of the tension line
are anchored at the end of the second
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member opposite the end that holds
the pin. A bladder is placed on each
side of the second member,
squeezed between the second mem-
ber and the tension line. The pres-
sures and/or the amounts of fluid in
the bladders are controlled by use of
conventional equipment like pumps,
valves, and reservoirs.

The bladder on one side can be
inflated more than is the bladder on the
other side; the greater inflation on one
side causes greater stretching of the
tension line on that side. The greater
tension pulls on the cam, turning the
first member toward that side. Thus,

the angle of the joint can be controlled
by controlling the differential inflation of
the two bladders.

A robot hand could be made of fin-
gerlike members with joints of this
type. For example, Figure 2 shows a
robot hand with a one-joint thumblike
member and a two-joint fingerlike
member grasping a cylinder.

The basic design of the joint can
be modified to suit specific applica-
tions. For example, a joint could con-
tain only one bladder, the other one
being replaced by a rubber band or
spring, which would provide addi-
tional tension to oppose the tension

generated by the bladder.

This work was done by Glen A.
Robertson of Marshall Space Flight
Center. For further information, write in
140 on the TSP Request Card.

This invention has been patented by
NASA (U.S. Patent No. 5,245,885).
Inquiries concerning nonexclusive or
exclusive license for its commercial
development should be addressed to
the Patent Counsel, Marshall Space
Flight Center; (205) 544-0021. Refer to
MFS-28682.

AN

Figure 1. The First Member Is Turned to
the right by inflating the right bladder more
than the left bladder.

Figure 2. Bladder Joints in This Robotic
Hand enable it to grasp a cylinder.
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Manufacturing/Fabrication

Antident Bearing-Ball Retainer

A retaining ring is temporarily attached to the outer bearing ring to prevent indentation.
Marshall Space Flight Center, Alabama

A jig prevents indentation of bearing
balls by hard contact with the edges of
the inner bearing rings during assem-
bly. The jig is a retaining ring that holds
the balls so that they clear each other
and clear the inner ring.

The retaining ring eliminates the need
for ball-retaining tabs on the bearing
cage. The tabs, if used, would have to
be sized loosely so that they did not
interfere with the balls when the bearing
was operating. Also, they cannot always
ensure clearance between the balls and
the inner ring during assembly.

The retaining ring is positioned with
an interference fit on the outer ring
(see figure). The retaining ring includes
fingers that fit between the balls and
force them against the raceway on the
outer ring, holding them away from
the inner rings during assembly. After
the inner rings have been assembled,
the retaining ring is removed, and the
bearing is ready for service.

This work was done by Larry L.

Outer Bearing Ring Retaining Ring

Inner Bearing
Rings

The Retaining Ring includes fingers that separate the balls and push them against the outer
bearing and out of contact with the inner bearing rings during assembly of the bearing.

Thomas, Jr., of United Technologies Corp. commercial use of this invention should

for Marshall Space Flight Center. No be addressed to the Patent Counsel,

further documentation is available. Marshall Space Flight Center; (205)
Inquiries concerning rights for the 544-0021. Refer to MFS-28902.

Hand-Operated Hydraulic Tube Expander

A sleeve is expanded hydraulically inside a tube.
Marshall Space Flight Center, Alabama

The figure shows a hand-operated
tool that expands an end portion of a
narrow metal or plastic tube to a slightly
larger diameter. The tool can be used on
tubes with original inner diameters as
small as 0.060 in. (@about 1.5 mm).

The tool includes a replaceable tip
that comprises a ferrule and a tubular
expansion sleeve sized for a sliding fit
into the tube to be expanded. The wall
of the sleeve is 0.010 in. (about 0.25
mm) thick. The tool also includes a hy-
draulic cylinder. The piston in the cylin-
der is advanced by a threaded actuator
rod that is turned by use of an adjust-
able-torque knurled handle. Because
the inside of the expansion sleeve com-
municates with the hydraulic cylinder, it
is subject to the hydraulic pressure
generated by turning the handle to
advance the piston.
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Expansion Hydraulic Threaded
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The Expansion Sleeve swells in response to internal hydraulic pressure generated by turn-
ing the handle and thereby advancing the piston.
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In operation, the tool is positioned with
the expansion sleeve inside the tube to
be expanded. The handle is turned to
build up hydraulic pressure, which caus-
es the sleeve to expand against the
inside of the tube. The handle is turned
until it has been tightened to the break-
away torque, which is set at a level that
yields the desired hydraulic pressure,
which corresponds to the desired

amount of expansion.

In the original application, the torque
setting was 10 Ib - in. (@bout 1.1 N - m,
corresponding to a hydraulic pressure of
60 kpsi (414 MPa) and an expansion of
about 0.0015 in. (about 0.038 mm) per
pressure cycle. The expansion sleeves in
that application were found to last about
50 cycles, after which it was necessary to
anneal them to get further use out of them.

This work was done by David W.
Hagan and Edwin D. Wolff of Rockwell
International Corp. for Marshall Space
Flight Center. For further information,
write in 48 on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Marshall Space Flight Center; (205) 544-
0021. Refer to MFS-29979.

Niobium-Matrix-Composite High-Temperature

Turbine Blades

Reinforcing fibers can be chosen from among several refractory materials.
Lewis Research Center, Cleveland, Ohio

High-temperature composite-material
turbine blades that comprise mainly niobi-
um matrices reinforced with refractory-
material fibers are being developed. Of the
refractory fibrous materials investigated,
FP-AlL,Os, tungsten, and polymer-based
SiC fibers appear to be most promising.

A blade of this type is hollow and is
formed in nearly net shape by wrap-
ping a mesh of reinforcing refractory
fibers around a molybdenum mandrel,

then using thermal-gradient chemical-
vapor infiltration (CVI) to fill the inter-
stices with niobium. The CVI process is
controllable and repeatable, and the
kinetics of both deposition and infiltra-
tion are well understood.

After CVI, the end of the blade is cut
and the molybdenum mandrel is chemi-
cally etched away, leaving the free-stand-
ing, hollow niobium/fiber-composite tur-
bine blade. Finally, a layer of iridium about

25 um or more thick is deposited on both
the inside and outside surfaces of the
hollow blade for protection against oxida-
tion at temperatures as high as 1,500 °C.

This work was done by Richard B.
Kaplan, Robert H. Tuffias, Raffaele La
Ferla, Sangvavann Heng, and John T.
Harding of Ultramet for Lewis
Research Center. For further informa-
tion, write in 151 on the TSP Request
Card. LEW-15542
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Mathematics and
Information Sciences

Robotic-Vehicle Perception Control for Detecting Obstacles
Obstacle-detection systems are designed to make the most of limited data-processing resources.
NASA's Jet Propulsion Laboratory, Pasadena, California

A concept of perception control is
guiding the continuing development of
obstacle-detection systems for cross-
country navigation of robotic vehicles
that are equipped with stereoscopic
machine-vision systems. Perception
control consists of optimally tuning sen-
sor or processing parameters to increase
efficiency of perception under design
constraints and design requirements
while adjusting to the environment. This
particular concept of perception control
is oriented toward the need to maximize
vehicular safety at a given speed or, con-
versely, to determine the maximum
speed for a given level of safety.

An obstacle-detection system accord-
ing to this concept uses computing
resources efficiently, without resorting to
“brute-force” obstacle-detection tech-
niques that often involve more computa-
tion than is necessary. Such a system is
designed to implement a focus-of-atten-
tion approach, in which data are
processed from subwindows of the
stereoscopic video images of the path
ahead, instead of from the entire images,
to reduce the computational cost of per-
ception. The image data are processed
in the following main steps:

1. Pyramids (in a symbolic sense) of ver
sions of the stereoscopic images that
are band-pass-filtered in a succession
of spatial-frequency bands are con-
structed from the stereoscopic pairs
of images.

2.Cross-correlations are computed on
any single level of an image pyramid
to estimate stereoscopic disparity at
every pixel of the pair of images.

3.The range (that is, the distance from the
video cameras on the robotic vehicle) is

computed from the disparity at every pixel.
4.An obstacle-detection algorithm is

applied to the resulting range image.

The obstacle-detection algorithm
assumes that an obstacle consists of a
nearly vertical step displacement on an
otherwise nearly flat ground plane. The
algorithm does this by using pairs of pix-
els in the same column of the range

for obstacles at each processing step.
The system assumes that the vehicle
must stop before colliding with an obsta-
cle, and allowance must be made for
image-acquisition and -processing time,
actuation delay before brakes can be
applied, and the braking time to reduce
the speed from its current value to zero.

A velocity controller could be

Video Cameras

[}

Threshold

A Bump or Step is identified, from stereoscopic images of the scene ahead, by an obstacle-
detection algorithm. If the bump or step exceeds a specified step height, it is marked as an
obstacle, and control actions are taken to avoid the obstacle.

image (see figure). If the difference in
height between the two pixels in any
such pair exceeds a prescribed step
height, then an obstacle is deemed to
exist at the affected location.

The obstacle-detection system man-
ages the computing resources by adjust-
ing variables at three levels: image resolu-
tion, subwindows of attention (steps 2, 3,
and 4 can be performed in subwindows),
and detection threshold (which can be
varied over the scene). The system takes
into account its current look-ahead
requirements and determines the part of
the path ahead that must be examined

designed to operate in conjunction with
an obstacle-detection system of this
type. The velocity controller could be
designed to try to reach the maximum
allowable speed, provided that it always
checked for the distance to the end of
the last processed path segment and
applied brakes if necessary (that is, if
data on the next path segment did not
come in time).

This work was done by Pierrick C.
Grandjean and Larry H. Matthies of
Caltech for NASA's Jet Propulsion
Laboratory. For further information,
write in 30 on the TSP Request Card.
NPO-19079

Planning Complex Projects Automatically
Artificial-intelligence techniques enable novices to develop practical plans and schedules.
John F. Kennedy Space Center, Florida

The Automated Manifest Planner
(AMP) computer program applies a
combination of artificial-intelligence
techniques to assist both expert and

74

novice planners, reducing planning time
by orders of magnitude. It gives planners
the flexibility to modify plans and con-
straints easily, without need for pro-

gramming expertise.

AMP was developed specifically for
planning space shuttle missions 5 to 10
years ahead, but with modifications, it
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should be applicable in general to planning other complex pro-
jects that require scheduling of activities that may depend on
other activities and/or timely allocation of resources. AMP
should be adaptable to a variety of complex scheduling prob-
lems in manufacturing, transportation, business, architecture,
and construction, for example.

In the original space shuttle application, AMP is used to
establish flight manifests; define the objectives, capabilities,
and constraints of missions; and translate all of the forego-
ing into hardware, software, and flight requirements. In for-
mulating plans for a given mission, AMP takes account of
plans for other missions, available facilities and workers, and
maintenance between missions. AMP can plan the space
shuttle missions for one year in about one minute on a per-
sonal computer.

AMP contains expert-system software that captures the
experience of expert manifest planners and provides com-
prehensive, interactive manifest planning assistance.
Planners can choose among different planning methods for
use at various levels of the scheduling process. The result-
ing manifest has no resource conflicts, breaks no ground
rules, and schedules processes in the proper sequences.
With help from AMP, even a novice planner can produce a
manifest of quality.

AMP follows an object-oriented approach for capturing
representations of ground rules, constraints, activities, mis-
sions, and resources. The heuristics that planners use to
generate and analyze manifests are represented as rules.
The planning techniques combine object-oriented program-
ming and rule-inference strategies. The objects are organized
into a hierarchical structure (see figure), in which objects in
the same class share characteristics. The objects are not
passive data but individual intelligent entities that can per-
form actions on themselves and on each other. They know
how to schedule and unschedule themselves and plot and
erase themselves.

This work was done by Andrea L. Henke, Richard H.
Stottler, and Timothy P Maher of Stottler Henke Associates,
Inc., for Kennedy Space Center. For further information,
write in 11 on the TSP Request Card.

Inquiries concerning rights for the commercial use of
this invention should be addressed to the Patent
Counsel, Kennedy Space Center; (407) 867-3017. Refer
to KSC-11742.
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available from the NASA Center for
Aerospace Information.

S

Adaptive Attitude
Control System for
Space Station

A report presents the theoretical
foundation for an attitude control sys-
tem for the proposed Space Station
Freedom in orbit around the Earth. The
system is intended to maintain the
space station in torque equilibrium with
designated axes of its structure aligned
with the local vertical, local along-tra-
jectory horizontal, and local across-tra-
jectory horizontal axes, respectively.
The conceptual control system is
required to provide the desired combi-
nation of control performance and sta-
bility in the presence of disturbances
(e.g., variations in masses of payloads,
movements of astronauts and equip-
ment, atmospheric drag, gravitational
anomalies, and interactions with dock-
ing spacecraft).

This work was done by Dhemetrios
Boussalis, David S. Bayard, and Shyh J.
Wang of Caltech for NASA’s Jet Pro-
pulsion Laboratory. 70 obtain a copy
of the report, “Adaptive Spacecraft
Attitude Control With Application to
Space Station,” write in 109 on the TSP
Request Card. NPO-19422

Electronic Systems

Transponders for
Use Aboard Distant
Spacecraft

A report proposes three advanced
architectures for transponders to be
used in deep space. In comparison with
older deep-space transponder architec-
tures, the proposed architectures would
offer greater reliability, faster acquisition
of and better performance in tracking
weak signals, and better telemetry per-
formance on the downlinks.
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This work was done by Tien M.
Nguyen, Selahattin Kayalar, Hen-Geul
Yeh, and Charles Kyriacou of Caltech for
NASA's Jet Propulsion Laboratory. 70
obtain a copy of the report, “Advanced
Transponders for Deep  Space
Applications,” write in 65 on the TSP
Request Card. NPO-19189

O oo

Replacing Chlorinated-
Solvent-Based Cleaners
and Adhesives

A brief report describes tests that
were conducted to assess the feasibility
of using selected chemicals as replace-
ments for selected cleaners, primers,
and adhesives that contain chlorinated
solvents. The cleaners, primers, and
adhesives in question are used in bond-
ing insulating material in steel cases of
solid-fuel rocket motors. It is necessary
to phase out the use of chlorinated sol-
vents because of concerns over toxicity
and adverse effects on the ozone layer in
the upper atmosphere.

This work was done by Harley Heaton
and Fred Davidson of Atlantic Research
Corp. for Marshall Space Flight Center.
To obtain a copy of the report, “Develop-
ment of Environmentally-Friendly Bondline
Processing Procedures,” write in 70 on
the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Marshall Space Flight Center; (205) 544-
0021. Refer to MFS-28875.

Tests of Protective Coats
for Carbon Steel

A report describes laboratory and field
tests of candidate paints (primers, tie
coats, and topcoats) for use in protect-
ing carbon-steel structures against cor-
rosion in the seaside environment at
Kennedy Space Center. Coating materi-
als were selected for these tests, not
only because of their likely utility in pre-
venting corrosion but also on the basis
of legal requirements, imposed in sever-
al urban areas, for reduction of volatile
organic contents.

This work was done by Louis G.
MacDowell Il of Kennedy Space
Center. 7o obtain a copy of the report,
“Volatile  Organic Content (VOC)
Compliant Coating for Carbon Steel

Exposed to the STS Launch Environment
— Application, Laboratory and 18-Month
Exposure Results,” write in 73 on the
TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Kennedy Space Center; (407) 867-3017.
Refer to KSC-11656

Properties and
Potential Applications
of NiAl

A report provides a critical assess-
ment of the literature on nickel alu-
minide. This intermetallic compound
has a crystalline structure that con-
sists of two interpenetrating cubic
lattices. The high melting tempera-
ture and high thermal conductivity
make NiAl useful as a coating on tur-
bine blades and vanes. NiAl is being
studied as a candidate for replace-
ment of conventional superalloys in
jet engines, and NiAl interconnec-
tions are being embedded in semi-
conductor devices.

This work was done by Ronald D.
Noebe, Randy R. Bowman, and
Michael V. Nathal of Lewis Research
Center. 7o obtain a copy of the report
“Review of the Physical and Mechanical
Properties and Potential Applications of
the B2 Compound NiAl,” write in 68 on
the TSP Request Card. LEW-15911

Mathematics and
Information Sciences

Asymptotic Spectra of
Banded Quasi-Toeplitz
Matrices

A paper presents a theoretical and
numerical study of the asymptotic
spectra of the eigenvalues of banded
Toeplitz and quasi-Toeplitz matrices.
A banded Toeplitz matrix is a square
matrix in which the entries are con-
stant along diagonals parallel to the
main diagonal. A quasi-Toeplitz
matrix differs from a banded Toeplitz
matrix in that the first few and the last
few rows are altered from the pure
Toeplitz form.

The emphasis in the study is on non-
normal banded Toeplitz and quasi-
Toeplitz matrices of arbitrarily large
order and relatively small bandwidth:
such matrices appear in connection
with finite-difference approximations of
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partial differential equations. Quasi-
Toeplitz matrices arise from non-
Dirichlet boundary conditions for the
finite-difference approximations. The
eigenvalue problem for a banded
Toeplitz or quasi-Toeplitz matrix of large
order is, in general, analytically
intractable and, in the nonnormal case,
numerically unreliable.

This work was done by Richard Beam
and Robert Warming of Ames Research
Center. For further information, write in
59 on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center; (415) 604-5104.
Refer to ARC-13222.

Total-System Approach
to Design and Analysis
of Structures

A paper presents an overview and
study of, and a comprehensive
approach to, the multidisciplinary engi-
neering design and analysis of struc-
tures. The paper emphasizes issues
related to the design of semistatic
structures in environments in which
spacecraft are launched, but the
underlying concepts are applicable to
other structures within their unique
terrestrial, marine, or flight environ-
ments. The purpose of the study was
to understand the interactions
(essentially, the flows of information
and tasks) among traditionally sepa-
rate engineering design disciplines
with a view toward optimizing not
only the structure but also the overall
design process.

This work was done by V. Verderaime
of Marshall Space Flight Center. 70
obtain a copy of the report “Total
Systems Design and Analysis of High
Performance Structures,” write in 111
on the TSP Request Card. MFS-28942

Uses and Characteristics
of Dynamic Tradeoff
Evaluation

A report discusses the basic con-
cepts, some applications, and perfor-
mance characteristics of dynamic trade-
off evaluation (DTE). The basic concepts
of DTE were also described in “Dynamic
Restructuring of Problems in Artificial
Intelligence” (NPO-18488), NASA Tech
Briefs, Vol. 16, No. 10 (October, 1992),
page 103. DTE is a method of enhanc-
ing the real-time performance of an arti-
ficial-intelligence system such as might
be used to monitor data from multiple

NASA Tech Briefs, July 1995

sensors in a factory, aircraft, space-
craft, or other complex system of
equipment. The essence of the DTE
approach is to (1) detect situations in
which real-time constraints exclude
optimal problem-solving strategies and
(2) effect tradeoffs among nonoptimal
strategies in such a way as to minimize
adverse effects. The report presents an
evaluation of DTE as applied to space-
craft-monitoring problems.

This work was done by Ursula M.
Schwuttke of Caltech for NASA's Jet
Propulsion Laboratory. 70 obtain a copy
of the report, “Improving Real-Time
Performance of Intelligent Systems with
Dynamic Trade-off Evaluation,” write in
10 on the TSP Request Card. NPO-19314

Q

Designing a Mode
Converter for Use With
a Gyrotron

Electronic Components
and Circuits

A report describes the process of
designing a corrugated, circular-
cross-section length of waveguide
that converts input electromagnetic
radiation at a frequency of 34.5 GHz in
the TMy; mode to output radiation in
the HE{; mode. The TM;;-mode input
radiation is to be supplied by (1) a
gyrotron that generates continuous-
wave power of 200 kW at 34.5 GHz in
the TEy; mode followed by (2) a TEq-
to-TM;; mode converter. Together, the
gyrotron and mode converters consti-
tute a prototype high-power transmit-
ter for long-distance free-space com-
munication.

This work was done by Daniel J.
Hoppe of Caltech for NASA’'s Jet
Propulsion Laboratory. 7o obtain a
copy of the report, "A 34.5-GHz 200 kW
CW TM,;-HE;; Mode Converter for
Gyrotron Applications,” write in 119 on
the TSP Request Card. NPO-19352

Analysis of Performance
of a Thick Dichroic
Microwave Panel

A report describes theoretical and
experimental studies of the performance
of a thick dichroic microwave panel that
comprises a honeycomblike planar array
of cross-shaped, waveguidelike aper-
tures separated by thin metal walls.
Except for some small changes in
dimensions, the design of this panel is

"The laboratory contacts
given to us by the NTTC's
technology access agent
helped to create a new
product that should
double our sales. . . saved
us $100,000 in research
costs and cut time-to-

market by almost a year."
—Paul Fischione
E. A. Fischione Instruments, Inc.

Access to the world of
federally funded research
and expertise is now
available to you. . . for Free.

Whether your need is for
your own research efforts, a
manufacturing process or a
new technology, the National
Technology Transfer
Center's technology access
agents will help you.

You will receive:

» Personalized service
by an experienced
staff

* Prompt turnaround of
your request

* The best contacts
in the federal
research network,
giving you the
expertise, facilities
or technology you need

Call
800-678-6882
today!

National Technology Transfer Center
Wheeling Jesuit College
316 Washington Avenue
Wheeling, 26003
Fax: 304-243-2539

For More Information Write In No. 402




identical to one of the designs
OVERLAY GRAPHICS | described in “Two Thick Microwave
|  Dichroic Panels” (NPO-18887), NASA

FROM M Tech Briefs, Vol. 18, No. 11 (November,
ULTIPLE | 1994), page 33. The design was formu-
SOURCES ‘ lated to provide high transmissivity at
| frequencies of 7.165 and 8.425 GHz

and high reflectivity from 2.0 to 2.32
GHz, both with low insertion loss and
an angle of incidence of 30°. In the the-
oretical study, a modal analysis of the
electromagnetic field was performed,
using a thin-wall approximation and an
integral-equation, method-of-moments
approach, with matching of rectangular-
waveguide modes inside the apertures

SynchroMaster ——

i v . to exterior Floquet modes. As a check
SYNCHROMASTER on the error introduced by the thin-wall
300 approximation, the same approach was

applied to a similar panel in which the
crosses were reduced to limiting square
shapes. As a final check, a prototype of
the panel was built and tested.

This work was done by Larry W. Epp
and Philip H. Stanton of Caltech, and
Roy E. Jorgenson of Sandia National
Laboratory for NASA’s Jet Propulsion
Laboratory. 7o obtain a copy of the

is a synchronizer, keyer, fader and dissolve unit used with

data display devices. Using a choice of luminance key,
chrominance key or additive mixer, SynchroMaster can su-
perimpose one computer image on another, at resolutions
up to 1280 x 1024 pixels.

Al
GEE sPECTRUM ...

W a visual communications company™ report, “Experimental And Modal Verifica-
950 MARINA VILLAGE PARKWAY, ALAMEDA, CA 94501 tion of an Integral Equation Solution for a
TEL: (510) 814-7000 rax: (510) 814-7026 Thin-Walled Dichroic Plate With Cross-

Shaped Holes,” write in 60 on the TSP

For More Information Write In No. 442 Request Card. NPO-19195

uick Access ito 2
High-Tech
Research
Labs

Developed in conjunction

Manufacturing/
Fabrication

Ul

Assembly Platform for Use
in Outer Space

A report describes a conceptual plat-
form or, more precisely, a framework
for use in assembling other structures
and spacecraft in outer space. The
platform would consist of three fixed

¢ , 3 * MATERIALS structural beams comprising a central
with leading associations, STI « OPTOELECTRONICS beam and two cross beams. Robotic
research directories and « BIOTECHNOLOGY manipulators could be spaced apart on
databases cover six high- « SEMICONDUCTORS the pl'atforrr; tr? prlovf|de telerobptic

ch areas. Th ni ' z operation 0 the platform by elthgr
];e t-filed f?seu ey ENVIRONMENTAL space-station or ground crews. It is
e S e Conne.CT * ELECIRONICS expected that the platform and
you with new technologies, attached vehicles would function syn-
early-stage research, leading ergistically to achieve maximum perfor-
authorities, and key decision- mance for their intended purposes.

This work was done by Niranjan S.

makers in North American Rao and Patricia A. Buddington of

research labs. Easily. <

Synergistic Boeing Co. for Marshall Space Flight
Accurately. And affordably. Technologies Center. To obtain a copy of the report,
: -B A Platform C fi
i : P.0. Box 14847 “I-Beam Assembly Platform Concept for
For more information, call Research Triangle Park, NC 27709 the Mars Transfer Vehicle,” write in 2 on
1-800-972-8501 Voice: 919.544-4936 the TSP Request Card. MFS-28912

Fax: 919.544-5084
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Product of the Month

General Imaging Comp., Billerica, MA, has intro-
duced what
signal/image processor. Capable of 30 bilion
operations/second,
object-oriented desigr/control software with CPU-
1/O balance hardware within a single, scalable envi-
ronment. Included are a mother card and up to 15
daughter cards within a 19"
enclosure. Daughter cards can be muitiple C80
! DSPs, neural network cards, conwvolver cards,
warper, or /O modules. They can communicate via a non-blocking 32x32 or 64x64
serial /O design that supports 5 gb/second of /O communication and dynamic
reconfiguration. Applications include on-demand video, machine vision (inspec-
tion/defect analysis), medical imaging, and remote sensing.

For More Information Write In No. 700

it calls the world's fastest

the MegaPIPE integrates

rackmount-sized

A PVA sponge material for engineers
designing new or upgraded OEM
products requiring liquid absorption or
application is available from Shima
American Corp., Elmhurst, IL. The
synthetic, hydrophilic, polyvinyl alcohol
material is chemical-resistant for use
with solvents, gasolines, acids, and
alkalis. It can be custom-formed in a
variety of shapes, colors, porosities,
and hardness levels, in sheet, block, or
tube/roller configurations.
For More Information Write In No. 706

Graphic Instinct™, a computerized
drawing board from Lectra Systems,
Marietta, GA, is a fully interactive, high-
resolution (1280x1024) sketch pad for
product designers. It features a pres-
sure-sensitive, electronic pen that can
simulate a felt-tip marker, pencil, pen,
or brush for natural sketching. The sys-
tem allows designers to draw freehand
while providing the advantages of a
computer, such as creating and saving
a concept, modifying the concept, and
importing and exporting from and to
other design systems and computers.
For More Information Write In No. 701

Schneeberger Inc., Bedford, MA, has
announced the MRZ stainless steel
sealing plug for its Monorail
Guideways with rollers. The plug is
used in machine applications where
effective sealing of the rail mounting
holes is critical to ensure long opera-
tional linear bearing life. The two-piece
plug provides a leakproof seal above
the mounting screws in the rail, and is
used in applications where plastic or
brass plugs cannot, such as machine
assemblies with rails uncovered and
exposed to chips and/or coolants.

For More Information Write In No. 703

Leica Inc., Deerfield, IL, offers two mod-
els of stereomicroscopes: the MS5
with a five-step magnification changer,
and the MZ6 with a 6:1 zoom. Both are
ergonomically designed, modular, com-
binable, and have a range of acces-
sories such as a photomicrographic or
video system. Features include easy-to-
use control knobs for incident and
transmitted light, a choice of six binoc-
ular tubes with various viewing heights,
and a system of two parallel beam
paths and a common main objective for
fatigue-free observation.
For More Information Write in No. 702

The Models XP-300 and XP-301 pen-
cil/pen plotters from Mutoh America
Inc., Mt. Prospect, IL, feature a maxi-
mum plotting speed of 45 inches per
second and an acceleration rate of 4
Gs. Features include automatic pencil
loading so a plot is never interrupted,
a plotter carousel that holds up to
eight drawing devices and mixes pen
ink and pencil lead in the same draw-
ing, and an adjustable Y-axis paper
setting that accommodates any paper
width. The plotters have mechanical
resolution of 0.0002" per step,
repeatability of 0.004", and an end-
point accuracy of 0.2%.
For More Information Write In No. 704

MicroScribe-3D™ from Immersion Corp.,
Santa Clara, CA, is a high-resolution 3D
digitizing device that allows users to
generate detailed computer models by
tracing the surface of physical objects,
clay models, or mechanical parts. The
models can be saved in standard file for-
mats and exported to 3D graphics prod-
ucts and CAD/CAM packages. lts light-
weight, graphite mechanical arm is opti-
mized for accuracy and range of motion.
The system provides a 50" spherical work
space with a mean accuracy of 0.02".
For More Information Write In No. 707

The BW-MST-E5000 mechanical
shock test system from B&W
Engineering Corp., Costa Mesa, CA,
tests electronic components such as

ICs, switches, relays, fiber-optic
devices, cellular phone handsets, com-
puter disk drives, PC boards, key-
boards, and remote controls. The bench-
top system, priced at $12,995, delivers
up to 3000 Gs half sine and generates
test reports for documentation.
For More Information Write In No. 710

Berkeley Process Control Inc., Richmond,
CA, has introduced the MachineW.
machine control system for direct muiti-
tasking machine control without pro-
gramming or control expertise. Designed
for sequential machine applications from
flying shears to complex machine tools,
the system uses the Direct Machine
Control (DMC) technique to design and
diagnose tasks. The system breaks
down the elements of motion, I/O, math,
and logic into manageable increments for
selection and sequencing.
For More Information Write In No. 711

The OF Series of photoelectric sensors
from efector inc., Exton, PA, measures 12
mm in diameter and provides self-diag-
nostic features nomally not available in
larger sensors. The three-wire DC sensors
are available in thru-beam, retroreflective,
polarized retroreflective, diffuse reflective,
and a tightly focused diffuse refiective
configuration with a range of 800 mm.
For More Information Write In No. 708

A VGA, multi-color, electroluminescent
(EL) flat panel display from Planar
Systems Inc., Beaverton, OR, features
a wide viewing angle, high brightness,
fast response time, and an operating
temperature range of -25° C to +65°C.
The 10-inch-diagonal, 640.480 display
is resistant to shock, vibration, and
humidity, and offers eight colors on a
black background. The combinations
of red, yellow, and green produce a
light output of 23 cd/m2.
For More Information Write In No. 705

Cambridge AccuSense Inc., Shirley,
MA, offers the MDPS line of differen-
tial pressure sensors for measure-
ment ranges as low as 0-0.1 inch of
water. The devices are temperature-
compensated to remain within a 10
percent error rate, and are available in

standard and custom-calibrated
ranges. They feature input tolerance of
9 to 18 volts. Suited for monitoring or
controlling constant differential pres-
sures in isolation rooms, cleanrooms,
and laboratories, the sensors feature
stability over time, shock and vibration
resistance, and mounting flexibility.
For More Information Write In No. 709

e £
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The CIO-DAS801 eight-channel,
12-bit analog-to-digital board from
ComputerBoards Inc., Mansfield, MA
features 50 KHz speed under Windows,
channel-by-channel input mode selec-
tivity, a 256-sample FIFO buffer, a choice
of high or low gains, an improved chan-
nel sequencer, digital I/O, and three 16-
bit, on-board counters. Single-ended or
differential mode inputs on individual
channels in a variety of bipolar and
unipolar ranges can be selected.
For More Information Write in No. 712

Farmington Engineering Inc., Madison,
CT, has announced a line of Cv expan-
sion plugs for sealing cross-drilled
holes in metal manifolds and castings.
The single-piece assembly is available
in both English and metric diameters
from 0.156" to 0.562" and from 4 mm
to 14 mm. Manufactured from carbon
steel, 303 stainless steel, 416 stainless
steel, brass, or aluminum, the plug
material can exactly match the instal-
lation hole material.
For More Information Write In No. 713
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Off-the-Shelf ptics and Optical
Components for Science and Industry

At Edmund Scientific, we specialize in providing technical design
and research solutions with our extensive line of precision optics
and optical instruments—all of which are in stock and available for
immediate delivery. Call today for your FREE 228 page catalog.

8% Edmund Scientific

TECHNICAL RESEARCH SOLUTIONS
For Inquiries USA Japan
Dept. 15B1, N954 Edscorp Bldg. Phone: 609-573-6280  Phone: 03-5800-4751
Barrington, NJ 08007 Fax: 609-573-6295 Fax: 03-5800-4733

For More Information Write In No. 426

8 BIT, 250 MSPS A/D Card

World's Fastest A/D Cards

12 Bit, 60 MSPS A/D
8 Bit, 250 MSPS A/D

Up to 16 Meg Memory
Up to 32 Inputs

Low Noise
LabVIEW Driver
C & BASIC Drivers
" Free Software Support

Scope Emulation
Software Included!!

Ultra-Fast D/A Cards
Also Available

CSLITE & bit/ 40 MSPS / 16K $595

CS250  8bit/ 100 MSPS / 32K $3,500
CS2125 8bhit/250 MSPS /256K  $4,995
CS1012 12 bit/ 20 MSPS / 512K $4,995
CS6012 12bit/60 MSPS /512K  $6,995

U.S. Prices. International prices may vary.

GaQ@a 1-so0-s67-GAGE

Gage Applied Sciences Inc.

5610 Bois Franc Street , Montreal, Quebec, Canada H4S 1A9
Tel : (514) 337-6893. Fax : (514) 337-8411, BBS : (514) 337-4317

80 For More Information Write In No. 425

Sci-Tech International Inc., Chicago,
IL, has released a catalog of sci- |
entific, engineering, and technical
software featuring 1850 products,

including 100 new
products, for DOS, Windows,
Macintosh, and UNIX workstations.
The 166-page publication also car-
ries articles on visualization and data
analysis tools.

For More Information Write In No. 725

instructional ;

A Windows-based CD-ROM electron-

ic motor and drives catalog from |

Baldor Electric Company, Fort Smith,
AR, carries information on over 4000
‘ of the company's motors and drives,
‘ including AC and DC motors; inverter,
| vector, and DC drives; servo drives;
| and soft-starters. For each product,
the database holds a dimension
l drawing; performance specs, a con-
| nection diagram, and information on
replacement parts.
For More Information Write In No. 729

| 87-page catalog of data acquisition

and DSP products for VMEbus and |

| Multibus applications. Products
include MIX modules such as floating
point DSP processors, digital 1/O,
[ T1/CEPT, multichannel A/D conver-
sion, very high-speed A/D conver-
| sion, telecommunication interfaces,
| SCSI and RS-232C interfaces, mutt-
channel digital audio, and a prototyp-
ing module; processor products; and
software.

For More Information Write In No. 730

\
\
| Pentek Inc., Norwood, NJ, offers an |
[

A catalog of new data acquisition
products and applications from
Keithley MetraByte, Taunton, MA,
includes a new, portable data acquisi-
tion chassis; a set of integrated Visual
Basic custom controls; the Field PC,
a rugged, portable data acquisition
system for harsh environments; and
portable solutions such as 1 GHz
waveform digitizer boards.

For More Information Write In No. 726

An automation components catalog
introduced by Techno-Sommer
Automatic, New Hyde Park, NY, fea-
tures over 650 automation compo-
nents, with major sections on grip-
pers, tool changers, swivel units, lin-
ear actuators, rotary actuators, vacu-
um cup devices, and lubrication
products. The 98-page pneumatic
gripper section presents 112 models
such as pivoting arm, parallel, mini-

Plastic Design Library's Rapra
Abstracts CD-ROM, from William
Andrew Inc., Norwich, NY, is the

world's largest compilation of plas-
tics and rubber information, contain-
ing over 450,000 abstracts. With ref-
erences collected from over 500 jour-
nals in 30 countries, as well as books,
reports, and other literature, the
Windows™ single-screen interface
database comprises indexed sum-
maries encompassing technical, aca-
demic, commercial, and marketing
aspects of plastics and rubbers
industries.

For More Information Write In No. 727

finger, and 3 jaw.
For More Information Write In No. 731

ASM International, Materials Park,
OH, has published Nondestructive
Testing, a 225-page book featuring
a wide range of NDT methods and
techniques covering problems and
defects that arise in mechanical
devices, electrical equipment,
hydraulic systems, and transporta-
tion mechanisms. Besides practical
hints for resolving day-to-day prob-
lems, the text provides the theory
behind each method so the most
appropriate one can be selected
and used.

For More Information Write in No. 728

Call 800-521-1615

Galco Industrial Electronics, Madison
Heights, MI, has published a new
version of its industrial electronics
repair capabilities manual, which
includes repair pricing for over
32,000 electronic products from
more than 1200 manufacturers. The
company has added calibration and
remanufactured circuit board pur-
chase/exchange programs to its exist-
ing specialty repair of AC/DC drives,
CNC controls, and PLC products.

For More Information Write in No. 732
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The ActionJac™ electric cylinder
actuator design guide from Nook
Industries Inc., Cleveland, OH, provides
detailed engineering drawings and data.
Made for precise positioning of heavy
loads, the electric cylinders are alterna-
tives to traditional hydraulic systems.
For More Information Write In No. 733
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StacoSwitch Inc., Costa Mesa, CA,
has released its 24-page single lamp
lighted and unlighted switches cat-
alog. Withstanding severe environ-
ments in military, industrial and com-
mercial settings, these switches offer
rugged field-proven performance at a
reasonable price. A variety of lighting
and legend options are available.
For More Information Write In No. 734

Nolo Press, Berkeley, CA, offers Patent,
Copyright and Trademark: A Desk
Reference to Intellectual Property Law
for inventors, programmers, and any-
one who needs to understand the com-
plexities and terminology of intellectual
property law. It provides an overview
and straightforward explanations of
patent and copyright law protection,
concise definitions of terminology with
contextual examples, and sample non-
disclosure agreements.
For More Information Write in No. 737

Mat-Vac Technology Inc., Flagler
Beach, FL, has announced its 30-
page 1995 thin film materials cata-
log, with a selection of high-purity
sputtering targets, target bonding,
evaporation materials, rods, sputtering
systems parts, and electron beam gun
crucible liners.
For More Information Write In No. 738

A high-temperature epoxy, elec-
tronic and structural adhesives
handbook offered by Cotronics Corp.,
Brooklyn, NY, presents technical data,
typical applications, literature, photos,
and illustrations concerning epoxies,
ceramics, and specialty adhesives for
uses up to 2205° C. Duralco adhe-
sives adhere to metals, ceramics, and
plastics and offer corrosion resistance
and dielectric properties for applica-
tions such as assembly, castings,
tooling, potting, and repair.
For More Information Write In No. 735

The 2nd Edition 7995 Master
Source-Book from Industrial
Computer Source, San Diego, CA, is
a 192-page catalog of more than
1500 data acquisition and control
items, including computer, 1/0, net-
working, and software products. The
catalog features CPUs, rack-mount
bays, instrumentation cards, periph-
erals, controllers, and accessories.
For More Information Write Iin No. 739

LUMITEX...woven
backlighting

= M

Shell Chemical Co., Houston, TX, has
introduced Shell Resin Systems for
Composite Applications, an eight-page
brochure describing resin systems for
use by composite part fabricators.
Included are epoxy resins, epoxy mod-
ifiers, curing agents, and a technical
summary chart of physical properties.
For More Information Write In No. 740

Setra Systems Inc., Acton, MA, has
introduced a free pressure transducer
handbook to help design engineers
understand, specify, and apply capac-
itive pressure transducers. The book
includes a selection guide, a comparison
of strain gauge vs. capacitive technology,
and in-depth information on transducer
For More Information Write In No. 736

The 1995 IC Master CD-ROM Plus
from Hearst Business Publishing,
Garden City, NY, includes product
information on 108,000 integrated
circuits, including more than
20,000 new devices. The catalog
includes an alternate source direc-
tory, manufacturers' data pages,
and a manufacturers and distribu-
tors directory.

For More Information Write In No. 741

Announcing

The Second Annual

SBIR TECHNOLOGY
OF THE
YEAR AWARDS

Has your company developed a novel, commercially
promising technology/product through the govern-
ment’s Small Business Innovation Research (SBIR)
Program? You may be eligible for a 1995 SBIR
Technology Of The Year Award, presented by the
Technology Utilization Foundation in cooperation with
SBIR-sponsoring agencies of the federal government.

Nominees will have the opportunity to showcase their
technology/product at Technology 2005, the world’s
largest tech transfer conference and exhibition
(Oct. 24-26, Chicago), and will be featured in the
pages of NASA Tech Briefs.

To learn more about this prestigious national award
and obtain a nomination packet, call Wayne Pierce at
(212) 490-3999 or write in no. 444.
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Westing Software, Corte Madera,
CA, has released Computer-Aided
Research and Development
(CARD™) experiment design soft-
ware for scientists and engineers in
product, process, and quality R&D.
The user selects a number of design
options, and CARD provides the infor-
mation content of each option in sim-
ple terms. A Navigator guides the user
to the right experiment design based
on research goals and resource limita-
tions. The package costs $495.
For More Information Write In No. 751

MLAB (Modeling LABoratory) mathe-
matical modeling software from
Civilized Software Inc., Bethesda,
MD, features curve-fitting and differ-
ential equation capabilities, dynamic
system modeling capabilities, and a
range of mathematical and statistical
functions. Differential equations are
solved by an algorithm that automati-
cally selects the method and step size
for each solution, minimizing errors
and computer time. It offers more
than 400 built-in functions from the
areas of mathematics, probability and
statistics, and signal analysis. Prices
start at $1495 for the DOS version.

For More Information Write In No. 755

IDL 4.0 scientific/engineering soft-
ware from Research Systems Inc.,
Boulder, CO, enhances data analysis
and visualization and accelerates
application development. The pro-
gram includes mathematics and sta-
tistics that meet or exceed dedicated

analysis package capabilities.
Application connectivity allows users
to call outside programs. The price
for Windows, Windows NT,
Macintosh, and native Power
Macintosh versions is $1500; UNIX
and VMS versions start at $3000.

For More Information Write In No. 752

InfoNow Corp., Boulder, CO, offers
EvaluWare™ Try-Before-You-Buy, a
CD-ROM of engineering software
packages that simplifies the process
of searching for, evaluating, and pur-
chasing technical software. More than
80 fully functional software packages
include shareware and NASA-devel-
oped applications from the COSMIC
library. Users can test-drive each
package, purchase the software from
the CD-ROM, and have it down-
loaded to their PC. The CD-ROM
costs $29.95, which is refunded with
the first purchase.

For More Information Write In No. 754

DEA, a division of Brown &
Sharpe Manufacturing Co., North
Kingstown, RI, has introduced
Chorus™ measuring and inspec-
tion software. A DMIS-based opera-
tor interface incorporates point-and-
click selection of functions such as
dimensional measurement, surface
generation and analysis, elementary
measuring cycles, part alignment
compensation, and automatic calibra-
tion of multiple probe configurations.
For More Information Write In No. 756

MicroStation PowerDraftt™M 2D and
3D production drafting software
from Bentley Systems Inc., Exton, PA,
reduces time spent detailing designs
by providing focused drafting capabil-
ities and the ability to customize with
the MicroStation BASIC language.
The program is available for $1950 in
Windows, Windows NT, and DOS
platforms, and will be available on
Windows 95.
For More Information Write In No. 757

GraphiC™ scientific drawing soft-
ware from Scientific Endeavors
Corp., Kingston, TN, is a platform-
independent C library that encom-
passes over 240 functions, enabling
users to write scientific graphing
programs without GUI program-
ming. Linear and logarithmic X-Y
plots; 3D surfaces; and polar, pie,
bar, and Smith charts can be creat-
ed. Three-dimensional surfaces are
shaded to allow color changes.
Various C procedures and functions
are combined with sample graphs to
write original programs. Program
output can be converted to most file
formats, and can be imported to
desktop publishing packages or
used directly in scientific publica-
tions. The DOS version costs $465;
all other platforms are $495.

For More Information Write In No. 753
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MAR KETP LAC E To Advertise — Call (212) 490-3999

RUGGED, HIGH PERFORMANCE AND
LIGHT WEIGHT SYSTEM WITH
COLOR TFT LCD VGA DIPLAY

ST-3500LCD STANDARD FEATURES INCLUDE:
» 14 SLOT PASSIVE BACK PLANE, ISA/EISA/PCI
* 300WATT 110/220V AC 50-400HZ POWER SUPPLY
* 80486DX2-66 OR PENTIUM 60/66/90 CPU CARD
¢ 10.4" TFT COLOR DISPLAY, 640X480X256 COLORS
* SHOCK ISOLATED DRIVE CAGE TO MOUNT ONE 3.5 AND
TWO 5.25" HALF HEIGHT DRIVES
« 2 SERIAL AND 1 PARALLEL PORTS, MS DOS 6.22
AVAILABLE IN VARIOUS AND CUSTOM CONFIGURATIONS,
FOR FURTHER DETAILS CONTACT:
IBI SYSTEMS INC., 6842 NW 20 AVE
FT. LAUDERDALE, FL 33309
305-978-9225 FAX: 305-978-9226

For More Information Write In No. 580

FREE!
130
Page
Catalog

“Optics
or
Industry”

Free 130 page product catalog from Rolyn,
world’s largest supplier of “Off-the-Shelf" optics.
24-hour delivery of simple or compound lenses,
filters, prisms, mirrors, beamsplitters, reticles,
objectives, eyepieces plus thousands of other
stock items. Rolyn also supplies custom prod-
ucts and coatings in prototype or production
quantities. ROLYN OPTICS Co., 706 Arrowgrand
Circle, Covina, CA 91722-2199, (818)915- 5707,
FAX (818)915-1379

For More Information Write In No. 581

Intelligent Data Acquisition

B The 486-based DAP 3200e™Data Acquisition Processor™
board has its own on-board multitasking real-time operating
system, DAPL™, that does the time-critical work in an appli-
cation. DAPL, optimized for data acquisition and control,
recognizes 100+ standard commands. A typical application
is completely defined with DAPwindows™ in just minutes.
B DAPwindows, running on the PC underWindows,canissue
commands to DAPL to acquire data or control processes in
real time through the Data Acquisition Processor, freeing an
application from unacceptable delays imposed by Windows.
Special on-board hardware bypasses DMA to drive the bus at
maximum speed.

Please contact us to discuss your project, or for information:

206-453-2345
206-453-319 ;ax  IMICROSTAR

2265 116th Avenue NE

Bellevue, WA 98004 LLABORATORIES

For More Information Write In No. 582

Free DSP Catalog

Discover the latest revolution in Digital Signal Processors,
the ADSP-2106x Super Harvard Architecture Computer
from Analog Devices, Inc. We are ready to deliver SHARC
boards and modules for your PC-based DSP applications
today. We've been the foremost supplier of PC solutions for
ADI DSPs for years and our new SHARC products maintain
and advance our leadership role. Call BittWare today,
because you've got a lot on your plate, and so do we.

ETTWAR
800-848-0436

33 North Main Street * Concord, NH 03301
FAX: 603-226-6667 * E-Mail: bittware@bittware.com

For More Information Write In No. 583

Quit Guessing. Simulate it!

VisSim is the ideal environment for nonlinear
dynamic simulation, automatic optimization,
real-time simulation, and control.

VisSim Is the best simulation
software I've ever used.
Robert Josseison, Ph.D

Staff Engineer

Alliant TechSystems

(508)392-0100

487 Groton Rd.. Westford. MA 01886

W [IR/FIR Filter Design

¥ Fast Real-Time I/0

& Vector Operations

® 2000+ real-time 1/0 points

s

For More Information Write In No. 584

Low-Pass
Filter Boards

Compatible with any A/D converter
Expandableupto 8 filterand/or gain channels
Flexible: choose from 8-poleelliptic, linear
phase, Bessel, Cauer, and Butterworth filter types
Gainsof 0.5 to 2,000 for +10V input
Programmable cutoff frequency range of 1Hz
to 100kHz (up to 250kHz optional)

Call for complete data sheets

714-850-9984
Fax 714-850-9987

2900 Bristol §t., #E-101, Costa Mesa, CA 92626

For More Information Write In No. 585

Today's most advanced data recording sys-
tems are not paper chart recorders. They're
paperless, PC-based data acquisition sys-
tems from Dataq Instruments. We've re-
placed traditional instruments in a variety of
applications with low-cost and flexible alter-
natives that save our customers thousands in
paper costs alone. Factor in the productivity
gains of computer-based analysis, and you
have a solution you can’t afford to ignore.

¢ Battery-powered and desktop solutions

¢ Hard copy to any graphics printer

¢ Sample rates of 1 to 500,000 Hz

¢ Connects from 1 to 240 channels to any PC

800-553-9006

You Can Turn Your PC Into A Waveform Recorder!

CALL FOR

FREE
INFORMATION

DATA a INSTRUMENTS, INC.

For More Information Write In No. 586

= e e o 2 =

X
TN

TORGVE

.fff_._.b_[

Smaller than a credit card and

C-programmable! Ask for our free
Dynamic C™ demo disk. Call our
AutoFAX 916-753-0618 from your
FAX. Request catalog #18.

1724 Picasso Ave.
Davis, CA 95616
916.757.3737
916.753.5141 FAX

For More Information Write In No. 587
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Small Drive Components

Stock 5‘
Drive Sterling
Products W TOT T T

2101 Jericho Turnpike, Box 56416
New Hyde Park, NY 11042-5416

Off-The-Shelf Inch &

/

THE TECHNOLOGY CONNECTION

MARKETPLACE
i e e R R

East

Robert P. Bell

Robert Platt Bell, P.C.
P.O. Box 19668
Alexandria, VA 22320
(703) 683-8822

Former patent examiner specializing
in patent application preparation and
prosecution.

Fisher & Associates

1700 Diagonal Road, Suite 200
Alexandria, VA 22314

(703) 739-4805

Fax: (703) 739-4809

Patent, trademark, copyright, and

licensing marters.

C. Bruce Hamburg, Esq.
Jordan And Hamburg
122 East 42nd St.

New York, NY 10168
(212) 986-2340

Patents, trademarks, copyrights,
chip protection, searches, licensing,
litigation.

Midwest

Francis C. Kowalik, Esq.
Kowalik & Kowalik

1658 W. 35th St.

Chicago, IL 60609

(312) 523-3535

Patents, trademarks, copyright and
licensing since 1940.

West

John R. Flanagan
Registered Patent Artorney
1900 13 St., Suite 205
Boulder, CO 80302

(303) 449-0884

Patent services nationwide, low fixed fees.

Announcing The Second Annual

SBIR TECHNOLOGY
OF THE YEAR AWARDS

<$»80/20 Inc..

wsscwsso The Industrial Erector Set™

nts

For More Information Write In No. 589

over —
(219) 478-8020 * FAX 478-8121

2570 Commercial Road « Fort Wayne, IN 46809

Has your company developed a novel, commercially
promising technology/product through the govern-
ment's Small Business Innovation Research (SBIR)
Program? You may be eligible for a 1995 SBIR Technology of the Year Award, presented by
the Technology Utilization Foundation in cooperation with SBIR-sponsoring agencies of the
federal government.

Nominees will have the opportunity to showcase their technology/product at Technology
2005, the world's largest tech transfer conference and exhibition (Oct. 24-26, Chicago),
and will be featured in the pages of NASA Tech Briefs.

To learn more about this prestigious national award and obtain a nomination packet, call
Wayne Pierce at (212) 490-3999.

I
i
i
)
L
I
:
l
o

For More Information Write In No. 407

Striking full-color illus-

tration on quality white

T-shirt recaptures the
spirit and excitement
of the Apollo moon
landing. Available in
children's and adult
sizes - S, M, L, XL.
$12.95 each plus

$5.00 shipping/han-

dling. (NY residents add
sales tax.)

Mail order with check to:
Associated Business
Publications, Dept.
F, 317 Madison
Avenue, Suite
921, New York,
NY 10017. Be
sure to indicate
size(s). Credit
card orders call
(212) 490-3999.
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NASA Tech Briefs, July 1995



Announcing A Special Workshop Series For NASA Tech Briefs Readers
I

Intexrnet Intensive two-day workshops for

rise clat engineering and scientific
professionals who want to take full

advantage of the Internet —
the world's largest computer
network. Sponsored by the
publishers of NASA Tech Briefs.

Upcoming workshop: Expert instructors include:
Stephen Arnold, author of Internet 2000:The Path to the Total
Waltham MA Network and President of Arnold Information Technology. His
internationally-recognized company has designed Internet appli-
luly 24-25 cations for organizations across the U.S., Canada, and England.

Westin Hotel Ulla de Stricker, De Stricker & Assoc., an expert in the design
and development of on-line information systems, including
Internet applications.

Plus: experts from the Federal Lab Consortium, NASA, and
"The information superhighway"..."the infobahn"...You've heard the hype — other key federal agencies who offer a wealth of technical and
now get the facts on how you really can exploit the Internet’s power to schisitiic rasotnces ool i
boost your competitiveness and productivity. You'll gain expert insight on: .

*Where and how to find important on-line engineering and scientific
resources from the government and industry; learn about the latest

research tools and navigation aids Your registration includes an Internet Tool Kit — supplemental

materials to help you make immediate use of the information

eHow to get connected quickly for the least investment; what you need to | preserited and dempastrati

know to choose the best service providers, hardware, and software

Seating is extremely limited and offered on a first-come,
*The Internet and ISO 9000/9001: minimizing your risk and cost in | first-served basis.

quality and compliance; managing distributed documents
A discount hotel rate of $89 is available at the Westin.

*Practical cases studies, including virtual engineering via sound and video .. Call (800) 228-3000 and identify yourself as an Internet
conferencing, and share applications Tech Connect participant.

[] Register me for the Internet Workshop July 24-25 in Waltham, MA. Registration fee: $445 by July 10; $495 after July 10.
Includes all workshop materials; continental breakfast both days; lunch and reception on July 24 only.

Name

Title Send me information on future workshops:
Company [[] Atlanta (September '95)

Address [[J San Francisco (November '95)
City/St/Zip

Phone No. Fax No.

e-mail address [J My check or money order, made payable to
Total: $ Associated Business Publications, is enclosed.

Please charge ____ registrations to my
[JAmEx [JVISA [] Mastercard.
Card Number

Please also register the following individuals at a 25% discount
(must be same company):

1. Title
2 Title

Signature Date

Mail with payment to:
Associated Business Publications, Dept. IW, 317 Madison Ave, #921,
New York, NY 10017. For fastest registration, fax (credit card orders) to: (212) 986-7864.

An information packet with a detailed workshop program will be mailed to registrants prior to the event. Registrations are transferrable.
If you need to cancel, registration fee less a $50 service charge will be refunded if cancellation is made more than one week in advance.



Mix multiple instruments into
your data acquisition brew and you
might conjure up something you
wouldn’t want to live with!

Used to be,

you had to
conjure up a

these capabilities

are fully inte-
grated and easily
variety of test transported to
inglroznents to \ ‘ L & Vg remote test locations.
overcome the inherent bl 2 ( o And, since ACQuLab
\ : converts raw data to
useful information at the

time and place of acquisition,

you make the most effective
use of valuable test cell resources.
ACQuLab takes the monster off your bench-
top and replaces it with a comprehensive,
efficient, real-time data acquisition system.

limitations of single function
products. The result was a
monster of different instruments,
data formats, cables and user inter-
faces that increased the headaches, time N
and cost of design testing. \ “ /
Now, there’s a better way. With the ACQuLab™ '
Data Acquisition System from Gould Instrument ‘
Systems, all critical test functionality is &) A See how the
combined in a single system, ~_— 7% ACQuLab Data

to 3 .
controlled by a single graphic @}5 W € Qﬂ ) Lo ¥ Acquisition

user interface for enhanced ~ : {/ System w1ll solve
data acquisition, new perspectives 2 5/ your testing
and real-time answers to challenging TN problems. Call

/

test applications. (800) 468-5365
Only ACQuLab provides functionality in all today.
five critical areas of data acquisition: input
signal conditioning, continuous data acquisition, -} G 0 U I_D Gould Instrument Systems, Inc.
real-time monitoring, real-time hard copy, and ol ol 8333 Rockside Road
data playback and analysis. With ACQuLab, all Valley View, Ohio 44125

ACQuLab is a trademark of Gould Instrument Systems, Inc.
©1995 Gould Instrument Systems, Inc.

For More Information Write In No. 539
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