— ring Engineering

Technology to Over 200,000
Qualified Readers Throughout
Industry and Government

Source of Acquisition

CASI Acquired

Visualization
~Software:

Powenrful
- Tools Of
) Discovery




(et Interactive!

File Edit View Build Run

Library Window Options Help

1 Fluke 45 Digital Multimeter...
main()

£145 anit (1)

£145_config_prim_| Load...

Unload...
TekTDS_Init (2. 1| Edit...

DisplayPanel (handle)
RunUserInterface ():
int RunTest (double upperLimit. double low

InitializeTests():
RunSequencel() :

PS _Read Waveform i1,

}
19/2% S|C Ins|&@ *

TekTDS_Config_Vertical (I, U.0S0, 0.0, WAVEFORM DISPLAY
handle = LoadPanel (0. "scope.uixr". SC A0 i ;

TRIGEER TRIO MODE TRIG SOURCE
Auto EXT2 -
|| SLOPE LEVEL CUOLTS) yopmii— £ -
CHANNEL1 CHANNEL 2 TIMEBASE
u/iv U/Div Sec/Div
0 30 20 20 30
i o 50 o e
o] el
Hagnitude Hagniti
|21 s el PR
COUPLING COUPLING .
GHD— 2 GND— £ x’?
oc. DC—) 3
L | 0,
b cHI

LabWindows/CVI
The Programming Power of C, the Development Ease of BASIC

iscover a new approach to C programming for

instrumentation - the interactive approach. With

LabWindows/CVI, you harness the power and
flexibility of ANSI C through easy-to-use interactive
code-generation tools. LabWindows/CVI is an ANSI C
programming environment with GUI objects,
instrumentation libraries, data analysis functions, and
utilities specifically designed for data acquisition and
instrument control systems.

Interactive Development
As an instrumentation system developer, you need quick
results. With LabWindows/CVI function panels, you can
interactively acquire data from plug-in boards, or control
GPIB, VXI, and RS-232 instruments
without writing a single line of code.
Then, use function panels to generate
code automatically and jump start
your programming efforts.

‘7 NATIONAL
INSTRUMENTS

The Software is the Instrument*

C Programming Flexibility

LabWindows/CVI is more than just interactive tools to
make programming easier. With LabWindows/CVI, you
have the power and flexibility of ANSI C at your finger-
tips, so you can be assured that it is fast enough, powerful
enough, and flexible enough to get your job done. Plus,
the integrated LabWindows/CVI environment has the
advanced editing, compiling, and debugging tools you
expect. Combining the power of ANSI C with an interac-
tive, BASIC-like development environment results in true
programming productivity.

You don't have to sacrifice ease of use when you program
in a standard language anymore.

!
Call for a FREE
LabWindows/CVI
demo disk
(800) 433-3488

(U.S. and Canada)

6504 Bridge Point Parkway ¢ Austin, TX 78730-5039 e Tel: (512) 794-0100 ¢ 95 (800) 010 0793 (Mexico) ® Fax: (512) 794-8411

Branch Offices: Australia 03 879 9422 « Austria 0662 435986 * Belgium 02 757 00 20 » Canada 519 622 9310 « Denmark 45 76 26 00 « Finland 90 527 232] « France 1 48 14 24 24 « Germany 089 741 31 30
Italy 02 48301892 » Japan 03 3788 1921 « Netherlands 03450 33466 « Norway 32 848400 » Spain 91 640 0085 * Sweden 08 730 49 70 » Switzerland 056 27 00 20 * U.K. 0635 523545

© Copyright 1994 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies.
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Here'’s our dilemma. If we tell you that the Microsoft® FORTRAN PowerStation family of

: TAKE T

32-bit development systems gives you the same level of performance on a high-end PC that you've come to expect from a UNIX®

FOR A

workstation, you might not believe it. You could, in fact, be skeptical when we say it's optimized to give you full

2,500rrm SPIN

32-bit power on multiple platforms such as MS-DOS," Windows" and Windows NT" operating systems. Even the fact that the

AND

Microsoft IMSL libraries are identical to workstation or mainframe versions but are only a fraction of their cost may not

PLE S

fully convince you. Or that FORTRAN PowerStation makes porting existing code to PC platforms easy and facilitates

Bl

programming thanks to an environment that lets you take full advantage of the Windows GUI. Let’s face it, the only thing that's

FRER, M)

sure to convince you about FORTRAN PowerStation is FORTRAN PowerStation. Which is why we're offering you the chance to

bkl L

test drive it absolutely free. Just fax or mail in the attached coupon, or e-mail us at fortran@microsoft.com. But do it soon,
°

COMPILERS.

because supplies are limited. And like any test drive, we ask that you observe the speeci limit. So please try to keep it under 3,000.

- Microsoft

l WHERE DO YOU WANT TO GO TODAY?"“

FAX BACK (206) 936-7329 ATT: MICROSOFT FORTRAN
(or if you prefer, mail to Microsoft FORTRAN, | Microsoft Way, Redmond, WA 98052-6399.)

Before you take the FREE FORTRAN PowerStation Test Drive, there's something you should know. You
don't need a license, but you do need a PC running Microsoft Windows version 3.1 or later. And you do
need to hurry, because these kits are going fast.
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Now your PC can access
MSC/NASTRAN’s world of
unmatched FEA power and
productivity, fully integrated with
modeling and postprocessing. All
on easy-to-use Windows 3.1.

Priced for the PC
marketplace.

MSC/NASTRAN for Windows offers
basic structural analysis (static
stress, buckling, and normal
modes), heat transfer analysis
(steady state and transient), and

renerate Modify List

@ («l=]2]3] HRi@@l 2alcle] Erlal=

| MAGINE

Delete Check G

Von Mises Stress Contours

nonlinear structural analysis
(statics and transient). Modeling
and graphical features include
automatic and mapped meshing.
A sparse solver to increase speed
and minimize disk usage. Cutting
and pasting to other Windows
applications. Interactive help.
Dynamic rotation. Animation.
Contour and X-Y displays.
Isosurface and section cuts
through solid models. And shear
and bending moment diagrams.

For More Information Write In No. 503

To access your free
demo disk, call
800-642-7437,
ext. 500, and
experience
MSC/NASTRAN
power on your PC.

Imagine that.
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THE KNOWwWLEDGE EXPRESSWAY ™

The Fast Track for Technology Transfer
and Business Development

oy

COMMUNICATIONS
- E-Mail
- Forums
- Roundtables

INDUSTRY

- Collaborative opportunities FEDERAL & UNIVERSITY
- Needs & capabilities LABORATORIES

- Technologies & products }
& P - Research in progress

- Scientific expertise
- Technologies

> 4 NEW BYPASS NOW AVAILABLE

P e Connect via Internet or modem for
THE DIRECT ROUTE quick access to the.Knowledge FREE RQADSIDE ASSISTANCE
Expressway. Carpool with thousands With toll-free customer and technical
With the power of Natural Language of technology transfer professionals support, cruising down the Knowledge
Processing, there is no complicated using elegtronic communications. Expressway is worry free. A Knowledge
language to learn. Direct access to the Find solutions to your technology Express Technology Access Consultant
largest collection of technology needs qu|cklyfand efficiently, will help you plan your travel on the
transfer and business development SISETING clear.o. wrong turns that information superhighway.
information available makes the reduce productivity.

Knowledge Expressway much more
than a bulletin board of dated and
unedited material. Current information
and quality control helps you avoid
unneccessary detours.

WIDENED ON-RAMPS 1§

Small high-technology companies (under 500 employees), federal
laboratories and university technology transfer offices may be
eligible to participate in our National Technology & Commerce
Initiative, a Technology Reinvestment Project funded by ARPA. Call
us to learn more about subsidized rates with no initial fees.

| 4 v

Fasten Your Seat Belts!

Jump on the Knowledge Expressway and join thousands of federal laboratories,
universities and technology businesses worldwide who are already in the express lane.

| B

Knowledge Express Data Systems
One Westlakes, 123 5 Westlakes Drive, Suite 210, Berwyn, PA 19312
800-529-KEDS or 610-251-8000 Fax 610-251-8001

For More Information Write In No. 698
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=
Researchers at Jet Propulsion Laboratory have developed the
Integrated Sensor End-Effector (ISEE) to enable complete and
repeatable inspection of the space station by a robotic arm.
The ISEE has two cameras and illuminators for visual inspec-
tion and a set of other sensors to detect temperature,
gases/vapors, eddy currents, proximity, and force. The tech
brief on page 68 describes a method for computing robotic
motions using data from the ISEE.

Photo courtesy Jet Propulsion Laboratory
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200 MB Per Minute, We're
Setting The Pace.

TRUE COMPATIBILITY WITH
Aliant Macintosh
Alpha Micro McDonnell Douglas
Altos Motorola
Apollo NCR
Anix NeXT
AT&T Novell
Basic-4 082
Concurrent PS2
Convergent Parallel Port
Data General PC 386/ix
DEC SCS! PC MS-DOS
DEC Bl-Bus PC Xenix/Unix
DEC DSS!I Pertec
DEC HSC PICK
DEC Q-Bus Plexus
DEC TUTA81 Prime
DEC Unibus Pyramid
Gould/Encore Sequent
HP Silicon Graphics
[BM AS/400 STC
|BM Mainframe Stratus
{BM RISC/6000 Sun
[BM RT Texas Instruments
[BM $/38 Unisys
ICL Ultimate
Intergraph Wang
— and more

The CY-ASP is the fastest digital data stor-
age solution on the market, able to store up
to 70 GB at speeds of up to 200 MB per min-
ute, unattended.

But there’s more.

The fastest subsystem is also the most
flexible, giving you a choice of four record-
ing modes plus offline copy and verify
functions.

In Single Mode the drives operate
independently.

In Cascade Mode data automatically
writes to the next tape once the previous
tape is full.

In Mirroring Mode the same data
writes to multiple tapes simultaneously.

In Striping Mode data writes to two or
more tapes at once, maximizing throughput.

Consider it a data storage management
tool, a solution that will help you solve the
problems you encounter every day: the
need for higher capacity and speed, the
need to make duplicate tapes for off-site
storage and data exchange, the need for
real-time status information, and the need to
save resources and boost productivity on
every level.

Of course, we also know that a storage
solution is only as good as the data you get
back. With a bit error rate of less than 1 in
10" bits read, the CY-ASP gives you the
highest data integrity.

Based on proven 8mm helical scan
technology, each drive supports our switch-
selectable data compression option. And
each drive features a 2-line, 40-column back-
lit display that gives complete status informa-
tion.

Backed by a two year warranty that in-
cludes expert service and support from our
in-house engineering group, the CY-ASP is
setting the pace in performance, flexibility
and value.

Other configurations are available, rang-
ing from a 2.5 GB subsystem to an intelli-
gent, automated 3 TB tape library. And
they're all compatible with the widest range
of computer systems and networks.

When you're ready for a data storage
solution that means business, call for
complete information.

(804) 873-9000

CONTEMPORARY

CYBERNETICS

Rock Landing Corporate Center ¢ 11846 Rock Landing ¢ Newport News, VA 23606 o Fax: (804) 873-8836

For More Information Write In No. 504
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Japan’s Yohkoh satellite carried a combination soft
x-ray telescope/CCD camera, built by Lockheed’s Solar
- 2 and Astrophyics Laboratory, that captured the sun in
85 Life Science the x-ray wavelength region. This image illustrates how
P3N 85 Finger-Circumference-Measuring Device the million-degree plasma surrounding the sun is con-
ﬂ fined into loops by the solar magnetic field. Processing
4 of the image was performed using Interactive Data
Language, a scientific computing environment from
Research Systems Inc. that integrates mathematical,

86 Books and Reports statistical, 2D plotting, 3D graphics, mapping, and

86 Computing Microwave Force via image processing functions. Turn to Mission
Boltzmann-Ehrenfest Principle Accomplished on page 16.

86 Magnetic Bearings for Turbopumps Photo courtesy Research Systems, Inc.
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From Algor:
Straight Talk about Accurate Results

Algor Prevents
13 = LE]
Error “Pollution S DR
(Algor method with “Smooth"

The results from any FEA program option nSupsrviaw aff) @- Gauss Points Where
are most accurate at interior locations Answers are Computed
inside each element called Gauss points.
The Gauss points are usually located
roughly halfway between the middle and
corners of an element. However, the
highest stress usually occurs at nodes
on the outside of a model, away from
the Gauss points of adjoining elements.
An issue every FEA program faces is
how to compute the best results at the
nodes, where the action is.

A - Theoretical Results D - Nodal Smoothing

Algor uses a special technique called Distorted Eiemont
“local smoothing" to compute the stress Note that when global smoothing is used, the distorted element pollutes its neighbors.
2 Y When the Algor methods are used, the distorted element does not affect its neighbors.
at each node. Within each element the With Algor, the ability to compare smoothed and unsmoothed results is a powerful tool

for getting accurate results.
stresses are extrapolated from the gerng

Gauss points to the nodes. At each
node, every element touching that node has a different computed stress value. This is known as “stress to
nodes.” When desired, stress values at nodes are averaged to provide better accuracy and nicer contouring.
Other programs use “global smoothing” which “smears” the stresses over several elements, or even the entire
model and consequently pollutes the analysis with errors from the distorted mesh.

Here’s how:

1 When different materials are joined together, the stress picture really is different from one element to the
next. Smearing the results with global smoothing masks these differences. Local smoothing the Algor way
preserves these real stress differences. For example, if two materials are joined together and subjected to a
thermal change, the transverse stresses are needed to design the joint. With local smoothing, the
tensile/compressive stresses at the interface are clearly visible (Figure 1B). With global smoothing, these
tensile/compressive stresses are averaged to near zero (Figure 1A).

2 If a distorted element is in the model, Algor’s local smoothing isolates its inaccurate results, eliminating
the “pollution” of surrounding elements. Global smoothing used by other FEA programs spreads this pollu-
tion around, decreasing the overall accuracy (see Figure 2).

1 Different materials with thermal stress:
Algor ‘
Global Smoothing Local Smoothing ®

When the Engineering
Has to be Right”

For UNIX Workstations
and Pentium

Algor, Inc.

Interface stressé ' g Interface stresses z
150 Beta Drive
2 Distorted elements in simple bar under tension: Pittsburgh, PA 15238-2932 USA
Phone: +1 (412) 967-2700

Fax: +1 (412) 967-2781
California: (714) 564-0844

Europe (UK): +44 (784) 442 246
Tokyo: +81 03-3589-6148

! < For a free copy of Algor’s

technical white paper
on local vs. global smoothing,
call or fax today.

Algor
Global Smoothing Local Smoothing

A Erroneous stress B Erroneous stress

pollutes model. is contained.
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Converter

50

Another breakthrough in hybrid A/D technology from Analogic....

The ADC3120... 90 dB of spurious free dynamic range at a 20 MHz sampling
rate. The search for the highest SFDR is over. The ADC3120 provides near-
theoretical performance in a compact hybrid package. When you require the
maximum spurious free dynamic range, you need Analogic.

pu—

« 14-Bit Resolution * Low Power

+ 20 MHz Sampling Rate « High Reliability

+ High SFDR (>90 dB) « Hermetic Environment
* Low Noise + Small Size (1.6" x 2.4")

Wﬁalever your needs in advanced hybrid A/D converters, from the high SFDR
of the new ADC3120, to the precision and speed of our 16-bit, 2 MHz ADC4322,
we’ve got your demanding requirements covered.

Call us today at 1-800-446-8936 to discover how to take your application to
a new level of performance... at surprisingly attractive OEM prices.

Analogic Corporation, 360 Audubon Road, Wakefield, MA 01880
1-800-446-8936 FAX: 617-245-1274

 ANALOGIC H

The World Resource
for Precision Signal Technology

For More Information Write In No. 501



How to stay out of the rough
in surface mount technology.




"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
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Over the past three decades, NASA has
granted more than 1000 patent licenses in
virtually every area of technology. The agency
has a portfolio of 3000 patents and pending
applications available now for license by
businesses and individuals, including these
recently patented inventions:

Plasma Arc Welding Torch Having
Means for “Vortexing” Plasma Gas
Exiting the Welding Torch
(US Patent No. 5,362,938)
Inventors: William McGee and Daniel
Rybicki, Marshall Space
Flight Center
A swirl ring, or vortexing device, in the body
of a welding torch creates a vortexing action
in the plasma gas, which concentrates the
arc into a denser and more narrow energy
column. This vortexing permits a more nar-
row weld bead and heat-affected zone and
also helps maintain arc symmetry, thereby
reducing asymmetrical weld bed shapes and
related defects.
For More Information Write In No. 743

Method and Apparatus for

Detection and Control of Prelasing

in a Q-Switched Laser

(US Patent No. 5,355,383)

Inventor: George E. Lockard, Langley
Research Center

In a Q-switched pulsed laser, the Q-switch

sometimes fails to hold off completely the

laser cavity’s lasing action, resulting in pre-

mature leaks of light from the cavity, or

“prelasing.” Mr. Lockard's apparatus gener-

ates an electrical signal when it detects light

at a point beyond both the Q-switch and

partially transparent endplate of a laser reso-

nator cavity. When the signal exceeds an

established threshold value indicative of

prelasing, laser operation is terminated.

For More Information Write In No. 745

Airplane Takeoff and Landing

Performance Monitoring System

(US Patent No. 5,353,022)

Inventors: David B. Middletown,
Raghavachari Srivatsan, and
Lee H. Person, Langley
Research Center

Data on runway ambient condition, flap set-

ting, and airplane loading characteristics al-

low a novel airplane monitoring system to

generate an acceleration history and predict

performance during takeoff and landing. The

system compares these predictions with

measurements taken as the airplane actu-
ally moves down the runway and depicts the
results in real-time on both a head-up and
head-down display. An improved estimate
of the runway coefficient of rolling friction
can be derived by comparing measured with
predicted performance.

For More Information Write In No. 741

Acceleration Recorder and

Playback Module

(US Patent No. 5,359,896)

Inventor: Richard J. Bozeman, Johnson
Space Center

Vibrational analysis of machinery can help

prevent extensive repairs and catastrophic

failures, yet the necessary accelerator re-

cording and analysis systems have been

both bulky and expensive. Mr. Bozeman’s

relatively lightweightand low-cost solid-state

analog module obviates the need for digitiz-

ing equipment because analog signals are

stored directly into memory cells rather than

being digitized before storage.

For More Information Write In No. 742

Parachute Having Improved Vent
Line Stacking
(US Patent No. 5,360,187)
Inventor: John E. Hengel, Marshall
Space Flight Center
When conventional vented parachutes are
carrying a load, the adjacent vent lines ex-
tend from the ventband at such an angle that
tension tends to tear the vent band. Mr.
Hengel's design has a central vent opening
with vent lines extending across the opening
and the ends of the lines secured to a vent
band extending around the opening’s pe-
riphery. Each vent line lies on a diameter of
the opening with the centers of the lines
forming a stack in its center. Vent lines that
are adjacent on the vent band are separated
in the stack by no more than one vent line.
For More Information Write In No. 740

Thin Composite Solid Electrolyte Film
for Lithium Batteries
(US Patent No. 5,360,686)
Inventors: Emmanuel Peled, Ganesan
Nagasubramanian, Gerald
Halpert, and Alan |. Attia, Jet
Propulsion Laboratory
Because of their high energy density, long
active life, and low self-discharge, lithium
batteries are under consideration for various
space, communication, and automotive ap-
plications. However, current polymer elec-
trolyte/lithium batteries exhibit low mechani-
cal strength, especially above 100 °C. A new
thin composite solid electrolyte (CSE) film
comprises small reinforcing alumina (ALO,)
particles in a binder rein such as polyethyl-
ene oxide that are coated with a compatible
lithium salt such as lithium iodide. The CSE
exhibits a Li* transport number close to one
and an interfacial Li/CSE resistance ten-fold
lower than the polymer electrolytes.
For More Information Write In No. 744
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Surface mount interconnects are
a whole new game in technology.

help from the pros
makes life easier.

Each surface
mount application
presents its own
problems requiring |
a unique solution,
Our experience in
design and manu-
facturing can help
guide you through the options,
giving you a clearer understand-
ing of what you can (and can’t) do
to integrate surface mount inter-
connects into existing or new
products.

We'll show you the variations in
form you can choose from — from
through-hole compatibles to new,

- ultra-fine-pitch SMT
products. We'll
make sure the con-
tact configuration
and foot design you
8 choose are right for

 the physical require-
& ments of your sys-
& tem. We'll help
M determine optimum
 holddown type,

If you would like more information about AMP surface mount solutions, call our Product
Information Center at 1-800-522-6752 (fax 717-986-7575). AMP, Harrisburg, PA 17105-3608.
In Canada, call 905-470-4425.

For More Information Write In No. 502

And as in most new games, a little

based on how your product will be
assembled and used. And we'll
show you how the right combina-
tion can answer
design needs and
fit successfully
. into production.
. Weoffer the
. manufacturing
technology you
- need, too: our
" products are
designed for either
automated pick-and-place or
robotic application. They're avail-
able in tape and reel packages
(including EIA-481), tubes, and
trays to meet manufacturing
requirements. In fact, the packag-
ing, tooling, and feeder modules
we offer can all be tailored to your
unique assembly environment.
Want more help? We'll also
move you ahead in your design
efforts, keep you up-to-the-minute
on new advances, and simplify
your design process. Full techni-
cal information, catalog sheets,
and 2D and 3D models of many
product lines are available in CD-
ROM format to shorten your
design cycle.

AMP is a trademark.
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INCO VaporFal Nickel Coated Fihers

The INCO VaporFab family of conductive nickel coated For more information on this remarkable new
carbon fibers is produced in a proprietary fiber coating product from INCO Specialty Powder Products, call
process at INCO’s modern nickel refinery operations. or fax us today.

The coating process yields several unique advantages.

The nickel layer is very uniform, with extremely thin B ——
film coating. It provides for controllable conductivity, | N C O S P P
retained mechanical integrity, ease of handling and - e

processing benefits.

: e ; 681 Lawlins Road, Wyckoff, New Jersey 07481 USA, 201-848-1012
Here are just a few applications for this new product (Fax 201-848-1022)
from lNCO' The V?porFab famnly of C‘?”dPC“Ve n'Ck‘?' Shin-Muromachi Building, 4-3, Nihonbashi-Muromachi 2-chome, Chuo-ku,
coated fibers provides exceptional shielding properties Tokyo 103 Japan, 3-3245-0621 (Fax 3-3245-0628)
of electromagnetic and radio frequency interference 5th FI., Windsor House, 50 Victoria St., London SW1H OXB
when used in injection molding composites. It is well- United Kingdom, 71-932-1505 (Fax 71-931-0175)
suited for metal matrix composites, providing property 15/F| Wilson House, 18-27 Wyndham Street Central, Hong Kong, 521-2333
improvement, fiber matrix wetting and processibility.

(Fax 810-1965)
And, VaporFab conductive nickel coated fiber provides Royal Trust Tower, Toronto-Dominion Centre, Toronto, Ontario M5K 1N4,

lightning strike protection for composite structures. Canada, 416-361-7778 (Fax 416-361-7659)

For More Information Write In No. 511




To cut programming time on visual
translation of data from days or weeks to
just hours, a scientist or engineer can tun
to Interactive Data Language (IDL) from
Research Systems, Inc. (RSI). Instead of
laborious programming in C or FOR-
TRAN, the IDL user has in one package
the tools necessary to tailor the transla-
tion to the particular kind of data.

The system provides a wide array of
mathematical and statistical, 2D plotting,
surface plotting, 3D graphics, mapping,
and image processing functions and
combines them all in complex manipula-
tive operations. Thus a single command
may be equat to a page of C-language
code. For example, a researcher may
have data on atmospheric temperature
according to millibars of height at various
points in the globe. With just a few func-
tions, IDL can plot the data on a three-
dimensional map and add color for tem-
perature variations.

IDL also offers a way to check for

16

The Hubble Space Telescope captured
three rings of glowing gas encircling the
site of supernova 1987A, a star that
exploded in February 1987. The image
was taken in visible light with the Wide
Field Planetary Camera 2 and deblurred
using IDL.

Image courtesy Dr. Christopher Brown, John Krist,

ESA/STScl, and NASA

flaws in the data. In the atmospheric
plot, the map may reveal irregularities in
the patterns—perhaps sudden unlikely
shifts in atmospheric temperature in cer-
tain regions—due to data acquisition
errors. The user then clicks the mouse
on the flawed area of the map to make
the program switch to the data set and
corrects the data. Instantly, the map
reflects the correction.

Capable of more than data analysis
and imaging, IDL is a complete “scientif-
ic computing environment,” said Jim
Wilson, RSI director of communications.
“Before [RSI President] David Stern
came up with IDL, there wasn’t one
package people could turn to” for com-
putational work such as mathematics,
3D plotting, and image processing.
Instead, scientists had to deal with sepa-
rate software packages for functions
such as plotting or mapping. Although
other systems besides IDL have since
combined several such packages into

NASA Tech Briefs, February 1995




one, IDL remains thé only one that,
amordmg to Wilson, can run on net-
works with all kinds of hardware—UNIX,
\/MS Macintosh, PC, Convex.

Applications of IDL range from
astronomy to zoology but concentrate
mainly in those with heavy image pro-
cessing requirements, such as astro-
physics, oceanography, geology, and
meteorology. According to Wilson, two
of the largest customers are NASA's
Goddard Space Flight Center and Jet
Propulsion Laboratory (JPL). Recent
significant projects using IDL include
deblurring images transmitted from the
Hubble Space Telescope with the help
of a Convex supercomputer. In 1992,
NASA’s Dr. Sally Heap, one of IDL’s
first users, employed the software to
image the hottest star on record.
Researchers in the Cosmic Background
Explorer (COBE) and Shoemaker-Levy
comet/Jupiter impact projects have
employed IDL as have JPL scientists
mapping Venus via the Magellan
spacecraft.

“IDL saves us lots of development
time—it has a built-in user interface and
image processing tools,” said Jim
Firestone, software developer for NASA
Goddard’s SeaWIFS (Sea-viewing Wide
Field-of-view Sensor) ocean imaging
project. Using IDL, his group has written
an ocean-color program—SeaWIFS
Date anning

lo distribute through Goddard’s Distri-
buted Active Archive Center.
Researchers at Goddard and other
NASA facilities have played a pivotal role
in IDL's evolution. When Firestone’s
group needed a hierarchical data format
(HDF), which incorporates descriptions
with data, RS| added the feature to an
IDL update. RSI worked with Goddard’s

Mark Schoeberl on adding mapping fea-
tures to IDL for the Earth Observer
Satellite, and with Goddard’s Horace
Mitchell on developing a port so IDL can
operate on Convex supercomputers.
Such “synergism,” as Schoeberl
described it, between RSI and NASA has
a precedent in NASA’s and IDL’s long
history together. Straight out of schooal,

<
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MRI (magnetic resonance imaging) slices of a human brain (above) are displayed using
IDL’s slicer tool, with which users can investigate and display three-dimensional vol-
umes of data. A digital elevation model in IDL (below) of Maxwell Mountain on Venus
pictures the highest known mountain in the solar system. The data was co/lected by

NASA’s Magellan satellite.
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David Stern began working at University
of Colorado’s Laboratory for Atmo-
spheric and Space Physics (LASP) in
1969, on a project writing software to
process spectral data for NASA’s
Mariners 7 and 9. After Mariner, he con-
tinued programming for the Orbiting
Solar Observatory from 1973 to 1975.
The software grew steadily more sophis-
ticated, so that as computers changed,
the system became a language.
According to Stern, the first system did
not look like IDL but did put real spectral
data on the screen. In 1977, Stern quit
LASP to form RSI, and IDL’s first version
was ready for sale by 1979.

An application of IDL outside the phys-
ical sciences that has shown consider-
able potential is magnetic resonance
imaging (MRI) of the human body for
medical diagnostics or physiological
research. |DL’s slicer tool lets
researchers display and investigate
three-dimensional sections of internal
organs, such as the brain. To facilitate
anatomical research, RSI has made
available a digital library of 7,800 axial,
coronal, and sagittal photographic cross-
sections of a human male.

RSI offers another IDL specialty tool
for Earth scientists—the Environment for
Visualizing Images (ENVI). A program
developed by RSI and Boulder’s Better

e

A 3D rendering by IDL of two data sets
illustrates Earth surface elevation data
as well as simulated convection data of
the planet’s mantle showing the magma
flow that drives continental movement.
Photo courtesy of RS/

Solutions Consultants and written in IDL,
ENVI is designed to analyze and visualize
remote sensing data from air- or space-
borne, ground-based, or laboratory
spectral measurements. Besides tradi-
tional processing techniques such as
contrast enhancements, color transfor-
mations, vegetation indexes, and princi-
pal component analysis, ENVI has some
unique characteristics, including the abili-
ty to read data files directly off the disk
without conversion to another format.

The unlimited file capacity allows the pro-
gram to process hyperspectral data. For
processing such data, ENVI allows
importation of multiple spectral libraries
to help determine what kind of mineral or
rock is represented. One set of
researchers is using such analysis to
determine how different contaminants
appear spectrally in various soil and veg-
etation environments.

With an eye toward the future, RSI
also is looking into incorporating “end-
user callability” into IDL, Wilson said.
“What's happening in the software world
is that [scientific] applications don’t talk
to one another,” he said, resulting in a
new trend toward “piecing modules
together to produce new applications
much more quickly.” RSl is seeking to
make it possible for a user to call up any
application within IDL or an IDL applica-
tion within another program. For exam-
ple, the user may want to call up IDL’s
plotting capabilities within FORTRAN but
not the rest of the language. RSI will be
testing this callability within the next sev-
eral months.

For more information about the tech-
nology described in this article, contact:
Research Systems, Inc., 2995 Wilder-
ness Place, Suite 203, Boulder CO
80301; Tel: 303-786-9900; Fax: 303-
786-9909.

IT's NOT 1F. IT'S WHEN.

Uninterruptible power, Unbeatable
reliability, Unbelievable price!

Just don’t have the time for power problems on your PC? Don’t worry.
They’ll always make the time for you. The question is not if a power
problem will occur, but when. Whether due to household appliances,
local construction, poor wiring, bad weather or even other office
equipment, power problems are the single largest cause of data
loss. That’s why you need instantaneous battery backup
power from APC Uninterruptible Power Supplies.

Back-UPS

AllAPC UPSs feature:
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* $25,000 lifetime Equipment Protection Policy If I
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replace our product and up to $25,000 of connected |

equipment as long as you own your Back-UPS. |

I

I

|

I

|

|
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Engine development Measure casting temperatures Defects in composite materials Moisture content in paper
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Injection mold performance

FLIR SYSTEMS
POINTS OUT
YOUR DEFECTS
WITH WARMTH
AND SENSITIVITY. kst

Evaluate wax injection presses
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A variety of desktop,
JeRBUN ’)(H'MN(‘ and hand-held systems
Analyze trend data Post-processing thermal analysis to fit your needs
: F g

Our infrared (JR) imaging products detect and measure a variety of thermal
conditions through easy-to-use, non-contact infrared imaging technology.

Whats more, we have the industry’s broadest selection of IR products: \\_—‘
the 1Q Series of real-time image processing systems; the hand-held Prism infrared cameras;
Windows™“based image analysis software; and a full range of accessories. So whether you work
in R&D, process monitoring and control or non-destructive testing, let our skilled azplications

engineers help you solve your problems. Call FLIR Systems at 1-800-322-3731 for more information

: rs' or to arrange for a sample IR analysis at your site or in our laboratory.

FLIR SYSTEMS™ 16505 SW 72nd Ave., Portland, OR 97224, (503) 684-3731, Fax (503) 684-3207

Windows is a trademark of Microsoft Corporation

For More Information Write In No. 696




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 Internet, 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@gm
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@Iouie.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 Propulsion
Laboratory
Selected techno-
logical strengths:
Near/Deep-
Space Mission
Engineering;
Microspacecraft;
Space
Communications;
Information
Systems; Remote
Sensing;
Robotics.

William Spuck
(818) 354-3528
william_h_spuck@
Jjpl.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;
Flight Systems;
Materials;
Structures;
Sensors;
Measurements;
Information
Sciences.
Charlie
Blankenship
(804) 864-6005
c.p.blankenship
@Iarc.nasa.gov

Lewis Research
Center

Selected techno-
logical strengths:
Aeropropulsion;
Communications;
Energy
Technology; High
Temperature
Materials
Research.

Walter Kim

(216) 433-3742
wskim@limsO1.ler
c.nasa.gov

Marshall Space
Flight Center
Selected techno-
logical strengths:
Materials;
Manufacturing;
Nondestructive
Evaluation;
Biotechnology;
Space
Propulsion;
Controls and
Dynamics;
Structures;
Microgravity
Processing.
Harry Craft

(205) 544-5419
harry.craft@msfc.
nasa.gov

Stennis Space
Center

Selected techno-
logical strengths:
Propulsion
Systems;
Test/Monitoring;
Remote
Sensing;
Nonintrusive
Instrumentation.
Lon Miller

(6017) 688-1632
Imiller@ssc.nasa.
gov

B o o [ | | |
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

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

J. Ronald Thornton
Southern Technology
Applications Center
University of Florida
(800) 472-6785 or
(904) 462-3913

Gary Sera
Mid-Continent
Technology Transfer
Center

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

Lani S. Hummel
Mid-Atlantic Technology
Applications Center
University of Pittsburgh
(800) 472-6785 or
(412) 648-7000

Chris Coburn

Great Lakes Technology
Transfer Center
Battelle Memorial
Institute

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

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.

Dl [ | . | /|
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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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.hqg.nasa
.gov

Robert Norwood
Office of Space Access
and Technology (Code X)
(202) 358-2320
rnorwood@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.
hqg.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.
hqg.nasa.gov

Granville Paules
Office of Mission to
Planet Earth (Code Y)
(202) 358-0706
gpaules@mtpe.hq.
nasa.gov

R T
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

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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THERE'S A NUMBER OF
SOLUTIONS FOR DATA
ACQUISITI N, BUTIT
TAKES TIME TO PUT YOUR
FINGER ON THE ONE
THAT'S RIGHT FOR YOU.
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Here's the number. Have you got a few minutes?

e B WitH oVER 200 COMPATIBLE HARDWARE
il AND SOFTWARE PRODUCTS, WE CAN QUICKLY
FIND THE SOLUTION FOR YOUR APPLICATION.

We understand that it's not just money you're
investing. It's time. With more than 200 com-
pletely compatible products from easy-to-use
application software for Windows™ to the most
powerful DSP boards, our goal is to find you the
perfect solution for your application in one easy
phone call. So you never need to waste time T

searching for hardware and software that may o =
not even be compatible. Give us a call. I'll makf,,
sure you get an answer!

And because our DT-Open Layers® is the indus-
try-wide software standard, the time you invest in
development is protected too. You're always set-

—Fred Molinari, President—

“It’s easy to find the right solution.”

For example: up to suit your future needs. 1= -525. 2
Combining DT VEE Graphical 800-525-8528

Application Software for Windows™ After over 20 years in data acquisition, we know Application "
with a low-cost data acquisition the value of time. So don't just call us to find the specialists are always 1
board is the easiest way to get your most accurate, reliable data acquisition products available to answer =
application up and running in your budget, call us for some hard-core invest- your questions. =
ment advice. And remember, the first tip’s
already at your fingers.
DATATRANSLATION
1; Finland (0) 3511800
5; Mexico 575-6091

den 08-731 02 80 land (1) 908-1360

0/93; Spain (1) 555-8112; Swe

00; South Africa

For More Information Write In No. 518




New Product Ideas

New Product Ideas are just a
few of the many innovations
described in this issue of NASA
Tech Briefs and having
promising commercial
applications. Each is discussed
in further on the referenced

Instruments Sniff
Organic Surface
Contaminants

Portable instruments are being devel-
oped to detect both nonvolatile and
volatile surface contaminants. These
instruments will be easy to use and will
eliminate the need for messy liquid sol-
vents, witness plates, and cutting of
specimens from the surfaces to be
inspected.

(See page 51.)

Rechargeable Magnesium
Power Cells

These cells present a safer alternative to
high-energy-density cells that use fithium
or sodium anodes. The latter are vulnera-
ble to catastrophic failures that release hot
toxic fumes and can cause fires.

(See page 38.)

page in the appropriate

receive further technical

Intercalated-Graphite-Fiber

Composites

Composite materials that contain 50
percent bromine-intercalated graphite
fibers have promising properties. A four-
fold increase in conductivity opens up
potential applications in electrical
grounding planes and in shields against
electromagnetic interference.
(See page 59.)

Polyimides Made From
3,5-Diaminobenzotrifluoride

Compared with other polyimides,
these fluorinated polyimides have greater
solubility in polar solvents, less color, and
lower dielectric constants. Potential
applications are in aerospace and elec-
tronic industries as free-standing films,
coatings, and moldings.

(See page 56.)

section in this issue. If you
are interested in developing a
product from these or other
NASA innovations, you can

information by requesting

the TSP referenced at the
end of the full-length article
or by writing the Commercial
Technology Office of the
sponsoring NASA center
(see page 20).

Wireless Headset
Communication System

A new system consists of a base station,
four radio/antenna modules, and as many
as 16 remote units with headsets. Digital
modulation is used on a spread spectrum
to avoid interference among the units.
(See page 44.)

Power MOSFETs Formed
in Silicon Carbide

The advantages over conventional
MOSFETs include lower “on”-state resis-
tance at the same rated voltages, oper-
ating temperatures as high as 650 °C,
and higher thermal conductivity. Holding
promise to be more resistant to ionizing
radiation, these MOSFETs may offer
advantages in switching applications in
nuclear facilities.

(See page 30.)
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Special Focus:
Test Tools

€ Digital Control System for Wind-Tunnel Model
Multiple functions are performed by multiple coordinated processors for real-time control.
Langley Research Center, Hampton, Virginia

A multiple input, multiple-output, multi-
ple-function digital control system has
been developed for a wind-tunnel model
of an advanced fighter airplane with
actively controlled flexible wings. This
control system interacts with sensors and
actuators in the model, implementing
a feedback control scheme that provides
simultaneously for suppression of flutter,
control of roll angle, roll-rate tracking
during maximized roll maneuvers, and
alleviation of loads during roll maneuvers.

The major subsystem of the digital
control system is indicated by the box
labeled “Digital Controller” in the figure.
The digital controller includes a host
computer (central processing unit) that
serves as an interface with the user. The
host computer is linked to several spe-
cial-purpose processors via a data bus.
One of the special-purpose processors
is the real-time controller, which is an
integer-arithmetic processor that oper-
ates at regulated speeds up to 200 Hz

(in terms of time from sensor input to
actuator-command output). This special-
purpose processor synchronizes the
operation of the other special-purpose
processors and provides the user inter-
face between the host computer and the
real-time system. It also coordinates the
acquisition, transfer, and storage of data
for real-time operation and for analysis of
performance and estimation of parame-
ters of the dynamics of the model and
control system in nearly real time. The
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The Digital Control System provides flexibility in selection of control laws, sensors, and actuators, plus some redundancy to accommo-

date failures in some of its subsystems.
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main reason for using the real-time
controller (rather than the host computer)
to synchronize and coordinate is that
the host computer is too slow to effect
real-time control: the operating-system
software limits the speed of the host
computer to about 60 Hz.

One of the other special-purpose
processors is a floating-point digital
signal processor containing two micro-
processors that perform all the control-
law computations. A third special
processor is an array processor that
performs floating-point calculations of
flutter-suppression control laws in case
the floating-point digital signal processor

fails. The controller also includes circuits
that perform all the necessary conver-
sions between the digital forms of signals
in the controller and the analog forms of
signals in the sensors and actuators in
the model. A second computer similar to
the host computer is used to analyze the
performance of the system in nearly real
time and to estimate the parameters of
the open- and closed loop dynamics of
the model and control system.

The design of the system provides
flexibility in (1) the number, form, and
functionality of control laws and (2) the
selection of sensors and actuators used.
In a demonstration, the system proved

successful in suppressing flutter during
various roll maneuvers. In particular, it
provided active suppression of flutter
in maneuvers that involved dynamic
pressures up to 25 percent above the
maximum allowable in open-loop con-
trol, both in cases in which the model
was free to roll and in cases in which it
was not free to roll.

This work was done by Sherwood T.
Hoadley of Langley Research Center
and Sandra McGraw of Lockheed
Engineering & Sciences Co. For further
information, write in 286 on the TSP
Request Card.

LAR-14778

2 Phase-Locked Loop for Measurement of
Small and Large Delays

Phase shifts from 0° to >360° can be measured to within 0.112°.
Langley Research Center, Hampton, Virginia

An electronic signal-generating and
processing subsystem of an ultrasonic
inspection or measurement system
consists mainly of a variable-and-fixed-
frequency, pulsed phase-locked loop
(VFFPPLL) that measures phase shifts
from 0° to more than 360° with an
accuracy of 0.112°. The VFFPPLL sends
a toneburst to an ultrasonic transducer,
which transmits the toneburst as a pulse
of ultrasound into a specimen or acoustic-
coupling medium. When the toneburst
ends, the VFFPPLL and transducer go
into a receiving mode: the echoes of the
toneburst are received by the transducer,
then amplified, then either (1) sampled
directly or (2) mixed with a reference signal,
then filtered, then sampled. The phase
shift is then computed by comparing the
phase of the sampled echo signal with
that of the original toneburst. This phase
shift is @ measure of the ultrasonic-signal-
propagation delay; it can be used, for
example, to determine strain in a bolt or to
track an irregular surface of a specimen
that is being inspected ultrasonically.

The VFFPPLL (see figure) includes a
personal computer that performs the
control and digital signal-processing
functions. Two numerically controlled
oscillators (NCO1 and NCO2) driven by a
common 50-MHz master clock generate
tones at a common fixed or variable
frequency ordered by the computer. The
signal from NCO1 is the clock signal that
governs sampling of the echo signal in
the receivers; the signal from NCO2 is
the tone that is gated to generate the
toneburst in the transmitter. NCO1 and
NCO2 operate at independently pro-
grammable phases.
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Each box labeled “counters” in the
figure denotes a 15-bit independently
programmable divide-by-N counter and
an 8-bit independently programmable
downcounter triggered by the divide-
by-N counter. The difference between
the echo-signal-sampling time and the
time of transmission of the toneburst is
governed by the relative phases of the
NCO1 and NCO2 signals that drive the
divide-by-N counters, and equals the
relative delay between the output puls-
es of the two pairs of counters. Acting
via the 8-bit downcounters, the com-
puter controls the durations of these
pulses, thereby controlling the dura-
tions of the transmitted toneburst and
the receiving pulse.

The receiving pulse can be used to
drive a sample-and-hold circuit or to gate
the input to an analog correlator. The out-
put of the sample-and-hold circuit or
analog correlator is fed to an analog-to-
digital converter (ADC). The computer is

programmed to accomplish phase lock
by varying the frequency of the tone or
the relative phases of the NCOs in such
a way as to force the output of the ADC
to zero. When phase lock is reached, the
measured delay equals the difference
between the phases (or the sum of incre-
mental relative phase advances) of the
NCOs divided by the angular frequency
of the tone. The computer enables the
use of sophisticated signal-processing
and signal-recognition methods that
enhance (in comparison with completely
analog circuitry) the ability to find and
hold phase lock.

This work was done by Mark Froggatt
of Langley Research Center. For fur-
ther information, write in 288 on the
TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Langley Research Center [see page 20].
Refer to LAR-14840.
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The VFFPPLL Measures the Phase Shifts between a transmitted ultrasonic toneburst and its
echo, thereby measuring the ultrasonic-propagation delay.
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The primary advantage is greater sensitivity.
John F. Kennedy Space Center, Florida

Improved portable ultrasonic leak-
detecting instruments have been designed
to overcome some of the limitations of
commercial instruments of this type. In the
original application that motivated this
development, a combination of high back-
ground noise in the testing environment
and low sensitivity of the commercial leak
detectors resulted in a tedious leak-
detection process and marginal leak-
detection performance. As compared with
the commercial instruments, the improved
leak detectors perform significantly better
and are smaller and more rugged.

Ultrasonic leak detectors respond to jet-
like leaks (leaks in which the flows are not
laminar). The turbulence in a jetiike leak is
accompanied by variations of pressure in
the ultrasonic frequency range. Thus, an
ultrasonic receiver with enough sensitivity
and enough discrimination against back-
ground noise can be used to detect a small
jetlike leak from a convenient distance.

The new instrument (see figure)
includes an electronic module that
processes the sig-nal received from an
ultrasonic-transducer module and feeds
output to a set of headphones and/or to a
multimeter. The ultrasonic-transducer
module is connected to the electronic
module via a cable that can be unplugged
to connect another such module. Each
ultrasonic-transducer module contains a
commercial ultrasonic transducer of 40-
kHz center frequency; this transducer fea-
tures slightly more sensitivity and about
half the noise of another 40-kHz commer-
cial ultrasonic transducer that had been
used in the commercial ultrasonic leak-
detecting instrument that was replaced
by the present instrument. The output of
the ultrasonic transducer is preamplifi-
ed before being transmitted through
the cable to the electronic module.

Three interchangeable ultrasonic-
transducer modules are supplied with
each instrument. One of these modules
is equipped with an ultrasound-collecting

@ Improved Portable Ultrasonic Leak Detectors

Multimeter

Electronic Module

Contact Transducer
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Portable Ultrasonic
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Transducer Modules

horn for use in scanning to detect leaks
from a distance; the horn provides a
directional sensitivity pattern with sensi-
tivity multiplied by a factor of about 6 in
the forward direction. Another module is
similar except that it does not include the
horn; this module is used for scanning
close to a suspected leak, where the
proximity of the leak more than offsets
the loss of sensitivity occasioned by the
lack of the horn. The third module is
designed to be pressed against the leak-
ing vessel; this module includes a rugged
stainless-steel shell.

In the electronic module, the preamplified
output of the ultrasonic transducer is buf-
fered, amplified further, then mixed with a
36-kHz signal from a local oscillator to shift
the received ultrasonic signal to an audible
frequency. The output of the mixer is low-
pass filttered and amplified, yielding an audio
signal containing frequencies of 2 to 6 kHz.
The audio signal is sent to two optional out-
put branches: in one branch, it is ampilifi-
ed for the headphones; in the other branch,
it is amplified and half-wave rectified to
provide a dc signal, proportional to the
measured ultrasound, for the multimeter.

In practice, reading the multimeter
appears to provide a slightly more sensitive
indication of ultrasound than does listening
via the headphones. The instrument is pow-
ered by two 9V batteries, which are con-
tained in the electronic module. Tests have
shown that the instrument can operate
continually for more than 24 h on a pair of
batteries. The estimated cost of a mass-
produced commercial version of the
improved ultrasonic leak detector with the
horn transducer module should be less than
$500 (based on prices of components in
1994). In contrast, the commercial ultrason-
ic leak detector that was replaced by this
instrument costs more than $3,500.

This work was done by Robert C.
Youngquist, John S. Moerk, Wiliam D.
Haskell, Robert B. Cox, Jimmy D. Polk,
James P Strobel, and Frank Luaces of
I-NET for Kennedy Space Center. For fur-
ther information, write in 25 on the TSP
Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to the Patent Counsel, Kennedy
Space Center [see page 20]. Refer to KSC-
11751.

Apparatus Measures Permeation of Gases Through Coupons
Permeability can be measured at a wide range of temperatures and pressures.
Lyndon B. Johnson Space Center, Houston, Texas

The apparatus shown schematically in
the figure measures the permeation of any
of a variety of commercially available pure
or mixed gases through polymeric or
other material coupons of various thick-
nesses at pressures ranging from 1 to

NASA Tech Briefs, February 1995

1,000 psia (about 7 kPa to 7 MPa) and
temperatures ranging from -195 to
+150 °C. The apparatus includes a resid-
ual-gas-analyzer (RGA) sensor head (a
quadrupole mass spectrometer) and
associated circuitry, and a vacuum sys-

tem. The apparatus also includes a mani-
fold with valves, through which the gas of
interest can be allowed to permeate
through the test coupon before traveling
downstream to the evacuated RGA sensor
head. The temperature of the test coupon
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This Laboratory Apparatus Measures Permeation of Gases through test coupons, provid-
ing data that are relatively precise and reproducible in comparison with permeability data
obtained by older manometric and volumetric apparatuses.

is monitored by a thermocouple and can
be maintained at a specified value above
ambient by use of an electrical heating
mantle or below ambient by use of a bath
of ethylene glycol, water, and dry ice.

In a test, coupons are exposed contin-
uously to the high vacuum on the down-
stream side and pressurized with the test
gas on the upstream side. Standardized
calibrated leaks containing the test gas
are located on the downstream side. The

gas that permeates through a given test
coupon or calibrated leak is detected by
the RGA sensor head, and the amount of
each constituent molecular species in
the gas is read directly on the digital
readout of the RGA, which monitors
atomic mass units from 1 to 200 on six
separate channels and gives area counts
for each atomic mass unit selected. This
feature enables the monitoring of as
many as six separate gases simul-

taneously, plus observation of any
changes in the quantities of gases as
they pass by the sensor head.

At the beginning of a test, a back-
ground reading (RB) for the test gas is
taken first on the closed vacuum system
(no permeation, no calibrated leak). The
valve leading to the test coupon is then
opened, and the test gas at the desired
pressure is applied to the coupon until
equilibrium is established (typically,
reaching equilibrium takes from 2 hours
to 2 days, depending on the gas used).
Once equilibrium is established, a read-
ing (RE) of the amount of gas permeating
through the coupon is taken. The valve
to the test coupon is then closed, the
valve to a calibrated leak is opened, and
after an hour, an equilibrium reading (RL)
that corresponds to the calibrated rate of
leakage (L) is taken.

The rate of permeation (P) can then be
calculated from

p- (M]L
R.-Rg

Then a permeation-rate constant (Kp)
can be calculated from the rate of per-
meation, the thickness (T), the test pres-
sure (C), and area (A) of the test coupon
by Kp = PT / CA.

This work was done by Steven J.
Adam, Jim T. Morrow;, and Carey E. David
of McDonnell Douglas Corp. for Johnson
Space Center. For further information,
write in 191 on the TSP Request Card.
MSC-22051

@ Phase-Insensitive Ultrasonic Testing System
This system reveals disbonds at rough interfaces.
Langley Research Center, Hampton, Virginia

An ultrasonic testing system is being
developed for use in revealing hidden
disbonds at rough, inaccessible inter-
faces between layers of material. A rough
surface or surfaces can introduce arti-
facts of two types into reflected ultrason-
ic signals. One type comprises severe
artifacts of phase cancellation at the face
of a typical phase-sensitive transducer
used in conventional ultrasonics. The
other type comprises artifacts caused by
reflection of part or all of an ultrasonic
beam away from a transducer. These
artifacts can impair the detection of
defects at interfaces. If an interface
between two layers is rough and uneven,
then it is difficult to detect disbonds
between the layers by use of the
pulse/echo technique.

If the excursions of a surface from flat-
ness are of the order of a quarter of an

28

ultrasonic wavelength or larger over later-
al dimensions of the order of the width of
the ultrasonic beam, then the ultrasonic
signal can be severely compromised.
Such is the case for the configuration of
the bondline inhibitor, liner, and fuel at the
ends of the segments of the solid rocket
motor of the space shuttle. Here, the
liner-to-fuel bondline is very rough with
respect to the ultrasonic wavelength. The
development of the present ultrasonic
system and the phase-insensitive-array
technique on which it is based was moti-
vated by the need to detect disbonds
under conditions like these.

The system includes an array of small
(maximum dimension about a wavelength
or less) piezoelectric transducers, the
receiving outputs of which are electronical-
ly processed individually and combined in
such a way as to make the system phase-

insensitive, thereby overcoming the limita-
tions imposed by the phase-sensitivity of
conventional ultrasonic transducers. An
array is technically feasible and offers the
further advantage that the signals applied
to elements of the array during transmision
can be phase-controlled to focus the
transmitted acoustic energy. A simple way
to suppress the reflection-type artifacts is
to use a receiving transducer that has a
large area: by subtending a larger angle
with respect to the apparent source of the
signal in question, the receiving trans-
ducer receives more incident energy.
Thus, artifacts of both types could be
suppressed by a phase-insensitive array
of piezoelectric transducers that sub-
tends a large angle. The array could then
be used in a pulse mode like that of a
conventional pulse/echo transducer dur-
ing transmission, but during reception it

NASA Tech Briefs, February 1995




would be phase-insensitive and less sen-
sitive to reflection-type artifacts.

To demonstrate this ultrasonic-testing
concept, a prototype apparatus was
constructed, using a standard ultrasonic
transducer as a transmitter and a small,
pointlike piezoelectric transducer as a
receiver. The receiver was translated, in
steps of 0.5 cm, to each of 49 locations
of a 7-by-7 array on the surface of a
specimen to simulate the operation of a
7-by-7 transducer array. The signals
reflected from the rough interface were
received, detected, recorded, and sub-
sequently added in a phase-insensitive
manner. The results were then compared
with those obtained by use of a conven-
tional pulse/echo system.

The figure illustrates the prototype
apparatus. The transmitter was a 1-MHz
transducer with a diameter of 1 in. (2.54
cm) and a focal length of about 4 in.
(about 10 cm). (This transducer was also
used in the comparative pulse/echo
scan.) The receiver was a 1-MHz planar
transducer with a diameter of 0.031 in.
(about 0.08 cm). The transmitter was dri-
ven by a square-wave pulser, which was
tuned to provide relatively sharp pulses
measured at the receiver.

The signal was tuned with respect to
the echo from the inhibitor-to-liner inter-
face to account for severe attenuation in
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the thick inhibitor layer. Because the thick-
ness of the inhibitor remained very nearly
uniform across the ultrasonic beam, the
roughness of the inhibitor did not pose a
significant problem, and made it conve-
nient to tune in this way. The transmitter
and receiver were set at opposing angles
of about 15° from normal and operated in
a pitch/catch mode: in this configuration,
the echoes could be detected in a manner
similar to that of a pulse/echo system.
That part of the received signal that
emanated from the liner-to-propellant

bondline was gated out, and the heights
of signal peaks were measured. Com-
parison of the results showed that the
conventional (pulse/echo) system was
sensitive to only 42 percent of disbonds,
while the prototype (phase-insensitive
array) system was sensitive to 79
percent of disbonds.

This work was done by Eric |. Madaras
of Langley Research Center. for fur-
ther information, write in 213 on the
TSP Request Card.

LAR-13980
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Electronic Components
and Circuits

Power MOSFETs Formed in Silicon Carbide

These devices could offer significant advantages over silicon-based devices.
Lewis Research Center, Cleveland, Ohio

High-performance power metal/
oxide/semiconductor field-effect tran-
sistors (MOSFETs) have been fabricat-
ed in silicon carbide. These devices
offer potential advantages over silicon-
based MOSFETs, including lower “on”-
state resistances at the same rated
voltages, the ability to operate at high-
er temperatures (as high as 650 °C for
some demonstration units), and higher
thermal conductivity (with consequent
ability to dissipate more power). SiC
devices may also prove to be more

resistant to damage by ionizing radia-
tion — an advantage for switching
applications in nuclear facilities.

The top part of Figure 1 illustrates
the configuration of a vertically-orient-
ed high-power SiC-based MOSFET
with a UMOS structure made by use of
trench-etching techniques and epitaxi-
al growth to define the channel region.
In the case of this n-channel device, an
n* substrate is used for the drain
contact. An n~ epitaxial layer of thick-
ness and doping level required for the
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intended drain voltage of the FET is
grown on the substrate. This n~ layer
acts as the drain-drift region of
the device.

A p-doped epitaxial layer is then
grown, with a doping level and thick-
ness chosen to prevent full depletion of
the p layer when the intended drain
voltage is applied to the p*/n~ junction.
The source wells can be formed either
by implantation of n* ions into the p
layer or by growing an n* epilayer on
top of the p layer. In the latter case, it
would be preferable to etch all the way
through the central part of the n* layer
so that the p layer makes contact with
the source contact, as shown in the
lower part of Figure 1. By thus short-
circuiting the source and the p-doped
channel layer together, one mutes the
parasitic n/p/n bipolar transistor that is
inherent in the structure.

The gate is formed by subsequently
etching a trench through the n* well, p
layer, and into the n~ drain-drift region.
The gate oxide is then formed on the
sides and bottom of the trench, and the
gate contact is patterned onto the gate
oxide. Thus, the inversion layer forms
under the oxide on the side walls of the
trench, between the n* source and the
n~ drain, when a positive potential is
applied o the gate contact. The etched
sides of the trench can be sloped as in
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Figure 1. Power MOSFETs Can Be Formed in SiC in several alternative configurations.

These are n-channel configurations.
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Figure 2. These Curves Show the
Electrical Characteristics of a 150-V 4h-
SiC vertical UMOS MOSFET. The area of
this MOSFET is 6.7 x 1074 cm?.
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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. Al rights reserved. Ashlar and Vellum are registered trademarks and the Ashlar logo and Drafting Assistant are trademarks of Ashlar Incorporated.

S tory s
- exemplified by
 this sneak peek
Siat auequ:: latest
dcsxgm 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 you two, or even three times
more productive than any other CAD package.”

If you’re like Burt Rutan, you'll find yourself using Vellum from
conceptual design right through finished drawings. Best of all,
you'll never give the drafting board, or another CAD 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 N ASHLAR

Ashlar Incorporated
1290 Oakmead Parkway
Sunnyvale, CA 94086

Enr Maore Infarmation Weite In No. B40



MATLAB simplifies analysis and algorithm
development with integrated modeling, design, and
visualization tools. This spectrogram shows how a
speech signal varies with time and frequency.

MATLAB brin

your work into focus,
no matter where
you're looking.

This blurred image of Jupiter (left side), produced by the Hubble Space Telescope before its repair, was corrected
with the MATLAB Image Processing Toolbox and MATLAB's numeric processing power using an iterative
restoration technique (right side). Data courtesy of Dr. S. ]. Reeves, Aubum University.
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hatever task you're facing,
MATLAB can amplify your efforts.
It's a complete, extensible technical
computing environment for computa-
tion and visualization that draws
upon toolboxes to address your
specialized needs.
An environment for
technical computing

The MATLAB environment pro-
vides built-in math and visualiza-
tion functions to solve your most
important technical problems.

Its matrix-oriented language is
designed for large-scale computa-
tion and data analysis, allowing
you to manage computing
challenges in a fraction of the

time it takes with Fortran or C.

With an extensive function set,
application-specific toolboxes,
and an intuitive language,
MATLAB is the natural environ-
ment for solving problems and
expressing technical concepts.
High-performance
mathematical computation
MATLAB puts over 500 math,
scientific, and engineering func-
tions at your fingertips, delivering
high-performance numeric

firepower to your desktop.

With MATLAB, you can crunch
huge data sets and perform com-
plex numeric and symbolic com-
putations, quickly and accurately.
Revealing grapbics

to sharpen your insight

MATLAB's interactive 2-D and
3-D visualization tools have no
equal, because they're tightly
coupled to the math functions.
You can freely analyze, transform,
and visualize your data — in a

single, integrated process.




11LAB

An open system for
application development

With MATLAB'’s open approach,
you can tailor any feature to your
needs. You can inspect source
code and algorithms, change exist-

ing functions, or add your own.

MATLAB fits into your current
computing environment. You can
dynamically link MATLAB with
your C or Fortran programs,
exchange data with other applica-
tions, or embed MATLAB as an

analysis and visualization engine.

Powerful GUI tools let you create
interactive displays, prototype mod-
ules, and build entire applications.
Leading-edge toolboxes

let you choose your approach
The MATLAB Toolboxes, written
by world-class experts, provide
comprehensive functionality for
specialized applications in

engineering and science.

They're written in MATLAB's
high-level language, so it's easy to
examine any function or even add
your own, In combination, they
give you an integrated set of tools

to speed your development and

optimize your designs.

The Nonlinear Control Design Toolbox automates
control design. From a poorly tuned initial
response (rear), it automatically optimizes con-
troller parameters in a series of steps.

Image Processing Toolbox
with floating-point power
With the Image Processing
Toolbox, you can treat image data
both visually and numerically. It
gives you the resources you need
to view, analyze, and manipulate
images and 2-D signals.
Techniques include image
enhancement, restoration,

filtering, and statistical analysis.

Sum Squared Error

Weight

Control system

engineering toolboxes
MATLAB and SIMULINK®
provide the most comprehensive
environment for analyzing,
designing, simulating, and

implementing control systems.

SIMULINK allows you to model
the behavior of complex nonlinear
systems and interactively monitor
simulation results using block
diagrams. Real-Time Workshop™
adds code generation and a
development environment to

rapidly implement and test

MATLAB graphics enbance understanding of system bebavior. This neural network plot compares training
rates for backpropagation (white, 108 steps) and the fast Levenberg-Marquardt algorithm (blue, 5 steps).

Signal processing toolboxes
for design and development

MATLAB's family of signal
processing toolboxes gives you
the unrivaled ability to filter,

model, analyze, and view signals.

Toolboxes for spectral analysis,
parametric modeling, DSP
system design and algorithm
development, and time-series
analysis include:

» Signal Processing

* Higher-Order Spectral Analysis
* System Identification

* Frequency Domain System ID

For More Information Write in No. 536

designs on the real-time hardware
of your choice. The control family

of toolboxes includes:

* Control System Design

* Nonlinear Control Design

* Robust Control Design

* 1i-Analysis and Synthesis

* Model Predictive Control

o System Identification
Interdisciplinary toolboxes
extend your focus

* Neural Networks

o Symbolic Math (with Maple V)
* Statistics

* Optimization

o Splines

MATLAB and SIMULINK are regi

New for MATLAB

Real-Time Workshop
* Generates C code from
SIMULINK block diagrams

o Targets code to virtually any
floating-point processor

* Runs on dSPACE DSP boards,
VME under VxWorks, and PCs

Nonlinear Control Design

o Automatically tunes control
systems

* Specify performance
parameters graphically

* Apply nonlinear simulation
and optimization methods

* Built on SIMULINK block
diagram paradigm

Image Processing Toolbox

o Advanced 2-D filter design,
restoration, and enbancement

* Block processing and nonlinear
filtering

* Image analysis and transforms

* Color, geometric, and
morphological operations

MATLAB Notebook Suite
for Windows

» Create live technical documents

* Embed MATLAB graphics for
publication

The Ultimate Technical
Computing Environment™

To receive technical information
about how MATLAB can acceler-
ate your pace of discovery and
development, return the reply

card today, or call:

508/653-1415

The

MATH
WORKS
M

24 Prime Park Way/ Nafick, MA 01760
Tel: 508/653-1415 Fax: 508/653-6284
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the figure, or vertical. Initial results have
been achieved with these structures.
The current-voltage characteristics of a
small area SiC-UMOS MOSFET are
shown in Figure 2. This device blocked
150 V and could achieve a drain current
of 67 mA (100 A/cm?) at a drain voltage
of 3.3 V; This corresponds to a specific
on-resistance of 33 mW-cm?.

This work was done by John W.
Palmour of Cree Research, Inc., for
Lewis Research Center. for further
information, write in 273 on the TSP
Request Card.

Title to this invention, covered by U.S.
Patent No. 5,264,713 has been waived
under the provisions of the National
Aeronautics and Space Act {42 U.S.C.

2457 (f)}. Inquiries concerning licenses
for its commercial development should
be addressed to

Cree Research, Inc.

2810 Meridian Parkway

Durham, NC 27713

Refer to LEW-15350, volume and
number of this NASA Tech Briefs issue,
and the page number.

Flexible Multiplexed Surface Temperature Sensor
Multiplexing enables rapid scanning of temperatures on aerodynamic surfaces.
Langley Research Center, Hampton, Virginia

The figure illustrates a surface tem-
perature sensor or, more precisely, a
unitary array of sensors that measure
temperatures at points distributed over
a designated area on a surface. The
array should prove useful in measuring
the surface temperatures of aerody-
namic models and thermally controlled
objects. The measurement of surface
temperatures is important for designers
and researchers. Heretofore, most
approaches to the measurement of
surface temperatures have involved the
attachment of many single sensors to
the surfaces of interest. The unitary
array of sensors represents a novel
approach.

The unitary array measures 1 by 4 in.
(about 2.5 by 10 cm). It is made of a
combination of integrated-circuit
microchips and film circuitry. The cir-
cuitry consists of gold conductors
etched on flexible polyimide film 0.002
in. (=0.05 mm) thick. Eight AD590 tem-
perature-sensing  integrated-circuit
microchips are mounted on the film:
Eight sensor channels were selected
to demonstrate the concept, but in
principle, larger arrays (128, 512, or
more temperature-sensing chips)
could be constructed. The tempera-
ture-sensing chips can be scanned
(that is to say, polled) at speeds
approaching 10 kHz by use of a
CD4051B analog multiplexing chip.
The operating range of the sensor is
—40 °C to 120 °C with a digital output
that varies linearly with temperature at
a rate of 1 yA/°C.

The flexibility of the array enables
it to conform to curved surfaces.
The multiplexer eliminates the need
for numerous monitoring cables.
Control of the acquisition and record-
ing of data is effected by connecting
the array to microcomputers via suit-
able interface circuitry.

This work was done by Kamran
Daryabeigi and L. A. Dillon-Townes of
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measure surface temperatures.

Langley Research Center and Preston
B. Johnson and Robert L. Ash of Old
Dominion University. For further infor-

The Prototype Array of Eight Sensors with a multiplexer is installed on a test airfoil to

g
55 L SREE TR, &

mation, write in 24 on the TSP
Request Card.

LAR-14003
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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

et ahuk antrt=l || Ld i

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

Tooling Resins and
Elastomers

Liquid, two-
component,
CONATHANE
room or elevated
temperature cur- §
ing elastomers
and CONAP
elastoplastics,
ranging in hard-
ness from 40
Shore A to 80
Shore D.

These systems are typically used for
casting abrasion-resistant parts, checking
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

One and two com-
ponent epoxy
adhesives, two
component
polyurethane and
epoxy adhesive/
sealants and
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-
dustry, for military
and commercial
applications.

Several CONAP
coatings meet the
requirements of
military specifica-
tions.

These include:
polyurethanes,
acrylics and
silicones. We take pride in being one of
the first formulators to receive UL-
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.

CONAP Research
Provides Answers

Challenged by our customers daily with
problems in polymer science, CONAP’s
skilled and imaginative R&D team responds.
We continually create materials matched to
meet your most difficult product performance
specifications.

CONAP has more than 30 years experience
as an innovative problem solver. We employ
the latest technology to help our people

provide you with fast and accurate answers.

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
them efficiently, effectively and economically.

We are fully equipped to manufacture low
viscosity, high viscosity and thixotropic
material systems, requiring simple blending,
high shear mixing or high temperature
reactions.

CALL OR WRITE FOR A
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




Measuring Work Functions of “Dirty” Surfaces With a
Vibrating Capacitive Probe

Variations in work functions are associated with variations in microstructure and with contamination.

Langley Research Center, Hampton, Virginia

An apparatus measures the work
function (f) of the possibly contaminated
surface of a specimen of metal or other
electrically conductive material. The
apparatus is designed for use in con-
junction with improved photoelectric
and other techniques for measuring sur-
face contamination; heretofore, the
interpretation of photoelectric measure-
ments has been complicated by the fact
that both the intensity of photoemission
of electrons (which is affected by f) and
f itself can vary, not only with surface
contamination, but also with the
microstructure of the material to be
inspected.

The apparatus, which is an applica-
tion of the “Kelvin Probe” concept, mea-
sures the work function of the specimen
in terms of the contact potential
between (the difference betwesn the
work functions of) the specimen and a
flat-plate probe that is made of a metal
of known work function and is known to
be clean. Despite the name “contact
potential,” the probe is not placed in
direct contact with the specimen.
Instead, the contact potential is mea-
sured with the associated circuitry
shown in Figure 1.

The specimen is placed on a copper-
clad surface that is mounted on an elec-
trically insulating platform and main-
tained at a controllable dc bias voltage.
The probe is positioned near and paral-
lel to the surface of the specimen (see
figure) and is vibrated, at a frequency of
about 100 Hz, by use of a modified
loudspeaker. The vibration gives rise to
an oscillation between the flat-plate
probe and the specimen, thereby gener-
ating an alternating voltage proportional

Synchronizing Signal From Oscillator

Oscillator and
Loudspeaker Coaxial

Cable

Vibrating Plate
(Sensing Electrode)

Lock-In Amplifier

&
Summing
Amplifier

Surface
Copper-Clad
Under Tes\ Plate
] [ Specimen = —i—
7. ~]<—Insulator
Thofis V\V—
50K 50K &
—— AAA g IAAA
50K Integrator
Offset Voltage O =
Output
Voltage

dc Source (Optional)

This Apparatus Measures the Work Function of the specimen indirectly, by vibrating
capacitive measurement of contact potential. The work function of the specimen is affected

by microstructure and by contamination.

to V, which equals the specimen/probe
contact potential plus or minus, various-
ly, the known bias voltage and the
known contact potentials of intervening
circuitry. This alternating voltage is
buffered by a high-input-impedance
operational amplifier and sent to a lock-
in amplifier synchronized with the signal
that drives the loudspeaker.

The output of the lock-in amplifier is
proportional to V. This output is fed to
an integrator, the output of which is fed
to one of the two input terminals of a
summing amplifier to control the bias
applied to the specimen. When the bias
is such that V is zero, the output of the

lock-in amplifier is zero and the output
of the integrator stabilizes. At that
point, the applied voltage is a measure
of the contact potential between the
specimen and the flat plate probe. An
offset voltage can be fed to the other
input terminal of the summing amplifier
to test the circuit.

This work was done by William T. Yost
of Langley Research Center. No fur-
ther documentation is available.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Langley Research Center [see page 20).
Refer to LAR-14671.

Rechargeable Magnesium Power Cells

A moderate reduction in energy density would buy an increase in safety.
Lyndon B. Johnson Space Center, Houston, Texas

Rechargeable power cells based on
magnesium anodes are being devel-
oped as safer alternatives to high-ener-
gy-density cells like those based on lithi-
um and sodium anodes. Partly because
of the low melting temperatures of lithi-
um and sodium (179 °C and 98 °C,
respectively) and partly because of the
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peculiarities of their electrochemistries,
lithium- and sodium-based cells are
both highly susceptible to catastrophic
failures that release hot, toxic fumes and
can cause fires.

Although the energy densities of mag-
nesium cells are likely to be somewhat
smaller than those of lithium cells, mag-

nesium offers important advantages: the
melting temperature of magnesium is
higher (651 °C), and magnesium com-
pounds tend to exhibit low toxicity. Thus
at the cost of some reduction in energy
density, magnesium-based cells would
be safer in that they would be much less
susceptible to catastrophic meltdown

NASA Tech Briefs, February 1995




followed by flames and venting of toxic
fumes. Other advantages of magnesium
include ease of handling, machining, and
disposal, and relatively low cost of about
$4.50/kg (1992 prices).

Magnesium cells containing an aque-
ous electrolyte have been used in military
applications, but they are not recharge-
able because of side reactions between
the anodes and the electrolyte. Research
on the feasibility of rechargeable magne-
sium cells has focused on two principal
questions: (1) How do magnesium
anodes behave in charge/discharge
cycles in nonaqueous electrolytes? and
(2) Are there high-voltage transition-
metal oxide cathode materials into which
Mg2+ can be inserted (similarly to
the reversible insertion of Lit in CoO,
and NiO,)? The search has led to a pro-
totype cell (see figure) composed of
the following:

e An anode of magnesiated graphite

Mg(CIO,), dissolved in a mixture of

equal volumes of propylene carbonate

(PC), ethylene carbonate (EC), and

dimethyl carbonate (DMC);

e A ruthenium oxide cathode, which
can participate in the 4-electron redox
reaction 2 Mg + RuO, “Mg,RuO,.

The estimated practical energy density of
a cell of this type constructed with typical
hardware is 100 to 115 Wh/kg, which
exceeds that of a typical nickel/cadmium
cell (45 Wh/kg) or a nickel/metal hydride
cell (75 Wh/kg). Preliminary experiments
at 10 to 15 percent depth of discharge
showed that cells of this type could be
charged and discharged hundreds of
times, albeit with some loss of capacity
during the early cycles.

This work was done by Victor R. Koch,
Chenniah Nanjundiah, and Michael
Orsini of Covalent Associates, Inc., for
Johnson Space Center. For further
information, write in 23 on the TSP

(Mg, Cy0); Request Card.
e An electrolyte consisting of 1 M MSC-22293
NN~

[

Mg, C,, Anode

Electrolyte: 1 M Mg(CIO,), in @
/ PC:EC:DMC(1:1:1)

- Mgz"' ———T__-(
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The Prototype Rechargeable Magnesium Cell operates according to a “rocking-chair” prin-
ciple: Mg2* ions from the electrolyte become alternately intercalated into the graphite anode
(during charge) or the ruthenium oxide anode (during discharge).

Layout of Antennas and Cables

in a Large Array

Total land area and the total length of cables are minimized.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A layout has been devised to minimize
the total land area occupied by a large
phased array of antennas and to mini-
mize the total length of cables in the
array. In the original intended applica-
tion, the array would be an expanded

NASA Tech Briefs, February 1995

version of the array of paraboloidal-dish
microwave communication antennas of
the Deep Space Network. The layout
may also be advantageous for other
phased arrays of antennas and antenna
elements, including notably printed-
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circuit microwave antenna arrays.

In the original application, the minimum
distance, L, between antennas is dic-
tated by the requirement that an antenna
not shadow an adjacent antenna down
to a prescribed low angle of the line of
sight above the horizon; in other applica-
tions like those mentioned above, L,
would typically be governed by mechan-
ical or electromagnetic requirements. In
either case, it is well known from mathe-
matics and solid-state physics that the
packing is densest (the total land area is

THIRD-ORDER GOSPER SNOWFLAKE

Figure 1. The Gosper Snowflake is a frac-
tal object in which arrays and subarrays of
various orders can be formed in a regular
hexagonal tiling.
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minimized) when the antennas are
arranged in a regular hexagonal pattern
in which each antenna lies at the center
of a regular hexagon circumscribed
about a circle of diameter L, and the
hexagons are contiguous. The land area
assigned to each antenna is (3'/2/2)L ;2
— the area of a circumscribed hexagon.

For maximum flexibility of operation, it
is required that the array be divisible and
subdivisible into smaller interlocking
arrays that can be operated indepen-
dently or in combinations. The hexagonal
close packing must be maintained in any
division or subdivision. It is required that
each signal cable from each antenna be
routed to a signal-processing facility at
the center of the array. It is required to
minimize the number of varieties of
cables used throughout the array. No
cable is allowed to cross another cable:
In the original application, this prohibition
is dictated by the requirement that cables
be buried and by the consequent need to
prevent snagging of previously buried
cables by a cable plow. In other applica-
tions, (printed-circuit microwave anten-
nas, for example), noncrossing of trans-
mission lines could be dictated by the
need to avoid the complexity and cost of
multilayer circuitry.

The layout that satisfies these require-
ments while minimizing the total land
area and the total length of cable is
based on a fractal object known as the
Gosper snowflake, which is formed from
a recursive tiling of hexagons (see Figure
1). Starting with a single hexagon, the
first-order Gosper snowflake is created
by a first-order transformation in which
each side of the hexagon is broken into
segments of equal length, such that the
original area of the hexagon is preserved.
This first-order transformation is equiva-
lent to grouping together of seven hexa-
gons. The second-order Gosper
snowflake is created in a second-order
transformation, in which seven first-order
Gosper snowflakes are grouped togeth-
er. Similarly, and in general, a Gosper
snowflake of order N+1 is created by
grouping together seven Gosper
snowflakes of order N.

The basic element of the minimum-
length cabling scheme is a star that con-
nects the six outer elements of the first-
order Gosper snowflake to the central
element. At the central element, the
seven cables from the individual ele-
ments are spliced to a larger trunk cable.
A similar structure of trunk cables con-
nects the six outer first-order Gosper
snowflakes to the center of the second-
order Gosper snowflake to which they
belong. In the same manner, larger trunk
cables connect the six outer second-
order Gosper snowflakes to the center of

the third-order Gosper snowflake to
which they belong. This scheme can be
carried to higher orders. However, at
orders >4, the trunk cables that connect
the third-order Gosper snowflakes to the
center must be made crooked in some
places to prevent crossing of cables.
This work was done by Ronald T.
Logan, Jr, of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, write in 34 on the TSP
Request Card.
NPO-19264

CABLING SCHEME FOR
FIRST-ORDER ARRAY

CABLING SCHEME FOR
SECOND-ORDER ARRAY

CABLING SCHEM
THIRD-ORDER ARRAY

Figure 2. The Six-Pointed Star is the basic
element of the noncrossing, minimum-total-
length cabling scheme for antennas in a
Gosper snowflake array.
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Electronic Systems

Improved Noise-Power Estimators Based on Order Statistics
Only one pass over the input data would be necessary.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A technique based on order statistics
would enable the design of improved
noise-power estimators. In the original
intended application, the noise-power
estimators would be part of the
microwave-signal-processing system of
the Search for Extraterrestrial Intel-
ligence project. The improved technique
is also applicable to other signal-detec-
tion systems and to image-detection
systems that are required to exhibit con-
stant false-alarm rates.

Order statistics are used because
they provide noise-power estimates that

order statistic of fixed rank requires sort-
ing of the sample population, and sort-
ing, in turn, requires multiple passes
over the data. The advantages of the
order-statistical approach (without the
disadvantage of multiple passes over
the data) can be obtained by fixing the
value of the order statistic rather than fix-
ing its rank, provided that the value
remains within certain bounds. Accord-
ingly, a new performance requirement
called the “estimator dynamic range” is
defined as the ratio between the largest
and smallest values of the noise power

Data —» Counter
Clock o
ookup ;
Threshold — o Table > Estimate

Figure 1. A Threshold-and-Count Estimator counts the data that are at or below a

threshold value.

are relatively insensitive to radio-fre-
quency interference. Older noise-power-
estimating techniques based on order
statistics generally require multiple pass-
es over the input data and thus tend to
be too inefficient for real-time applica-
tions. The present technique involves
limiting the dynamic range of the value
to be estimated; this makes it possible
to achieve the performance of an order-
statistical estimator with simple algo-
rithms and equipment and with only one
pass over the input data.

In general, the computation of an

(or other parameter) to be estimated,
such that the estimator will perform
within a specified error at all points
between the two values.

One of the essential subsystems of a
noise-power estimator according to the
present concept is a threshold-and-
count estimator (See Figure 1). This sub-
system counts the members of a popu-
lation of data that do not exceed a given
threshold. Provided that the population
is sufficiently dense around the thresh-
old, the threshold-and-count operation
is equivalent to choosing an order statis-

tic for the noise-power estimate.
However, the value of the order statistic
and the threshold are fixed, and the rank
of the order statistic is the random vari-
able. The result is an estimate of the
value of the cumulative distribution func-
tion at the threshold; that is, the proba-
bility that a datum lies below the thresh-
old. The noise power can then be esti-
mated from a lookup table, interpolating
on the cumulative distribution function to
recover the mean noise power of the
population. A threshold-and-count esti-
mator can be designed for a specified
estimator dynamic range.

The top part of Figure 2 illustrates
one noise-power estimator according
to this concept: It would contain multi-
ple threshold-and-count estimators
that would operate in parallel on the
same input data. The estimator dynam-
ic ranges of these units would be made
contiguous in the effort to ensure that
there would always be one operating
within its estimator dynamic range. The
bottom part of Figure 2 shows an effi-
cient single-pass hybrid estimator that
would combine a threshold-and-count
implementation with a histogram-based
implementation: This estimator would
be only slightly more complicated than
the other one and considerably less
complicated than a histogram-based
true order-statistical estimator, yet
would provide much greater dynamic
range than is possible in a threshold-
and-count-only implementation. The
hybrid estimator would require only one
threshold. It would produce an order

ESTIMATOR (BASED ON THRESHOLD AND COUNT)

A Priori Five Most
' Significant Bits Threshold-and-
— - Count on Five
Most Significant
Bits
Naise-Fower Estimated L Hist : Estimated
Parallel Estimates ; S Histoar stogram | - Select Twelve: bl
Raw Data Multiple ) -8 Select | Noise Power Raw Data Fg::!:togmm Values st;;‘mm( Noise Power
: n-Range |——> 12 Least PR l—
Threshold-and- Estimate 32-bit Floating Point) | Significant B Bits of rth
Count Units ¢ e - e - Smallest Value
_ [single-Pass Raw Data (Delayed) L SjnglePase Raw Data (Delayed)
Data Delay ~ Data Delay

HYBRID ESTIMATOR (BASED ON A PRIORI FLOATING-POINT HISTOGRAM)

Figure 2. These Proposed Noise-Power Estimators are based on the order-statistical concepts described in the text.
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statistic of desired rank, provided that
the desired order statistic was within its
dynamic range.

This work was done by George A.
Zimmerman of Caltech for NASA’s Jet
Propulsion Laboratory. For further

information, write in 157 on the TSP
Request Card.
NPO-19213

Wireless Headset Communication System

This system combines features of pagers, walkie-talkies, and cordless telephones.
John F. Kennedy Space Center, Florida

A wireless headset communication
system uses digital modulation on a
spread spectrum to avoid interference
among units. The system consists of

a base station, 4 radio/antenna mod-
ules, and as many as 16 remote units
with headsets (see figure). The base
station serves as network controller,
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an audio-mixing network, and an inter-
face to such outside services as com-
puters, telephone networks, and other
base stations.

The remote units are battery-pow-
ered and weigh 18 oz (about 0.5 kg)
each. The radio-frequency output
power of each remote unit is 100 mW.
A remote unit functions as a full tele-
phone user interface via a keypad on
the front cover. The user can set up
conference calls, private calls, and ordi-
nary telephone calls via simple key-
stroke sequences.

The radio/antenna modules commu-
nicate with the remote units via radio
links in the frequency band from 902 to
928 MHz. The base station sends
queries to the remote units sequential-
ly; each headset is assigned a unique
time slice in a time-division-multiplex
protocol. A query is a data packet that
contains a packet header, an address,
some control information, and audio-
signal data. A remote unit generates
sound in the headset earphones
according to the audio data. The pack-
et contains enough data to produce the
proper sounds until the next packet
arrives. When a remote unit receives a
query, the headset sends a response
packet. Like a query packet, it contains
a header, an address, control informa-
tion, and audio data. The base station
updates control settings according to
the control information.

The radio/antenna modules can be
as far as 1,000 ft (about 300 m) away
from the base station. A remote unit
can operate as far as about 500 ft
(about 150 m) away from a radio/anten-
na module. Developed for use at
Kennedy Space Center, the system
could also be useful in industrial main-
tenance, emergency operations, con-
struction, and
airport operations. Also, its digital
capabilities could be exploited; for
example, by adding bar-code readers
for use in taking inventories.

This work was done by Wilfred K.
Lau, Richard Swanson, and Kurt K.
Christensen of Telenexus, Inc., for
Kennedy Space Center. For further
information, write in 162 on the TSP
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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

Wilfred K. Lau

1410 Summit Ave. Suite 1

Plano, TX 75074

Refer to KSC-11650, volume and
number of this NASA Tech Briefs issue,
and the page number.
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High-Density Digital Data Storage System
This system stores 5 GB of digital data from a variety of sources.
Langley Research Center, Hampton, Virginia

A high-density digital data storage
system is designed for cost-effective
storage of large amounts of information
acquired during experiments. (In the
original application, the information
consists of acoustic-measurement
data.) The system can accept up to 20
channels of 16-bit digital data (see
Figure 1) with overall transfer rates of
500 kilobytes per second. The data are
recorded on 8-mm magnetic tape in

20 Data Input
|_Channels_

Bank of 20 Bank of 20
Digital-to- Digital-to-
Analog Analog
Converters Converters
for Drive 1 for Drive 2
SCSI SCSI
—1 Control Unit| | Control Unit |
for Drive 1 for Drive 2

IDrive No. 2]

‘ Microprocessor 1—H Microprocessor 2]

Control-and-Display
Panel

Figure 1. The High-Density Digital Data
Storage System accepts data in as many
as 20 channels of data, and records the data
on one or two 8-mm tapes.

cartridges, each capable of holding up
to five gigabytes of data. Each cartridge
is mounted on one of two tape drives.
The operator can choose to use either
or both of the drives. One drive can be
used for primary storage of data while
the other can be used to make a dupli-
cate record of the data. Alternatively,
the other drive can serve as a backup
data-storage drive when the primary
one fails.
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The system includes data-input cir-
cuits, two microprocessors that oper-
ate the data-input circuits, small-com-
puter-systems-interface (SCSI) tape-
drive control units, and a control-and-
display panel. An analog output for
each channel is used to monitor the
data signals sent to the tape drive(s)
during recording or retrieved from the
tape drive(s) during playback; two
banks of digital-to-analog conversion
circuits provide these analog outputs to
the control-and-display panel. The sys-
tem automatically searches for data on
each tape that is loaded and enables
front-panel controls either for a blank
tape or a tape on which data are
already recorded.

The operator can set the system to
record data received on any number of
input channels from 1 to 20. Incoming
16-bit serial data for each channel are
fed to its data-input circuit (see Figure
2). In this circuit, the format of the data
signal is converted from serial to paral-
lel under the control of bit-clock and

word-clock signals. Data in parallel for-
mat are then fed, in 8-bit units, to two
first-in/first-out (FIFO) buffers that pro-
vide 2,048 samples of interim storage
to compensate for any mismatch
between the speed of input of data and
the speed of recording of data on the
tape. Address-logic circuitry provides
addresses for encoding all 20 channels
of input data onto a single tape channel
and decodes the addresses to sepa-
rate the data into their respective chan-
nels during playback.

This work was done by Kenneth D.
Wright and David L. Gray of Langley
Research Center. For further info-
rmation, write in 200 on the TSP
Request Card.

This invention is owned by NASA, and
a patent application has been filed.
Inquiries concerning nonexclusive or
exclusive license for its commercial
development should be addressed to the
Patent Counsel, Langley Research
Center [see page 20]. Refer to LAR-
14651.
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Figure 2. The Data-Input Circuit associated with each of two tape drives performs serial-
to-parallel conversion of incoming data and addresses and formats the data for recording.
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Control Electronics for Reaction Wheel

Bidirectional operation is achieved with a single-polarity main power supply.
Goddard Space Flight Center, Greenbelt, Maryland

The figure shows the major function-
al blocks of electronic circuitry that con-
trols a two-phase ac induction motor
with a reaction wheel attached to its
shaft. The reaction wheel can store up
to 0.8 ft:lb-s (about 1.1 J-s) of angular
momentum at 250 r/min. The control
circuitry is designed to supply pulse-
width-modulated square drive wave-
forms, at 50 V peak to peak, to the two
motor windings, 90° out of phase with
each other, at an excitation frequency
of 800 Hz.

The control circuitry operates partly in
response to a digital magnitude-and-
direction torque command generated by
an external control subsystem and part-
ly in response to tachometric feedback
in the form of two once-per-revolution
sinusoids with amplitudes proportional
to speed. Operation can be in either of
two modes called “normal” and “safe-
hold.” In the normal mode, the drive
pulses are timed so that, on the average
over one or a few cycles, the motor
applies the commanded torque. In the
safehold mode, the pulses are timed to
keep the motor running at a set speed in
one direction.

The control circuitry includes a pulse-
width modulator (PWM) and a processor
that computes a setting for the PWM on
the basis of the actual speed and the
most recently commanded torque. In
the normal mode, torque commands are
processed at a rate of 2 Hz. The digital
output of the processor is converted to
PWM-driving analog error signals. The
PWM generates a four-phase, 800-Hz
sequence of pulses. The durations of
the pulses are controlled by the analog
error signals via ramp-waveform volt-
age-to-time converter circuits.

The outputs of the PWM are fed, via
optocouplers and other ancillary circuits,
to eight metal oxide/semiconductor
field-effect transistor (MOSFET) switch-
es, which apply the drive pulses to the
motor windings from a single +25-V
power supply. The eight MOSFET

switches are arranged in two four-switch
H bridges — one H bridge for each
motor winding. Each H bridge provides
the required 50-V peak-to-peak square
waveforms in the following way: During
the first part of an 800-Hz cycle, one pair
of MOSFET switches in the bridge is
turned on to connect one side of the
winding to +25 V and the other side to 0
V. During the second part of the cycle,
the other pair of MOSFET switches is
turned on to apply 25 V in opposite
polarity. During intervals when all the
MOSFET switches in a bridge are turned
off, diodes direct flyback energy from the
motor windings to the power supply.
The control circuitry enters the safe-
hold mode whenever an externally gen-

erated watchdog pulse has not been
received within the past 5 seconds. In
the safehold mode, the motor-drive
pulses are applied or not applied in sim-
ple on/off fashion, depending on
whether the speed is above or below a
set value as indicated by comparison of
the amplitude of the tachometer output
with a set dc level: When the speed rises
above the preset value, the motor drive
is turned off and remains off until friction
decelerates the motor and wheel below
the preset speed.

This work was done by Keith
Chamberlin of Goddard Space Flight
Center. For further information, write in
269 on the TSP Request Card.
GSC-13593
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The Control Circuitry generates pulse-width-modulated 800-Hz waveforms to drive a

two-phase ac motor and reaction wheel.

Compensating for Apparent Strain at High Temperature
A control system would maintain a compensation strain gauge at the same temperature.
Langley Research Center, Hampton, Virginia

A proposed high-temperature strain-
gauge system would include a sub-
system that would compensate for
apparent strain. There are many prior
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techniques for compensating for appar-
ent strain, and each is more or less
effective, depending on the specific
application. The technique embodied in

the proposed system is relatively com-
plicated, but in return it offers the po-
tential advantage of adaptability to a
wide range of measurement conditions.

NASA Tech Briefs, February 1995




Physical Sciences

Hydrogen-Detection Apparatus

The concentration of hydrogen can be monitored continuously.
Stennis Space Center, Mississippi

An apparatus continuously monitors
the concentration of hydrogen, at a level
ranging from a few parts per miilion to
several percent, in a mixture of gases.
Such a mixture could occur, for exam-
ple, in a vessel that has been used to
store or transport hydrogen and that has
nominally been purged of hydrogen in
preparation for maintenance or repair.
The apparatus can be used to alert
technicians to potentially explosive con-
centrations of residual hydrogen. In con-
trast, the older technique of collecting
gas samples and taking them to an ana-
lytical laboratory for determination of the
concentrations of hydrogen in them is
time consuming and expensive and pro-
vides delayed measurements that are
applicable only to the sampling instants.

In the apparatus (see Figure 1), the
stream of gas to be sampled first pass-
es through an oxygen-removing mem-
brane, then toward a catalytic methana-
tor. A feed stream of carbon dioxide gas
is mixed with the sampled gas, and the
resulting mixture is fed to the catalytic
methanator. The catalyst in the
methanator promotes the reaction
between the hydrogen (if any) from the
sample stream and the carbon dioxide
from the feed stream. Downstream of
the catalytic methanator, the concentra-
tion of methane is measured (and thus
the relative concentration of hydrogen in
the sampled gas is inferred) by use of a
fixed-filter infrared detector.

The catalyst is designed for high
methanation activity and minimal reten-
tion of product gases to achieve rapid
response (see Figure 2). In fabricating a
prototype of the catalyst, 0.65 weight
percent ruthenium (as ruthenium chlo-
ride) was applied to low-specific-sur-
face-area (0.4-m2/g), 30-mesh-size alu-
mina supporting particles with a pore
size of 5.5 ym. About 1 g of the particu-
late catalytic material thus prepared was
packed into a tube of 0.25-in. (6.35-mm)
diameter. The resultant catalyst provides
for a low metal support area with large
pores and a high rate of conversion of
CO, to CH,.

The oxygen-removing membrane at
the input end of the apparatus is neces-
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Figure 1. This Hydrogen-Detection Apparatus continuously measures the concentration of

hydrogen in the sampled atmosphere.

sary to provide an inert environment to
the catalyst. The CO, feed stream and
sample gas stream pass through mass-
flow controllers, which provides a 1:1
mixing ratio. The catalytic methanator is
heated to a temperature of 380 °C. The
stream that leaves the catalytic
methanator contains methane, oxygen,
excess carbon dioxide, and other inert
gas from the sampled atmosphere. The
infrared detector that probes this stream
is optimized for the detection of
methane at a wavelength of 3.4 um. It is

simple and fast, providing high sensitivi-
ty and linear response.

This work was done by H. Richard
Ross and Chris M. Bourgeois of
Sverdrup Technology, Inc., for Stennis
Space Center. For further information,
write in 284 on the TSP Request
Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Stennis Space Center [see page 20].
Refer to SSC-00021.
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Figure 2. The Rapid Response of the apparatus is evident in this graph. The sample gas was
introduced at time 0:00 and shut off at time 1:20.
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In particular, the system should be able
to cope with the nonrepeatable, nonlin-
ear nature of the apparent-strain problem
in complicated materials like matrix/fiber
composites at high temperatures, at
which apparent strains can greatly
exceed real mechanical strains by orders
of magnitude.

Apparent strain is a spurious tempera-
ture-dependent component of the strain-
gauge reading, caused by two additive
effects that occur in the strain-gauge
installation. One effect is the variation of
the electrical resistivity of the gauge
material with temperature. The other
effect is an apparent mechanical strain
caused by differential thermal expansion
between the gauge and the substrate to
which the gauge is bonded.

The most desirable way to eliminate
the apparent-strain component of the
strain-gauge reading would be to use
two matched gauges, each bonded in
the same orientation on a separate sub-
strate of the same material, with both
substrates and gauges maintained at the
same temperature. The substrate to
which one of the strain gauges (the active
gauge) was bonded would be the sub-
strate undergoing the strain to be mea-
sured. The other substrate would remain
unstrained, and the strain gauge bonded
to this substrate would serve as a com-
pensation gauge. Inasmuch as both
gauges would be exposed to identical
temperature and material environments,

both would be subject to the same
apparent strain. Thus, the gauge read-
ings could be subtracted electrically in
the Wheatstone bridge to obtain the true
mechanical-strain component of the out-
put of the active gauge.

Heretofore, it has been nearly impossi-
ble to implement this compensation
scheme in practice because of various
difficulties involved in keeping both
gauges at the desired temperature under
the required apparent-strain conditions.
The proposed system would overcome
the difficulties. The system (see figure)
would include a thermocouple attached
to the strained substrate, as close as
possible to the active gauge. The com-
pensation gauge and its substrate would
be similarly instrumented with a thermo-
couple. The compensation gauge and
substrate would be attached to a con-
trollable electric heater. The Wheatstone-
bridge-completion resistors would be
housed in a signal-conditioning-and-
power-supply electronic unit. A propor-
tional plus integral plus derivative con-
troller would continually adjust the power
supplied to the heater, striving to keep
the thermocouple outputs (and thus the
temperatures of the substrates and strain
gauges) equal.

This work was done by Harlan K.
Holmes of Langley Research Center.
For further information, write in 216 on
the TSP Request Card.

LAR-14726
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A Feedback Control Subsystem implementing a proportional plus integral plus derivative
control algorithm would maintain the temperature of the compensation gauge equal to that of

the active gauge.
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Precision Analog
Measurement

High performance data acquisition
is now available on PC/104 boards.
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PC/104 boards from Analogic, with
8 DI or 16 SE channel inputs, soft-
ware-selectable input ranges, low pow-
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will reduce your development costs
and minimize technical risks so your
products get to market faster.
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advanced boards, or how we can meet
your custom PC/104 requirements, call

1-800-446-8936, Ext. 2394 FAX: 617-245-1274

PC/104 and the PC/104 logo are trademarks
of the PC/104 Consortium
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Device for Ultrasonic Scanning of Curved Object
Bristles would couple ultrasound into and out of the object.
Langley Research Center, Hampton, Virginia

The ultrasonic brush is a device that
has been proposed to overcome the
major difficulties that are now encoun-
tered in ultrasonic scanning of the interi-
or of an object that has a curved sur-
face. Unlike other scanning ultrasonic
devices now in use, this device would
insonify the object with uniform-phase
wavefronts propagating into the interior
from a relatively large area on the sur-
face. As a result, an ultrasonic image of
subsurface flaws throughout the interior
could be generated much faster than in
older point-excitation ultrasonic scan-
ning and more easily than in older large-
area-excitation ultrasonic scanning (in
which surface curves and irregularities
interfere with imaging of the interior).

The ultrasonic brush (see figure) is so
named because it would include hun-
dreds of thin, springy, coated wire bris-
tles that would act as ultrasonic wave-
guides. The radius of the wire cores of
the bristles would be much smeller than
the wavelength of the ultrasound. The
coating material and its thickness would
be chosen to concentrate the sonic
energy in the core and keep the wave-
guides isolated sonically from each other,
analogously the manner in which trans-
parent thin fiber-optic cores are coated
with low-index-of-refraction material to
keep the light focused in the cores.

The wires would protrude from a hold-
er, and the free ends of the fibers would
be pressed against the surface of the
object to be scanned. Ultrasound would
be coupled between an ultrasonic trans-
ducer and the bristles via a quarter-wave
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matching plate and a couplant layer on
the fiber holder. Where possible, the
bristles would be made of materials
such that the bristles would have the
same or nearly the same acoustic
impedance as that of the object to be
scanned: this would provide for more
efficient coupling and less spurious
reflection from the surface.

layer and holder to effect a B scan. In
addition, the brush could be reoriented
to scan in a different direction and there-
by acquire data from which a three-
dimensional image of subsurface flaws
could be reconstructed.

This work was done by Eric Irvine
Madaras of Langley Research Center.
No further documentation is available.

Quarter-Wave Matching
Plate and Carriage System
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Assembl
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Building Signmage Processing(S/IP) Application?

Springy Bristles would act as ultrasonic waveguides, coupling ultrasound into and out of an

object through its curved surface.

The bristles would all be of the same
length, so that sound generated by the
transducer would arrive simultaneously
at the ends of all the bristles, insonifying
the object with a uniform, coherent
beam propagating in from the surface.
The transducer and quarter-wave plate
would be moved along the couplant

This invention is owned by NASA, and
a patent application has been filed.
Inquiries concerning nonexclusive or
exclusive license for its commercial
development should be addressed to
the Patent Counsel, Langley Research
Center [see page 20]. Refer to LAR-
14621.
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Instruments Sniff Organic Surface Contaminants

Contaminants react with activated gas molecules, forming excited molecules

that emit characteristic light.

John F. Kennedy Space Center, Florida

Portable instruments that detect
both nonvolatiie and volatile organic
surface contaminants (principally,
hydrocarbons) in real time are being
developed. These instruments are easy
to use: they operate under ordinary
ambient atmospheric conditions, with-
out need to use messy liquid solvents
or to install and remove witness plates,
and without need to cut specimens
from the surfaces to be inspected. The
principle of detection involves sweep-
ing a pure, activated gas across the
surface spot to be inspected, then
monitoring light emitted at wavelengths
characteristic of the excited molecules
that are formed by chemical reactions
between the activated gas and the
contaminants.

The gas can be activated by a dc
discharge, radio-frequency induction,
microwave radiation, laser beam, hot
filaments, or any other suitable means
that excites some of the gas mole-
cules. The preferred gas is nitrogen,
the active species of which include sin-
gle atoms of nitrogen and metastable,
high-energy nitrogen molecules. One
of the products formed in chemical
reactions between organic materials
and the active nitrogen species is ex-
cited cyanogen (CN), which emits light
at a characteristic wavelength of about
385 nm.

The figure shows, schematically, one
version of an instrument of this type.
Here, the nitrogen gas is supplied as a
regulated flow from a Dewar flask of
boiling liquid nitrogen: it is advanta-
geous to do this because at the tem-
perature of liquid nitrogen, the vapor
pressures of the hydrocarbon contam-
inants in commercially supplied nitro-
gen are much lower than the vapor
pressure of the nitrogen, so that the
nitrogen gas supplied is highly pure, as
needed to prevent spurious contami-
nant readings.

The nitrogen gas is fed into a wand
that is positioned on the surface spot
to be inspected. The wand is essential-
ly a specially designed gas-distributor
head that directs the flow across the
inspected surface. Spacer feet keep
the wand at a fixed distance off the
surface, thereby helping to ensure
repeatability of readings. The slight
positive pressure of the outflow of the
nitrogen gas pushes ambient air out of
the space between the wand and the

NASA Tech Briefs, February 1995

inspected surface, so that the instru-
ment does not read spurious atmos-
pheric contaminants.

The nitrogen flowing into the wand is
activated by a dc discharge between
two electrodes. Fiber-optic cables are
positioned to receive some of the light
emitted by excited molecules entrained
in the outflowing activated nitrogen
gas. The fiber-optic cables are also
aimed and positioned so as not to pick
up light from the discharge and from
short-lived excitation of residual con-
taminant molecules carried in from the
nitrogen supply. The fiber-optic cables
carry the light to bandpass filters, one
of which passes the 385-nm light char-
acteristic of cyanogen, the other of
which passes the 380-nm light charac-
teristic of nitrogen. The outputs of the
filters are sensed by photodetectors,
which thus give readings approximate-
ly proportional to the amount of conta-
minants and the amount of nitrogen,
respectively. The cyanogen reading

can be divided by the nitrogen reading
to obtain a normalized contaminant
reading that may fluctuate less with
fluctuations in the degree of activation
of nitrogen.

The instrument as described thus far
gives only a qualitative or semiquantita-
tive indication of the amount of surface
contamination. An alternative version
(not shown in the figure) to measure
the amount of contamination would
include a pulsed laser and time-gated
integrating circuits to process the out-
puts of the photodetectors. The laser
pulse would be adjusted so that it was
powerful enough to vaporize all organ-
ic contamination from the inspected
spot, but not powerful enough to dam-
age the spot. The time-gated, integrat-
ed 385-nm photodetector reading fol-
lowing a single laser pulse wouid thus
be indicative of the total amount of
contamination that was present on the
surface before the pulse.

This work was done by Steven Adler-
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Golden and Michael W. Matthew of
Spectral Sciences, Inc., for Kennedy
Space Center. For further information,
write in 36 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

Steven Adler-Golden

99 South Bedford St. No.7

Burlington, MA 01803-5169

Refer to KSC-11660, volume and
number of this NASA Tech Briefs issue,
and the page number.
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This Instrument Detects Organic Surface Contamination by applying a flow of activated
nitrogen gas, then measuring light emitted by excited molecules formed in chemical reactions
between the contaminants and the activated nitrogen.
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Materials

Flame-Resistant Composite Materials
for Structural Members

Surface layers of ceramic fabric are integrated into the members.

John F. Kennedy Space Center, Florida

Matrix/fiber composite materials are
being developed for structural members
that are occasionally exposed to hot,
corrosive gases. In the original intended
application, the composite members
would replace steel structural members
of rocket-launching structures that dete-
riorate under the combined influences of
the atmosphere, spilled propellants, and
rocket exhaust. The composites may
also be attractive for other applications
in which corrosion- and fire-resistant
structural members are needed.

A typical composite-material member
considered in this development work
comprises a phenolic or other heat-
resistant thermosetting resin reinforced
by internal layers of glass fabric, plus a
surface layer of ceramic fabric that is
molded together with the internal layers
and matrix material into a single, integral
piece (see figure). The ceramic-fabric
surface layer resists flames, protects
against erosion, provides strength, and
resists chemicals. By so doing, it retards
deterioration of the entire underlying
composite material.

Experimental composite specimens
have been made by resin-transfer mold-
ing, but in production, the composite
structural members would likely be
made by pultrusion. Further work must
be done to develop the parameters of a
pultrusion process. Until now, high vol-
ume production pultrusion, in which

Integral Surface Layer of Ceramic Fabric

i

Matrix Resin

s

Internal Layers
of Glass Fabric

The Integral Ceramic Fabric Surface Layer would be essential for resistance to flames and
chemicals. This layer endures high temperature, impedes a flame from penetrating to the inte-
rior, inhibits the diffusion of oxygen to the interior where it would degrade the matrix resin,
resists attack by chemicals, helps to resist erosion, and provides additional strength.

reinforcement fibers are impregnated
with resin and fed to forming and curing
dies, has been confined to polyesters,
vinyl esters, and epoxies. The pultrusion
process will have to be adapted to phe-
nolic resins, and this requires study of
the temperatures, viscosities, and curing

characteristics of phenolic formulations.
This work was done by Richard K.

Spears of Largo Scientific, Inc., for

Kennedy Space Center. For further

information, write in 31 on the TSP

Request Card.

KSC-11613

Polyimides Made From 3,5-Diaminobenzotrifluoride

Characteristics include thermo-oxidative stability, solubility in polar solvents,
low dielectric constants, and transparency.

Langley Research Center, Hampton, Virginia

Polyimides have been synthesized from
3,5-diaminobenzotrifluoride  (DABTF).
Polyimides are an important class of
polymers for use at high temperatures
because they exhibit high thermo-oxida-
tive stability. One monomer of major

56

importance in preparing these high-tem-
perature polymers is 1,3-phenylenedi-
amine (mMPDA). DABTF is a newly syn-
thesized diamine derived from mPDA.
DABTF contains a symmetrically substi-
tuted polar CF5 group.

Fluorinated polyimides exhibit charac-
teristics that make them potentially
attractive for aerospace and elec-
tronic applications. These characteris-
tics include optical transparency, solubil-
ity in common polar solvents, enhanced

NASA Tech Briefs, February 1995
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thermo-oxidative stability, low dielectric
constants, and high glass-transition tem-
peratures. Therefore, experiments were
conducted with a view toward synthesiz-
ing polyimides with these characteristics,
starting from the newly synthesized fluo-
rinated diamine DABTF.

In the experiments, DABTF was react-
ed with each of the following dianhy-
drides: 2,2-bis (3,4-dicarboxyphenyl)

hexafluoropropane dianhydride (6F);
3,3’,4,4’-benzophenonetetracarboxylic
dianhydride (BTDA); 4,4’-oxydiphthalic
anhydride (ODPA); pyromellitic dianhy-
dride (PMDA); 8,3',4,4’-biphenyltetra-
carboxylic dianhydride (BPDA); iso-
phthaloyldiphthalic anhydride (IDPA);
sulfonyldiphthalic anhydride (SO2DPA);
bis(3,4-dicarboxyphenyl)dimethylsilane
dianhydride (SiDA); and 4,4’-bis(3,4-
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DABTF and Dianhydrides can be reacted to obtain fluorinated polyimides suitable for

electronic and aerospace applications.
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dicarboxyphenoxy)diphenylsulfide dian-
hydride (BDSDA).

The figure illustrates the molecular
structures of DABTF and of these dian-
hydrides, and shows the reaction
sequence. In each case, the dianhydride
and DABTF monomers were dissolved in
N,Ndimethylacetamide (DMAc) at a
solids concentration of 20 percent, and
the polymerization reaction proceeded at
room temperature in the solution thus
formed. The product of the reaction was
a poly(amic acid), which was then ther-
mally cyclized to convert it to the corre-
sponding polyimide.

In comparison with the other state-of-
the-art polyimides available at the time,
the polyimides synthesized in these
experiments were found to have greater

solubility in polar solvents, less color, and
lower dielectric constants. These poly-
imides can be used to form free-standing
films, coatings, and moldings.

This work was done by Terry L. St.
Clair and Anne K. St. Clair of Langley
Research Center and Margaret K.
Gerber and J. Richard Pratt of Planning
Research Corp. For further information,
write in 296 on the TSP Request Card.

This invention has been patented by
NASA (U.S. Patent No. 5,218,083).
Inquiries concerning nonexclusive or
exclusive license for its commercial
development should be addressed to the
Patent Counsel, Langley Research
Center [see page 20]. Refer to LAR-
14206.

Intercalated-Graphite-Fiber Composites

Electrically conducting composites have been made from
bromine-intercalated graphite fibers in an epoxy matrix.

Lewis Research Center, Cleveland, Ohio

Although electrically conductive poly-
mers have attracted much interest as
candidate materials for incorporation
into lightweight, electrically conductive
composites, an alternate approach to
making conductive composites is to
increase the conductivities of the fibers.
Carbon fibers based on polyacryloni-
trile have appreciable conductivity (500
Q-1cm-1), and graphite fibers based
on pitch have even higher conductivity
(4,000 Q-1cm-1), but these conductiv-
ities are still well below those of com-
mon metals (10,000 to 550,000
Q-1cm-1). However, by intercalation
(the process of introducing donor or
acceptor atoms between the layers of
graphite crystalline lattices), one can
increase the conductivities of pitch-
based graphite fibers into the metallic
range (as high as 50,000 Q-1cm-1).

Although most elements and com-
pounds to be intercalated into graphite
are sensitive to moisture and high tem-
perature, bromine-intercalated graphite
fibers have conductivity of about
20,000 Q-1cm-1 and have been found
to be stable in the presence of moisture
(the fibers can even be submerged for
indefinite times) and at reasonably high
temperature (200 °C). Conventional
epoxy resins, which typically require
curing temperature of 175 °C, can be
used with such fibers.

Composite materials that contain
50 percent bromine-intercalated graph-
ite fibers have promising properties.
The mechanical properties of such

NASA Tech Biriefs, February 1995

composites are similar to those of com-
posites made with pristine fibers: The
tensile and flexural strengths and the
Young’s and bending moduli are essen-
tially unchanged, and the interlaminar
shear strengths are slightly enhanced.
The thermal conductivities of the com-
posites also show very little degrada-
tion from those of the pristine compos-
ites. However, the electrical conductivi-
ties of the composites increase from
700 to 2,800 Q-1cm-1 as a result of
the use of the intercalated-graphite
fibers. This fourfold increase in conduc-
tivity invites the application of these
composites in electrical grounding
planes and in shields against electro-
magnetic interference.

The intercalation process (see figure)
is simple and straightforward. A cloth
made of the graphite fibers is rolled up
and placed into a cylindrical glass reac-
tion tube. Liquid bromine is then intro-
duced into the tube. The intercalation
reaction occurs in both the liquid and
the gas regions in the tube, though
more quickly and evenly in the liquid.
The tube is slowly rolled to expose
every part of the graphite to the liquid.
After the reaction is complete, the
bromine is removed from the tube, and
the cloth is washed in bromoform. This
wash removes the residual bromine
and lubricates the cloth so it can be
easily handled and formed. A compos-
ite can then be made of the cloth and a
film-type epoxy, which is cured by use
of the standard procedure recom-
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mended by the epoxy manufacturer.
The determination of the electrical
conductivity of a specimen of compos-
ite is not straightforward because the
conducting fibers are embedded in the
insulating matrix. A contactless radio-
frequency eddy-current technique, of
the type used in the semiconductor
industry, has been used to characterize
specimens of this type. Although this
technique avoids the difficult problem of
how to make contact, the electrical
conductivity of the composite has a
complicated directionality, which cannot
be measured by this technigue.
Currents that flow along the fibers flow
approximately like those in parallel con-
ductors and can be treated by a simple
rule-of-mixtures mathematical model.
Currents that travel in other directions

must percolate from fiber to fiber
through the insulating matrix. The con-
ductivity measured by use of radio-fre-
quency eddy currents is about half that
measured in the fibers and predicted by
a simple rule of mixtures.

This work was done by James R.
Gaier of Lewis Research Center and
Paul D. Hambourger and Melissa E.
Coan of Cleveland State University. For
further information, write in 71 on the
TSP Request Card.

This invention has been patented by
NASA (U. S. Patent No. 5,073,412).
Inquiries concerning nonexclusive or ex-
clusive license or its commercial devel-
opment should be addressed to the
Patent Counsel, Lewis Research Center
[see page 20]. Refer to LEW-16077.

STEP 1: GRAPHITE CLOTH ROLLED UP

STEP 2: CLOTH PLACED IN REACTION TUBE AND ROTATED WITH LIQUID BROMINE

Cloth

Epoxy Film

STEP 3: COMPOSITE FORMED BY STACKING LAYERS OF TREATED CLOTH
WITH EPOXY FILMS, THEN PRESSING AND CURING

Specimen of Composite

CONDUCTIVITY OF COMPOSITE MEASURED BY EDDY-CURRENT APPARATUS

Bromine Is Intercalated Into Graphite-Fiber Cloth, then the cloth is used to make a
fiber/epoxy composite. The electrical conductivity of the composite can be measured by use
of radio-frequency eddy currents.
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New! The Furst
Color Ink Jet Plotter
At A Monoclhrome Price..

..Under $3,500! ownership is unusually low due ik jet color affordable, it makes

Ink jet technology is the log-  to its dual refillable cartridges. ~ Colorless competitors untenable!
ical next step for CAD profes- Connectivity is offered via serial ~ Which is what you'd expect

sionals who need greater plotting  and parallel ports and an from the company that sets
productivity. Adding color, how-  Ethernet option. The system is ~ §raphics technology standards
ever, remains an impossible leap  also fully programmable and worldwide. ‘
for most. Which is why we devel-  can be readily upgraded from its For an Authorized Dealer
oped the New Summalet™2C. ~ standard 4MB memory to who carries the Full Color

The 2C produces 300dpi ~ 32MB. Summajet 2C, high-speed
quality and delivers 0.1% plot- In short, the New monochrome Summalet 2M
ting accuracy. Yet its cost of Summalet 2C not only makes (upgradable to color) and our

entire family of quality plotters,
from AtoE . .. Call now!

e ﬂ 1-800-33-SUMMA
eaappm—
oy a0 COMPATIBLE ®

o S W el o . e el Summogrpics oportion, 8500 Comeron e, A, X 78754

For More Information Write In No. 520




Vespel parts can
handle some of
the toughest jobs.

Like paying for
themselves.

Everyone knows that Vespel® polyimide parts
improve performance in severe service applica-
tions by withstanding extreme heat, friction,
pressure and contamination —with minimal
or no lubrication. But now manufacturers
who use Vespel parts in general applica-
tions are beginning to notice improvements

somewhere else: the bottom line. That’s because
the reliability and long life of Vespel parts can
make them the most cost-effective choice for
general applications in the long term.

If your applications require parts that can
withstand extreme temperatures (350°F to 550°F),
Vespel should be your first choice. Vespel should




Insulators. /n plasma-arc
cutting torches, Vespel
insulators provide
superior strength and durability
at high temperatures up to
550°F, lasting up to six
times longer than
[fragile ceramic
insulators.

’:*‘:. Seal Rings. In the assembly

— @ of automobile transmissions, Vespel
E \ seal rings reduce costs by replacing
expensive metal rings, which can fracture or

| deform during assembly. They also reduce

warranty costs by producing a better seal.

Thrust
Washers.
In farm
tractor transmissions,
Vespel thrust washers
reduce costs and
manufacturing
time by eliminating
the need for
secondary
machining.
¥ Vespel washers
also exhibit high
performance and
low wear with limited
or no lubrication.

By, DBearings.
In photocopiers,

Vespel composite
idler gear hub bushings are
a cost-effective alternative
to metal. The Vespel parts
provide ultra-high
temperature resistance and
dimensional stability while
offering a low coefficient of
[riction, as well as long life
without lubrication.

Bushings.
In aircraft
engine

vanes, Vespel
bushings withstand

high-frequency |
vibration dithering
and offer excellent
stability and lubricity
at high temperatures. They also reduce assembly time.

Wear Strips.
In textile equipment,
Vespel tenter frame

clip wear strips reduce costs by
eliminating the need for lubrication. They
also improve textile manufacturing quality
by eliminating oil contamination, and 3
provide good wear and temperature resistance.

also be consiq?red if you have parts that IF YOU WANT TO An_d Vespc_:l parts can t_)e direct-formed,
rub together, if metal parts are too noisy, [ GETTECHNICAL | which eliminates machining costs.

or if fluid flow needs to be controlled. For information, When you consider how cost-effective
3 . i call 1-800-426-7246. . oy
Superior strength and reliability | orwite: DuPontvesper | Vespel parts can be in the long term, it’s
aren’t the only ways Vespel can save you e clear that we don’t just make better
money. Often, you can consolidate two | Bloomfield Hils, MI | bushings, bearings, washers and seals.

G . . 48303-1138.
or more existing parts in one Vespel piece. We make better sense.

Vespel

Only by DuPont

For More Information Write In No. 509




@l Computer Program

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® —

John A Gibson, 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.

Physical Sciences

Computer Model of
Fragmentation of Atomic
Nuclei

This semiempirical model
accounts for the principal
physical effects.

The High Charge and Energy Semi-
empirical Nuclear Fragmentation Model
(HZEFRG1) computer program was
developed to be a computationally effi-
cient, user-friendly, physics-based pro-
gram for generating data bases on the
fragmentation of atomic nuclei. (The “Z”
in “HZE” is the customary mathemati-
cal symbol for the number of units of
positive charge in an atomic nucleus;
hence, “HZE” signifies “high charge
and energy.”) The data bases generat-
ed by HZEFRG1 can be used in calcu-
lations that pertain to such radiation-
transport applications as shielding
against radiation in outer space, radia-
tion dosimetry in outer space, cancer
therapy in laboratories with beams of
heavy ions, and simulation studies for
designing detectors for experiments in
nuclear physics. The program provides
cross sections for production of individ-
ual elements and isotopes in breakups
of high-energy heavy ions by the com-
bined nuclear and Coulomb fields of
the interacting nuclei.

In HZEFRG1, the contributions to

64

breakups of nuclei are estimated by use
of an energy-dependent, abrasion/abla-
tion mathematical model of fragmenta-
tion of heavy ions. The abrasion step
involves removal of nucleons by direct
knockout in the region of overlap of the
colliding nuclei. The abrasions are treat-
ed on a geometric basis, and uniform
spherical distributions of densities in
nuclei are assumed. Empirical radii of
nuclei obtained from tabulations of elec-
tron-scattering data are incorporated.
Nuclear-transparency effects are includ-
ed by use of an energy-dependent,
impact-parameter-dependent average
transmission factor for the projectile and
target nuclei, which factor accounts for
the finite mean free paths of nucleons in
nuclear matter.

The ablation step, as implemented by
Bowman, Swiatecki, and Tsang (LBL
report LBL-2908, July 1973), is treated
as an emission of a single nucleon for
every 10 MeV of excitation energy.
Contributions to fragmentation from
electromagnetic dissociation processes
that arise from the interacting Coulomb
fields are estimated by use of the
Weiszacker-Williams theory, extended
to include the contributions of electric
dipoles and quadrupoles to the cross
sections for removal of single nucleons.

HZEFRG1 consists of a main pro-
gram, seven function subprograms,
and thirteen subroutines. Each subpro-
gram and subroutine is fully explained
by comments contained within it and
begins with a brief description of its
functionality. The inputs, which are pro-
vided interactively by the user in
response to questions displayed on the
computer video screen, consist of the
energies of the projectile nuclei in units
of MeV/nucleon and the masses and
charges of the projectile and target
nuclei. With proper inputs, HZEFRG1
first calculates the cross sections for
electromagnetic dissociation and then
begins the calculations of fragmenta-
tion of nuclei by searching through a

specified number of isotopes for each
charge number (2) from Z=1 (hydrogen)
to the charge of the incident fragment-
ing nucleus (Zp). After computing the
cross sections for fragmentation of the
nuclei, HZEFRG1 sorts through the
results and writes the sorted output to
a file in descending order, based on the
charge numbers of the fragmented
nuclei. Details of the theory that under-
lies the computer code, extensive com-
parisons of its predictions with available
experimental cross-section data, and a
complete description of the computer
code are given in the program docu-
mentation.

HZEFRG1 is written in ANS|I FOR-
TRAN 77 to be machine-independent. It
was originally developed on a DEC VAX-
series computer, and has been suc-
cessfully implemented on a DECstation
computer running RISC ULTRIX 4.3, a
Sun4-series computer running SunOS
4.1, an HP 9000-series computer run-
ning HP-UX 8.0.1, a Cray Y-MP-series
computer running UNICOS, and IBM
PC-series computers running MS-DOS
3.3 and higher. HZEFRG1 requires 1MB
of random-access memory for execu-
tion. In addition, a FORTRAN 77 com-
piler is required to create an executable
code. A sample output run is included
on the distribution medium for numeri-
cal comparison. The standard medium
for distribution of this program is a 3.5-
in. (8.89-cm), 1.44MB MS-DOS-format
diskette. Alternate distribution media
and formats are available upon request.
HZEFRG1 was completed in 1992.

This program was written by John W.
Wilson and Lawrence W. Townsend of
Langley Research Center and Ram
K. Tripathi of Vigyan, Inc., John W.
Norbury of Rider College, Ferdous Khan
of Old Dominion University, and Francis
F. Badavi of Christopher Newport
University. For further information, write
in 298 on the TSP Request Card. LAR-
16230
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AUTOMATE NOW!

e

4 Connects to your PC printer port
4 Get up and running in 10 minutes!
' Only $460 for complete dual axis system
¥ Includes motors, driver, software, cables
4 Includes Basic & C language libraries
® Extensive technical documentation

¥ Larger systems available, size 23 & 34
@ Integrate with data acquisition products
4 30 Day money back guarantee

POSITIONING TABLES

s
4 18" XY table only $799
4 Use with any size 23 motor
& X, XY & XYZ configurations available
@ XYZ robotic workcells under $2500

‘ ARRICK I

Free Information - Call Now

Ph: (817) 571-4528 Fax: (817) 571-2317
P.O. Box 1574 Hurst, TX 76053 USA

For More Information Write In No. 424

\

Mathematics &
Information Sciences

3

Program for Editing
Graphical Displays of
Schedules

This program provides
WYSIWYG editing capabilities.

XOPPS is a window-based software
tool from graphics that provides easy
and fast "what you see is what you get"
(WYSIWYG) on-screen editing capabili-
ties. It provides an area, analogous to a
canvas, on which it displays a full image
of a schedule being edited. The canvas
contains a header area (for text) and a
schedule area (for plotting graphical rep-
resentations of milestone objects in a
flexible time line).

XOPPS is object-oriented, but it is
unique in its capability for creation of
objects that have date attributes. Each
object on the screen can be treated as a
unit for moving, editing, and other oper-
ations. There is a mouse interface for
simple control of location of a pointer.
The user can position objects to pixel

N

e Spiral, flat, molded-to-shape,
wire-wound, etch-foil, trans-
parent.

e Broad range of materials
available.

* Mounting choices: pressure-
sensitive adhesive, lamination,
vulcanization, and mechanical
fastening.

e Multiple watt density.

¢ Ideal for medical, food equip-
ment, aerospace, and appliance
applications.

e Design kits available.

Custom heaters for tremendous design flexibility.

_——

* UL-approved materials.

* Integrated ElImwood ther- \
mostats and sensors.

Call 1-800-ELMWOOD with

your size and configuration, or

for more information.

Elmwood
Sensors

Thermal Sensing and
Control Technology...Worldwide

Elmwood Sensors, 500 Narragansett Park Drive
Pawtucket, Rl 02861-4325, U.S.A.,
Tel: 401-727-1300, Fax: 401-728-5390

For More Information Write In No. 431
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resolution, but objects with which dates
are associated are positioned automati-
cally in their correct time-line positions in
the schedule area.

The schedule contains horizontal lines
across a page, with capabilities for mul-
tiple pages and for editing the number of
lines per page and the line grid. The text
on a line can be edited, and a line can
be moved in which case all objects on
the line move with the line. The time-line
display can be edited to plot any time
period in a variety of formats from fiscal
year to calendar year and from days to
years. Text objects and image objects
(rasterfiles and icons) can be created for
placement anywhere on the page.
Milestone event objects, each with a
single associated date (and optional text
and milestone symbol) and activity
objects with beginning and ending
dates (and an optional completion date)
include unique editing panels for enter-
ing data. A representation for schedule
slips is also provided with the capability
to automatically convert a milestone
event to a slip. A milestone schedule
can be saved to an ASCII file on anoth-
er computer to be read by XOPPS. The
program can also print a schedule to a
PostScript file. Dependencies between
objects can also be displayed on the
chart by use of precedence lines.

This program is not intended to
replace a commercial scheduling-and-
project-management program. Be-
cause XOPPS includes an ASCIl file
interface, it can be used in conjunction
with a project-management software
tool to produce schedules with an
appearance of quality.

XOPPS is written in C language and
runs under X/Motif on a Sun
Workstation with SunOS 4.0 or higher.
The memory required for use of XOPPS
consists of 375KB of main memory and
1.5MB of free disk space. XOPPS was
developed in 1992, based on the
Sunview version OPPS developed in
1990. XOPPS is a copyrighted work
with all copyright vested in NASA.

SunOS and Sunview are trademarks
of Sun Microsystems, Inc. Sun
Workstation is a registered trademark of
Sun Microsystems, Inc. X-Motif is a
trademark of Open Software Foundation
(OSF). PostScript is a trademark of
Adobe Systems Incorporated.

This program was written by Cassie
L. Mulnix and Kevin Miller of Caltech for
NASA's Jet Propulsion Laboratory.
For further information, write in 2 on
the TSP Request Card.

NPO-19348
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=== Data Acqul

VisuaLab 4.0™ provides over 100 point-
and-click tools for adding charts, graphs,
and statistical 3 I3

and analytical
functions to
Visual Basic™
data acquisi-
tion and con-
trol applica-
tions. $395. -
[Otech, Inc. (216)439-4

LAL AL 081

I ATl Th TR T TRET
|

Isolated Temperature & Volt Measurement | frodal 4| \ \ \
The 19" rack-mountable MultiScan/1200™ | Y P

scans thermocouples and volts at up to 147
channels/s and digitizes waveforms at up to
20 kHz. It accepts 24 voltage and tempera-
ture inputs, expands up to 744 channels,
and offers channel-to-channel isolation.
$2490. 1Otech, Inc. (216) 439-4091.

Write In No. 544

- K

optically isolated digital /0

/frequency inputs
1 signal-conditioning cards

Notebook PC-Based Data Acquisition

The 12- or 16-bit DaqBook™ portable data
acquisition systems for notebook and
desktop PCs are expandable up to 256 ana-
log inputs, and offer 10 ysec/char

ning and gain switching over all channels.
Operable via AC, DC, or battery power,
they include wide-ranging software sup-
port. From $695. IOtech, Inc. (216) 439-
4091. Write In No. 545 $ 5



@ Mechanics

Blending Velocities in Task Space in Computing Robot Motions

The computational burden is less than that of blending positions and orientations.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Blending of linear and angular veloci-
ties between sequential specified
points in task space constitutes the
theoretical basis of an improved
method of computing trajectories to be
followed by robotic manipulators. Task
space denotes the coordinate transfor-
mation describing the end-effector
position and orientation, as well as
other parameters (e.g., arm angle, base
position) which completely and conve-
niently describe the arm pose without
explicit specification of the joint angles.
A related prior method of generating
trajectories involves blending of posi-
tions and orientations between sequen-
tial points in task space. The present
improved method achieves the same
results as does the prior method, but
with much less computation.

In the improved method, a general-
ized velocity-vector-blending technique
provides a relatively simple, common
conceptual framework for blending lin-
ear, angular, and other parametric
velocities. The velocity vectors originate
from straight-line segments that con-
nect the specified task-space points,
which are called “via frames” and which
represent specified robot poses (see
figure). Linear-velocity-blending func-
tions can be chosen from among first-
order, third-order-polynomial, and
cycloidal options (see figure). Angular
velocities are blended by use of a first-
order approximation of a previous ori-
entation-matrix-blending formulation.
The angular-velocity approximation
yields a small residual error, which is
quantified and corrected.

The method was tested, both by
computer simulation and by experi-
mentation on a computer-controlled
seven-degree-of-freedom robot arm on
a one-degree-of-freedom platform, as
shown in simplified form in the figure.
Linear blending was arbitrarily chosen
for these tests. The results of both the
simulation and experiments showed
that the method offers both the relative
simplicity and the speed needed for
generation of robot-manipulator trajec-
tories in real time.

This work was done by Richard A.
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Volpe of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, write in 256 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 [see page 20]. Refer to
NPO-19022.
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A Sequence of Robotic Poses corresponds to a sequence of task-space points between
which velocity vectors are defined. The velocities are then blended according to the improved
method to obtain a smoothed trajectory. In this case, the robotic manipulator is commanded
to move through a sequence of specified poses to inspect a rectangular object.
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SPEED-TO-MARKET

HAMILTON BEACH/PROCTOR-SILEX, INC. SPEEDS
TIME-TO-MARKET WITH I-DEAS MASTER SERIES"™
ON HEWLETT-PACKARD WORKSTATIONS

Success in the consumer and commercial appliances business depends not
only on product quality, performance, and reliability. Time-to-market

is absolutely critical.

That’s why a leading manufacturer of toasters, blenders, coffeemakers,
and food processors relies on [-DEAS Master Series™ CAE/CAD/CAM
software from SDRC and workstations from Hewlett-Packard.

“Every day that we're late with a product, we’re missing an opportunity
for sales,” notes Greg Salyers, Manager of Design Engineering at Hamilton
Beach/Proctor-Silex, Inc. “We saw the acquisition of I-DEAS and HP as a
strategic move to help us remain competitive.”

Designer Mark Romandy
says that [-DEAS was chosen
“Because we needed a 3D
modeling pzl(-kagv that would
help us rapidly develop
products and speed up our time-
to-market. Our expectations
have been met. Most of our
products have been delivered on

time or ahead of schedule.”

“HP is positioned financially and technically as the leader in the
market,” Salyers said. “We wanted an open system hardware platform that
would support our existing systems as well as our future direction, and we
felt that HP was the right choice for our needs.

“Today, hardware and software are no longer an issue. Now, we're
concentrating on how we design and develop products.”

To find out more about I-DEAS Master Series, call 1-800-848-7372.

To find out more about Hewlett-Packard Company, call 1-800-637-7740 in

the U.S. or 1-800-387-3867 in Canada.

SDRC L (D JaRsot

For More Information Write In No. 513




open, or closed, at nearly any angle

#SOUTHCO

<A\~ Latches and Access Hardware

Adjustable Friction Hinges that hold doors

Adjustable
Compression
Hinges that
allow you to

consistently

compress a

door against Hinges for concealed
gasketing mounting

Positioning Hinges that hold doors open,
or closed, at a preset angle

How to hinge a door,
plus a lot more.

Southco can help satisfy your design requirements
with special-function hinges in a wide range of
materials, sizes, finishes, colors and styles.

In fact, there’s probably a standard Southco hinge
waiting to solve your need to e quickly remove
or replace a panel ¢ consistently compress
a panel against gasketing ¢ hold a panel
closed or open at nearly any angle
e provide free or dampened panel swing
« adjust speed of opening or closing ¢ hold
a panel closed or open to a preset position
* resist corrosion ¢ accommodate front

SOUTHCO, INC. ® 234 Brinton Lake Road e Concordville, PA 19331

TEL: 610-459-4000 © FAX: 610-358-6314

or concealed mounting ¢ present a
compact profile.

Southco designs and manufactures a full line of
latches and access hardware, offering value-added
support such as ¢ CAD drawing files of our
products to facilitate your design efforts
« factory-trained field sales and engineering
service — at your service! ¢ product
modifications and custom design expertise
to provide precisely the solutions you want.

For more information, or help with satisfying
your application needs, contact Southco.

da e Wl
Registered

Write in No. 529 Call me. I'm interested.
Write in No. 530 Send information only.




Calculating 3-D Crack-Opening Behavior of a Fatigue Crack

Predicted values of fatigue-crack-opening loads are close to experimental values.
Langley Research Center, Hampton, Virginia

A method for calculating through-the-
thickness, three-dimensional (3-D)
crack-opening behavior in standard
fatigue-crack-growth test specimens
has been devised. The method involves
determination of crack-opening loads
from crack-propagation data and finite-
element analyses.

The techniques used heretofore to
obtain through-the-thickness fatigue-
crack-opening behaviors are complex,
time-consuming, and entail consider-
able investment in equipment. The pre-
sent method was developed in an effort
to provide simpler means for obtaining
fatigue-crack-opening behavior loads.

The through-the-thickness variations

MIDDLE-CRACK TENSION SPECIMEN

=]

Domain Used for

in the crack-opening stress-intensity Equivalent-Domain- Crack Tip
factors are calculated from a combina- Integral Calculation

tion of experimental data and finite-ele- ~ |

ment computations. In this method, one oy

considers (1) the variation in the rate of ~
crack growth along a crack front, (2) the
relationship between the rate of crack

growth and the effective stress intensity  Figure 1. A Three-Dimensional Finite-Element Model is used to calculate crack-front stress-
factor, and (3) the variation in the three- intensity factors.

MAGNIFIED VIEW SHOWING
DETAIL OF CRACK TIP
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dimensional stress-intensity factor along
the crack front.

The variation in the rate of crack growth
is obtained by comparison of experimen-
tally observed changes in the crack front.
The relationship between the rate of
crack growth and the effective stress-
intensity factor is estimated from data
obtained in high-stress-ratio, constant-
load-amplitude  fatigue-crack-growth
tests. The variation in the three-dimen-
sional stress-intensity factor along the
crack front is computed as a function of
the stress ratio and a normalized crack-

opening load (among other quantities) by
use of a mathematical model developed
previously. The through-the-thickness
variation of the effective stress-intensity
factor for a specific crack observed
experimentally is computed by use of the
three-dimensional equivalent-domain-
integral method in conjunction with a
finite-element mathematical model of the
specimen and crack (see Figure 1).
Figure 2 presents examples of
through-the-thickness variations of nor-
malized fatigue-crack-opening stress-
intensity factors as calculated by the

method and as determined experimen-
tally by use of fatigue striations, near-tip
strain gauges, remote (back-face) strain
gauges, and remote displacement
gauges. In both examples, the values
calculated appear in reasonable agree-
ment with the experimental values.

This work was done by J. C. Newman,
Jr., of Langley Research Center, D. S.
Dawicke and K. N. Shivakumar of Analyt-
ical Services and Materials, Inc., and A. F.
Grandt, Jr., of Purdue University. For fur-
ther information, write in 199 on the
TSP Request Card. LAR-14598
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Figure 2. Theoretical and Experimental Values of through-the-thickness variations of fatigue-crack-opening stress-intensity factors for two

specimen types are shown.
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where else?
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can get IEEE 488 cards from a lot
laces. But now that it’s so easy to
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1 experienced engineer like Carol,
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HP-IB card is best for you. We can
also fax you specs or more informa-
tion on our entire line of HP-IB
products right away.

Prices start at just $395. So call
1-800-452-4844, Ext. 8909 today.
And introduce yourself to HP quality.
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* Machinery

Power Tool Would Require Little Bracing Torque
Torque would be reacted internally.

Lyndon B. Johnson Space Center, Houston, Texas

A proposed rotary power tool would
exert the required torque on the work-
piece (e.g., to turn a drill bit), but little or
no bracing torque would have to be
applied to the tool to keep it from turning
in the opposite direction. Instead, the
working torque would be neutralized by a
nearly equal and opposite torque gener-
ated within the tool. In comparison with a
conventional rotary power tool, the pro-
posed tool could be used more easily
underwater, on slippery surfaces, or in
other environments in which external
bracing of the tool against rotation is dif-
ficult or impossible. Another benefit of
this tool would be that it would minimize
armbreaking forces resulting from tool
binding (i.e., a drill bit suddenly becoming
locked up).

The tool would be based on the reac-
tion-wheel, or countertorque, concept.

The tool drive would contain electric
motors, the frames of which would be
connected back to back. The frames
could be isolated (with respect to torque)
from the tool housing. The armatures of
the two motors would be made to turn in
opposite directions. One of the motors
would turn the tool bit; the other would
turn a reaction wheel, possibly through
an electromagnetic clutch (depending
upon the application). In the case of
high-torque applications, power could
be applied to the countertorque
motor/clutch assembly. Control circuitry
would sense the torque load on the tool-
bit motor and would vary the current
applied to the reaction-wheel motor so
that an equal but opposite torque would
be applied to the reaction wheel.

When the tool-bit motor is stripped-
upon connection of drilling, for example-

-the kinetic energy accumulated in the
reaction wheel and its motor to coast to
a stop via bearing friction. The torque
transmitted to the operator's hand or
tool-holding jig via bearing friction would
be low. Alternatively, the reaction-wheel
motor could be connected to a static
load (in effect, a brake) that would absorb
the kinetic energy faster, albeit at the
price of somewhat greater residual
torque that would have to be reacted via
the tool bit or the operator's hand--but
over a longer period of time, rather than
instantaneously as in the case of a sud-
den bind.

This work was done by Joseph H.
Canniff of Lockheed Engineering &
Sciences Co. for Johnson Space
Center. For further information, write in
93 on the TSP Request Card.
MSC-22153

Heat-Transfer Head for Stirling-Cycle Machine

Two heat acceptors are replaced by the single heat-transfer head.

Lewis Research Center, Cleveland, Ohio

A new common heat-transfer head for
the two cylinders of an opposed-cylin-
der Stirling-cycle machine performs the
function formerly performed by two heat
acceptors—one for each cycle. (The heat
acceptors are heat exchangers that are
described more fully below.) The heat-
transfer head was invented to simplify
the structure of the machine and to
increase the efficiency of operation by
(1) reducing the resistance to the flow of
the working gas and/or (2) increasing
the transfer of heat to or from the work-
ing gas during its flow between the
compression and expansion spaces of
the machine.

The Stirling-cycle machine can be a
heat engine or a heat pump. The upper
part of the figure gives a simplified view
of one cylinder of such a machine in an
older configuration. A displacer (essen-
tially a piston) slides axially back and
forth past a clearance seal in the cylin-
der, interacting with the working gas in
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the compression and expansion
spaces. As the working gas flows
between the compression and expan-
sion spaces of the cylinder, it passed
through three heat exchangers: the heat
acceptor, the regenerator, and the heat
rejector. Within the heat acceptor, the
working gas exchanges substantial
amounts of heat with an external
source. Typically, the heat acceptor con-
tains elongated, U-shaped tubes or
other heat-transfer passages in which
the direction of flow of the working gas
must be turned 180° this turning
increases the resistance to flow.

The lower part of the figure gives a
simplified view of an opposed-piston
Stirling-cycle machine with a common
heat-transfer head. In this machine, the
working gas is not made to flow
between the compression and expan-
sion spaces of the same cylinder, and it
is not necessary to turn the flow 180° in
a heat exchanger. Instead, the common

heat-transfer head is configured to take
advantage of the opposed motion of the
displacers (simultaneous compression
or expansion in both cylinders). The gas
flows between the expansion space of
one cylinder and the compression
space of the other cylinder along a path
that includes crossflow heater tubes or
passages in the heat-transfer head.

In comparison with the U-shaped
heater tubes or passages in a heat
acceptor, the crossflow heater tubes or
passages are more nearly straight, with
consequent lower resistance to flow.
Compared to another opposed-cylinder
design that uses straight tubes for the
heat acceptors, the crossflow arrange-
ment reduces the dead volume in the
expansion space, vyielding improved
specific power. Although the crossflow
paths are shown as simple tubes in the
figure, the passages in a practical and
efficient design would more likely be
incorporated into and between integral
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structural ribs, and the rubs and pas-
sages would be optimized with respect
to considerations of flow, transfer of
heat, and the size and shape of the

cylinders.

This work was done by Stuart G.
Emigh, Gregory A. Lehmann, and Jack
E. Noble of Stirling Technology Co. for

the Power Technology Division of Lewis
Research Center. For further informa-
tion, write in 52 on the TSP Request
Card. LEW-15270.
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The Heat-Transfer Head is common to both cylinders and replaces the heat acceptors (one for each cylinder) of the older configuration.
The heat-transfer head offers less resistance to the flows of heat and of working gas than do the previous heat acceptors.
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Supersonic-Spray Cleaner

A reduced amount of liquid is needed.
John F. Kennedy Space Center, Florida

A spraying system for cleaning me-
chanical components uses less liquid
than does a typical older spray cleaner of
similar capability, and it operates at pres-
sures significantly lower than those of
conventional pressure washers. The
lower consumption of liquid helps allevi-
ate the problem of safe disposal. The lig-
uid currently being used at KSC is water.
This system was designed to replace the
chlorofluorocarbon (CFC) solvent-based
cleaning and cleanliness verification
methods. (CFC’s contribute to the deple-
tion of ozone from the stratosphere.)

The system imparts a supersonic
velocity to a stream of liquid, giving the
liquid droplets sufficient kinetic energy to

dislodge contaminants and carry them Soerioply
off. The system consists of a spray Throttling
Valve

head containing supersonic converg-
ing/diverging nozzles, a source of gas at
regulated pressure, a pressurized liquid
tank, and various hoses, fittings, valves,
and gauges (see figure). The gas flows

Gas-Pressure
Regulator

Liquid-Supply
Pressure Gauge

Liquid- Converging/Diverging
Supply Supersonic Spray
Tank Nozzle (One of Several)
Liquid-Supply Liquid-Inlet

Shutoff Valve Orifice

l
4%

Gas-Supply
Pressure Gauge

N

NG

Spray Head

through a throttling valve to the spray
head. The liquid is injected into the flow-

The Liquid/Gas Mixture Is Accelerated in the Nozzles to supersonic velocity. The gas
serves as a pressurizing agent for the liquid tank and as a transport medium for the liquid.
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ing gas through an orifice in the spray
head just upstream of the nozzles.
The liquid/gas mixture enters the noz-
zles, wherein the flow accelerates it to
supersonic speed. The supersonic flow
from the nozzle is directed at the part to
be cleaned.

The parameters of the nozzles can be
set so that any of a large variety of liquids
and gases can be combined in the de-
sired ratio and rate of flow. The size and

number of nozzles can be varied so that
the system can be built in configurations
that range from small hand-held spray
heads to large multinozzle cleaners.

The system can also be used to verify
that a part has been adequately cleaned.
Runoff liquid from the spray directed at
the part is collected. The liquid is ana-
lyzed for the presence of contaminants,
and the part is recleaned if necessary.

This work was done by Raoul E. B.

Caimi, Feng-Nan Lin, and Eric A.
Thaxton of Kennedy Space Center.
For further information, write in 82 on
the TSP Request Card.

This invention is owned by NASA, and
a patent application has been filed.
Inquiries concerning nonexclusive or ex-
clusive license for its commercial de-
velopment should be addressed to the
Patent Counsel, Kennedy Space Center
[see page 20]. Refer to KSC-11641.

Stabilizing Gas Bearings in Free-Piston Machines
Grooves and drain galleries reduce undesired dynamic loads.
Lewis Research Center, Cleveland, Ohio

Gas bearings and clearance seals
between pistons and cylinders in free-pis-
ton machines can be designed to reduce
undesired dynamic forces and torques on
the pistons, gas bearings, and cylinders.
This stabilization can be achieved without
significant adverse effect on performance.

Free pistons with gas bearings are used
in long-life Stirling-cycle engines. Each
free piston reciprocates between a gas
spring at one end and the working gas of
the engine at the other end. The gas
spring provides reactive flow of power (in
mechanical analogy to reactive flow of
power in electrical capacitors and induc-
tors), alternately accelerating and deceler-
ating the piston. The clearance seal iso-
lates the pressure waves in the gas spring
from the pressure waves in the working
space. Because these pressure waves
are not in phase with each other, they give
rise to time-varying gradients of pressure
across and along the seal. The gradients
give rise to leakage (with consequent loss
of power) and to unwanted time-varying
forces and torques.

The undesired dynamic loads are pro-
portional to the length of the seal, while
the leakage power loss is inversely pro-
portional to the length. Therefore, in prior
designs, it was necessary to sacrifice effi-
ciency to reduce undesired dynamic
loads, or vice versa. The improved
design provides stabilization without sig-
nificant reduction in the length of the seal
and, therefore, without significant
increase in leakage and the consequent
reduction of efficiency.

One principal feature of the improved
design is the incorporation of circumfer-
ential grooves into either the inner wall of
the cylinder or the mating surface of the
piston (see figure). The optimum number
and dimensions of the grooves depend
on other geometric parameters of the
gas bearings/seals, the frequency of rec-
iprocation, and the magnitude of the
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pressure gradient. In general, the groove
should be large enough to ensure uni-
form pressure around its circumference,
yet small enough that the time needed to
fill it is a small fraction of the period of
reciprocation.

To suppress angular oscillations of the
piston and cylinder relative to each other,
it is necessary to isolate the pressure
waves in the working gas and in the gas

spring from the gas bearing. For this
purpose, drain galleries are provided.
These galleries connect some of the
grooves with a mean-pressure volume in
the engine.

This work was done by Manmohan
Dhar of Mechanical Technology, Inc., for
Lewis Research Center. For further
information, write in 27 on the TSP
Request Card. LEW-15122
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IFew things leave as distinct
and permanent an impression
as laser marking.

Laser marking technology
is making its indelible mark
on thousands of applications
worldwide—from intricate
artwork on sporting goods, to
miniscule part numbers on
semiconductors.

But the benefits are more
than skin deep.

For example, laser mark-
ing can save thousands of dol-
lars in long-term operating
costs, as it requires no con-
sumables whatsoever.

Laser marking eliminates the costs
and concerns of environmental issues
associated with ink jet printing, as it's
100% free of hazardous chemicals.

And, with its instant, computer-
based retooling, laser marking is ideal
for low-volume production runs, indi-
vidual one-off jobs, and updating serial
numbers, batch codes, and date infor-
mation.

Photo by Claude Coirault, Tahiti

But the news gets even better.

Synrad is now making laser mark-
ing surprisingly affordable and easy to
integrate. That's right. Now just about
anyone can enjoy the benefits of laser
marking—no matter how large or small
the application.

It begins with our revolutionary SH
Series scanning head* which delivers
superior performance at surprisingly
low cost. You get a fully integrated scan
head containing all electronics, inter-
changeable beam expanders, and
focusing optics for YAG and CO, lasers.
There’s nothing else to buy. Our large
15-mm exit pupil provides excellent
field-to-spot-size ratios. And, diffrac-
tion-limited, flat-field [0 lenses are
available in a variety of focal lengths,

Our international representatives

providing up to 300-mm
square fields or spot sizes
under 25 pm. All this while
writing up to 100 characters
per second.

Next, there's the fact that
Synrad is the world's leading
manufacturer of sealed CO,
lasers. From one watt to 250
watts, no one can better sup-
port your CO, laser needs.

And most important,

we're ready to bend over
backwards to help you put the pieces
together. From suggesting the best soft-
ware and laser suppliers, to providing
tips on final integration, we'll do all we
can to ensure you get the best system
at the lowest possible cost.

So discover more about how laser
marking can do wonders for your com-
petitive outlook. Call Synrad today at
1-800-SYNRAD-1.

SYNRAD

11816 North Creek Parkway N.
Bothell, Washington 98011-8205
(206) 483-6100 Fax (206) 485-4882
[i-mail: synrad@aol.com
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Improved Screw-Thread Lock
A hammer blow activates the locking.
NASA’s Jet Propulsion Laboratory, Pasadena, California

An improved screw-thread lock can
be engaged after the screw has been
tightened in a nut or other mating
threaded part. Unlike some other screw-
thread locks, this one does not resist
engagement of the screw with the mat-
ing threaded part without resistance
from a mating part. In addition, this
device does not release contaminating
material during tightening of the screw,
unlike some other screw thread locks
that are sheared during tightening and
thus release contaminating particles.

The improved screw-thread lock
(see figure) includes a pellet of soft mate-
rial that is encased in the screw and re-
tained by a pin (see figure). The pin pro-
trudes from the screw head. A hammer
blow to the pin compresses the pellet
and extrudes it through a hole into a slot
on the shank of the screw, where the
deformed pellet material locks the mat-

ing threads together. The pellet and slot
can be positioned to lock the screw
thread in a threaded hole or in a nut.

This work was done by Malcolm
MacMartin of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, write in 87 on the TSP Re-
quest 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

(M/S 79-23)

Jet Propulsion Laboratory

4800 Oak Grove Drive

Pasadena, CA 91109

Refer to NPO-19010, volume and
number of this NASA Tech Briefs issue,
and the page number.
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Screen-Cage lon Plating of Silver on Polycrystalline Alumina
The silver adheres tenaciously and reduces friction.
Lewis Research Center, Cleveland, Ohio

A screen-cage ion-plating (SCIP)
process applies silver films to complex-
ly shaped substrates of polycrystalline
alumina. The SCIP process is a modi-
fied version of an older direct ion-plating
process that yields adherent coats on
electrically conductive materials, but not
on electrically nonconductive materials
like alumina and other ceramics. The
success of SCIP holds promise for
applying lubricating soft metallic films to
high-temperature ceramic components
of advanced combustion engines to
reduce friction and wear. Other potential
uses for SCIP include coating sub-
strates with metal for protection against
corrosion, depositing electrical conduc-
tors on dielectric substrates, making
optically reflective or electrically or ther-
mally conductive surface layers, and
applying decorative metal coats to
ceramic trophies or sculptures.

The effectiveness of ion plating is
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attributed to its ability to provide a high-
energy flux of ions and energetic neutral
atoms that contribute to the adherence
and desirable microstructure of the
deposited film. An important additional
advantage of this technique is known in
the industry as “throwing power” — the
ability to deposit a substantial amount
of the anode material all over the sub-
strate, including places that are not on
direct lines of sight from the anode.
The older ion-plating process involves
a diode configuration in which the sub-
strate to be coated is connected as the
cathode in a high-voltage dc circuit,
while an evaporative source of material
to be deposited is connected as the
anode. Prior to deposition, the deposi-
tion chamber is evacuated, then back-
filled with argon. Typical deposition con-
ditions are: potential between -2 and
-5 kV applied to the substrate, argon
pressure between 10 and 20 mtorr

(between 1.3 and 2.7 Pa), and current
density between 0.2 and 0.5 mA/cm?2.
Because the substrate must be con-
ductive to act as the cathode, this
process does not work for nonconduc-
tive substrates.

The present screen-cage version of
the ion-plating process also involves a
diode configuration, but in this case, the
substrate (alumina or another electrical-
ly nonconductive material) is surround-
ed by a 20-mesh silver screen cage, to
which the negative potential is applied.
The cage functions as both an electron-
ic grid and as part of a cathode. A com-
bination of effects maintains zero elec-
tric field between the screen cage and
the substrate: lons pass through the
grid to the substrate, while secondary
electrons emitted by the grid neutralize
the positive charge that the incident
ions contribute to the surface of the
substrate. The gap between the screen

NASA Tech Biriefs, February 1995




Mathematics and
Information Sciences

Reducing Truncation Error in Integer Processing
Signs of contributing errors are changed on alternate occurrences.
NASA’s Jet Propulsion Laboratory, Pasadena, California

An improved method of rounding off
(that is, truncation of least-significant bits)
in integer processing of data has been
devised. The method provides for the
reduction, to an extremely low value, of
the numerical bias that would otherwise
be generated by accumulation of trunca-
tion errors from many arithmetic opera-
tions. The method was devised for use in
integer signal processing, in which rescal-
ing and truncation are usually performed
to reduce the number of bits, which
typically builds up in a sequence of oper-
ations. The essence of this method is to
alternate the direction of roundoff (+,
then —) on alternate occurrences of trun-
cated values that contribute to the bias.

As an example, a 2's complement 5-bit
integer is commonly reduced to a 3-bit
integer by first adding the binary number
10 and truncating the last 2 bits. The
possible errors in this truncation are —1/4,
0, and +1/2 relative to the retained inte-
gers. These truncation errors average to
zero when a properly distributed popula-
tion of integers is processed and com-
bined, except for the error of —1/2. For
example, errors of +1/4 and —1/4 cancel
each other if the distribution of processed
errors is symmetrical about zero, but
errors of —1/2 cannot be combined with
errors of +1/2 to average out to zero
because there are no errors of +1/2 in this
scheme. Instead, errors of —1/2 combine
to contribute a bias of -Nb/2, where Nb

is the number of occurrences of —1/2 in
the processed population.

In the improved method, digital logic
checks every input value to determine
whether it can cause a truncation error of
—1/2. Each time it encounters such a
value, it changes the direction of roundoff
to opposite the direction of roundoff on
the most recent previous occurrence of
such a value. Thus, errors of —-1/2
become -1/2, +1/2, -1/2, and so forth.
This forces the overall bias to be either O
or —1/2, depending on whether the string
contains an even or odd number of
—1/2's. Thus, this method reduces the
cumulative truncation error from Nb/2 to
0 or 1/2. Since Nb can be a very large
number, this reduction can be enormous.
Further, when it is known that Nb is odd,
the bias of 1/2 will be known and can
be removed.

In one of several possible implementa-
tions of the method (see figure), the cur-

rent toggle value determines whether an
increment of 011---1 or 100:+-0 is to be
added to the current incoming integer
which has N most significant bits and T
least significant bits (LSBs). After the addi-
tion, the fractional part, the T LSBs, is
compared with either 111---1 or 000---0,
again according to the current toggle
value to determine whether the incoming
fractional part had been 100---0. If it was,
the toggle is flipped and the alternate
increment is applied to all subsequent
integers until the next time that the LSBs
are equal to 100:--0. With this scheme,
the —1/2’s are alternately rounded up and
down, while all other fractional values are
rounded in the conventional manner.

This work was done by J. Brooks
Thomas, Jeffrey B. Berner, and J. Scott
Graham of NASA’s Jet Propulsion
Laboratory. For further information,
write in 291 on the TSP Request Card.
NPO-18968
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Computer-Assisted Search of Large Textual Data Bases

Retrieved paragraphs are ranked according to measures
based on semantics and relevance.

John F. Kennedy Space Center, Florida

“QA” denotes a high-speed computer
system for searching diverse collections
of documents including (but not limited
to) technical reference manuals, legal
documents, medical documents, news
releases, and patents. QA incorporates
both previously available and emerging
information-retrieval technology to help a
user intelligently and rapidly locate info-
mation found in large textual data bases.
This technology includes (1) provision for
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inquiries in natural language; (2) statistical
ranking of retrieved information; (3) an
artificial-intelligence implementation of
semantics, in which “surface level”
knowledge found in text is used to
improve the ranking of retrieved informa-
tion; and (4) relevance feedback, in which
the user’s judgements of the relevance
of some retrieved documents are used
automatically to modify the search for
further information.

A typical commercially available
text-retrieval system uses a Boolean
combination of key words supplied by the
user to retrieve documents. In
general, such a system does not rank the
retrieved documents in any order
of importance, so that the user needs
to examine every retrieved document: this
is a serious shortcoming when large col-
lections of documents are searched. QA,
however, does perform such a ranking.

NASA Tech Briefs, February 1995




cage and the surface of the substrate is critical and generally
should be kept small (of the order of 6 mm). If the gap is too
large, a hollow-cathode discharge occurs and causes exces-
sive heating.

In one experiment to demonstrate the process, a fim of sil-
ver 2 to 3 um thick was deposited on an alumina substrate
under the following conditions: effective cathode area 48 cm?,
potential of -3 kV applied to the screen cage, and current
80 mA. Because of the high throwing power, all exposed alu-

&

Ceramic Substrate

Vacuum Chamber — Ag Cage at -3kV

Argon Glow ——— T T T-—-——-——Ionizing Ag
Discharge + + +
Ag Ag Ag
~——Argon at 20 mtorr
Ag Ad Ag — Evaporating Ag

Boat (Evaporative —————\ T T 7
Source of Ag)

Figure 1. Screen-Cage lon Plating is a cost-effective technique that
offers high throwing power for deposition of adherent metal films on
ceramic substrates.

mina surfaces were coated with silver. Even the surface facing
away from the source was coated to a thickness about 1/3 that
of the surface facing the source.

To assess the adherence and the lubricating ability of films
deposited by this process, scratch tests and scratch-test mea-
surements of friction were performed with a commercial
scratch tester with a diamond stylus on both uncoated and sil-
ver-coated alumina surfaces. Subsequent analyses of the
scratches by scanning electron microscopy and x-ray energy-
dispersive spectrometry showed that significant amounts of sil-
ver remained, even where high stylus loads gave rise to severe
crack patterns in the alumina. Coefficients of friction were lower
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backlighting

?u
1o Use - requires
“0r no maintenance
v Cost — economical

or write:
1-800-969-5483
16) 243-8402

Lumitex, Inc., all rights reserved

Lumitex;, Inc.
Creators of Woven Light
8443 Dow Circle

For More Information Write In No. 412

Figure 2. Coefficients of Friction of silver-coated and uncoated alu-
mina surfaces were measured in constant-load scratch tests.

on the alumina-coated surfaces, as shown in Figure 2.

This work was done by Talivaldis Spalvins, Harold E. Sliney,
and Daniel L. Deadmore of Lewis Research Center. For fur-
ther information, write in 236 on the TSP Request Card.
LEW-15858
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RS-232
The Ultimate Software

Data Acquisition and Control of RS-232
Instruments in Windows™ with LabCom™

e Virtual instrument panels

e Powerful real-time graphics and analysis

e Diagnostic tools for interactive control and
examination of RS-232 data stream

e No programming required to separate data,
headers and trailers

e Binary & ASCII Formats, single or multiple
records

The LabCom Module for Origin™ provides a single environment
for acquisition, analysis, and graphics for RS-232 applications.
Also supported are IEEE 488 and plug-in acquisition cards through
the LabGPIB & LabData Modules. Origin is recognized world
wide as the premiere technical graphics & data analysis software

for Windows.
Call (8001 969-7720

TEL 413-586-2013 @ FAX 413-585-0126

Microcal Software, Inc

M g 1 One Roundhouse Plaza
lC roca Northampton, MA 01060 USA
For More Information Write In No. 430 79




Now meet
the rest of
the Jandel
family,

Jandel Scientific offers a full line
of software tools to enhance and
improve the quality of your
research. As with SigmaPlot,
Jandel Scientific stands behind
all of its products with one of the
strongest technical support teams
in the industry, extensive
documentation, and a 90 day
money-back guarantee. Call us
today for a FREE brochure on
any of our products.

For information or orders call

1-800-4-JANDEL

(toll-free in the U.S.)

Jandel

SCIENTIFIC SOFTWARE

2591 Kerner Blvd. San Rafael, CA 94901
800-874-1888 (toll-free in U.S.)
415-453-6700 FAX:415-453-7769

In Europe: Schimmelbuschstr. 25
40699 Erkrath Germany
+2104 / 360°8 FAX +2104 /33110

For International Dealers call: Austrialia 2 958 2688,

Denmark 45 42150544, Canada 519 767 1061,

France 059 03755, Japan 3 3590 2311,

Switzerland 61712 16 16, Taiwan 2 785 3202, UK 0800 894982

*Image courtesy of Drs. Marder & Morgan, Radiobiology Laboratory,
UC San Francisco. Windows is a trademark of Microsoft Corp.

You Know
SigmaPlot...

SCIENTIFIC GRAPHING SOFTWARE

Jandel SigmaPlot is available for Windows! For the first time, get
SigmaPlot power with Windows ease of use. With extensive scien-
tific features, advanced data analysis and extraordinary control,
SigmaPlot creates outstanding publication quality graphs for
reports, poster sessions, and presentations. SigmaPlot, the product
scientists use more than any other to prepare their graphs for pub-
lication. Join the 45,000 scientists who are already using SigmaPlot
to help publish papers in hundreds of technical journals.

DOS, Windows, Mac

NEW 2.0
VERSION

For More Information Write In No. 602

NOW ON

SigmaStat- WIBONS

STATISTICAL SOFTWARE

You don’t have to be a statistician to use Jandel SigmaStat.
SigmaStat helps select procedures, check assumptions and
even handles missing data. Procedures include t-tests,
ANOVA, rates and proportions, nonparametric methods,
regression and more.

For More Information Write In No. 603

DOS, Windows

TableCurve~
AUTOMATED CURVE FITTING SOFTWARE

Jandel TableCurve fits and ranks thousands of
equations to your data in a single rapid step. Use
WINI]UWS TableCurve 2D to fit and graph X-Y data and NEW

TableCurve 3D (pictured here) for automatic surface
fitting of X-Y-Z data sets. DOS, Windows
For More Information Write In No. 604

PeakFit~

CHROMATOGRAPHY /SPECTROSCOPY
ANALYSIS SOFTWARE

Using sophisticated non-linear curve fitting
techniques, Jandel PeakFit accurately separates,
quantifies and analyzes peaks in unresolved peak
data. Analysis includes peak information, parame-
ter values, fit statistics and more. DOS .

For More Infol Write In No 605 —

SigmaScan~/Image

Measure scanned or saved images displayed on your
PC monitor. Measure length, slope, area, perimeter,
intensity, and much more. Simply click endpoints or
trace objects with your mouse and your data
appears in the built-in SigmaPlot/Windows compatible

worksheet.* Windows
For More Information Write In No. 606

Mocha~ NOW ON

IMAGE ANALYSIS SOFTWARE WINI]"WS

Jandel Mocha brings automated image analysis
capabilities to your PC. A highly integrated solution,
Mocha offers powerful image processing and mea-
surement, a scientific data worksheet, transform
language, plotting, and image annotation tools in
one easy-to-use Windows package. Windows
For More Information Write In No. 607




The natural-language-inquiry and statis-
tical-ranking features are not unique to QA
but they are rare; they are available in only
three commercial text-retrieval systems in
the United States. The semantic and rele-
vance-feedback features are not available
in a commercial text-retrieval system and
have been shown to yield a substantial
improvement in the statistical ranking of
retrieved information.

The semantic feature involves mathe-
matical modeling on the basis of two
concepts useful in talking informally about
the real world: the concept of entities
(objects in the real world) and the concept
of relationships among entities (actions in
the real world). Both entities and relation-
ships have attributes. There are basic or
surface-level attributes for entities in the
real world. Examples of surface-level
attributes of entities include size, color, and
position. Words for these properties are
prevalent in natural language. In linguistic
research, the basic properties of relation-
ships are called, variously, “thematic roles,”
“semantic roles,” and “case roles.”
Thematic roles are prevalent in natural lan-
guage; they reveal how sentence phrases
and clauses are semantically related to the
verbs in a sentence.

The primary goal of the QA System has
been to detect thematic and attribute
information (see table) contained in natur-
al-language queries and documents.
When such information is present, QA
uses it to help find the paragraph most rel-
evant to a query. The use of this informa-
tion involves quantification of the relevance
of the paragraph in terms of a similarity
measure. Statistical weights used in com-
puting the similarity measure are refated to
the frequency with which the words in the
query trigger thematic roles and/or attrib-
utes as found in the Semantic Lexicon.

The relevance-feedback feature over-
comes one of the deficiencies of commer-
cial information-retrieval systems; namely
that often, a system of this type retrieves
only a few relevant documents if the
search process is based solely on the ini-
tial query. This indicates a need to modify
the query to improve performance; thus, it
is customary to search the relevant docu-
ments iteratively in a sequence of partial
searches. In other words, the results of
earlier searches are used as feedback
information to improve the results of later
searches. In QA, this feedback concept is
formalized and automated. QA asks the
user to judge the relevance of some of the
retrieved documents. The resulting data
on relevance are used to formulate an
improved query and recalculate the simi-
larities between documents and the query
in order to re-rank the documents.

This work was done by James R.
Diriscoll of the University of Central Florida

82

Thematic-Role Categories Attribute Categories
for Kennedy Space Center. For further : - -
information, write in 22 on the TSP ccompaniment 2
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21X enlargement at 570 TV(H) lines

1

Elmo
ME411E
remote-head
micro CCD

For machine vision, Q.C., NDT,
broadcast, laboratory and uses
we haven't even thought of yet.

The EImo ME411E, our newest
remote-head B&W CCD camera, de-
livers 570 TV(H) lines of resolution in
a 17mm diameter, one-half ounce
size package, ideal for machine vi-
sion, QC, NDT, laboratory, and other
limited space applications.

Elmo offers a wide variety of micro
lenses including the exclusive 16mm
and 25mm macro lenses that pro-
duce magnifications of nearly 200X.

Built-in features include one pulse
trigger function (simultaneous ran-
dom reset), restart/reset operating
modes for computerized image proc-
essing; electronic shuttering; odd or
even field designation; gamma
changeover; field/frame modes;
interlace and non-interlace modes
and more.

COMPLETE LINE OF
ELMO MICROS

Elmo offers three other micro sized
color CCD cameras including the
remarkable UN411E with
a diameter of only 12mm.
Discuss your needs with
our experts - (never a
recorded voice) - by
calling: 1-800-947-ELMO

ELNMIDY.

Corp.

70 New Hyde Park Rd., New Hyde Park, NY 11040
Phone: (516) 775-3200 Fax: (516) 775-3297

44 West Drive, Brampton, Ontario, Canada L6T 3T6
Phone: (905) 453-7880 Fax: (905) 453-2391

For More Information Write In No. 414




Books &
Reports

These reports, studies, and
handbooks are available from NASA
as Technical Support Packages
(TSPs) when a Request Card
number is cited; otherwise they are
available from the NASA Center for
Aerospace Information.

Physical Sciences

Computing Microwave
Force via Boltzmann-
Ehrenfest Principle

A report describes the first application
of the Boltzmann-Ehrenfest principle of
adiabatic invariance to prediction of the
restoring force on a dielectric sphere lev-
itated in a microwave resonant cavity in
the absence of gravitation.

The report describes an experiment in
which a microbalance was used to mea-

sure the restoring force of an alumina
sphere supported on a thin quartz rod in
a single-resonant-mode microwave field
in a cylindrical cavity. The restoring force
computed as a function of position by
use of the equation agreed very well with
the measured force.

This work was done by Colleen C.
McDonough, Martin B. Barmatz, and
Henry W. Jackson of Caltech for NASA’s
Jet Propulsion Laboratory. 7o obtain a
copy of the report, “Application of the
Boltzmann-Ehrenfest Principle to Con-
tainerless Microwave Processing in
Microgravity,” write in 88 on the TSP
Request Card. NPO-19220

# Machinery

Magnetic Bearings for
Turbopumps

A report presents a study of the feasi-
bility of magnetic bearings in turbopumps.
The liquid-oxygen turbopump in the
space shuttle main engine was selected
for the study. Other potential applications
include manned and unmanned space-
craft, gas turbines for commercial and

military aircraft, turbomachinery for petro-
chemical and gas operations, suspension
systems for precise machinery, and pre-
cise pointing and tracking systems. In the
past, magnetic bearings and their con-
trols have been too large, heavy, and
power consuming to be considered seri-
ously for most applications. That view has
now been changed by technological ad-
vances in permanent-magnet and ferro-
magnetic materials, rotor-position sen-
sors, and compact electronic circuits for
controlling electromagnets.In the study,
candidate magnetic-bearing systems
were evaluated on the basis of the need
to minimize size, weight, and power. The
preferred approach was found to involve
a homopolar, permanent-magnet bias,
electromagnet-control magnetic bearing.

This work was done by Crawford R.
Meeks and Antonio J. Mendez of
Avcon-Advanced Controls Technology,
Inc., for Marshall Space Flight Center.
To obtain a copy of the report, “Innovative
Magnetic Suspension Technology for
Space Shuttle Main Engine Turbopumps,”
write in 42 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 [see page
20]. Refer to MFS-27304.

Technology 2004 Conference Proceedings

Biotechnology
CAD/CAE

If you missed the show, here’s your chance to discover
the best new technoloEy generated by U.S. government
labs. Papers spotlight 1

Computers & Software

Robotics & Al Power & Ener

Video & Imagin Electronics
Medical TechnoFogy Test & Measurement
Photonics Virtual Reality/Simulation

inventions with commercial
promise in:

Environmental Technology
Advanced Manufacturing
Materials Science

Servometer Flexible Shaft Couplings are indispensable
for Robotic, Encoder, Resolver, Computer and
Servomotor applications, offering flexibility, extreme
sensitivity and accuracy.

* Zero cyclic speed variation during 360° rotation

¢ Zero backlash

* Very low elastic wind-up

* Low side thrust on bearings
* Set screw or split hubs available

SCRVOMETER

501 Little Falls Road
Cedar Grove, NJ 07009

Call for
free brochure

Fax (USA): (800) 785-0756
Fax: (201) 785-0756
Tel: (201) 785-4630

86 For More Information Write In No. 435

Only $95.00 while supplies last

Ship me ___ set(s) of the Technology 2004 official proceedings at
$95.00 each postage-paid. (NY residents add sales tax to total.

Total enclosed: $

City/Statel Zip;. R N e ey s e g by Rt SRS ot
Phone/NOy, (i@ et o sherers o BaxINoO SR e ¢ el s

Mail with check or money order ro:
Technology Utilization Foundation
317 Madison Avenue, Suite 921
New York, NY 10017

For credit card orders call 1-800-944-NASA.
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Life Sciences

y

Finger-Circumference-Measuring Device
An easy-to-use device provides data on volumetric changes.
Lyndon B. Johnson Space Center, Houston, Texas

An easy-to-use device quickly mea-
sures the circumference of a finger (includ-
ing the thumb) on a human hand. The
device was designed to facilitate measure-
ments at various points along the fingers
to obtain data for studies of volumetric
changes of the fingers in microgravity. It
could also be used in normal Earth gravi-
ty; for example, in studies of growth and in
assessment of diseases like arthritis.

The device includes a polytetrafluo-
roethylene band 1/8 in. (about 3 mm)
wide, bent into a loop and attached to a
tab that slides on a scale graduated in
millimeters (see figure). The sliding tab is
preloaded with a constant-force tension
spring, which pulls the tab toward closure
of the loop. Holding the device with either
hand, the user pushes the sliding tab to
expand against the spring force to
expand the loop, then slips the band over
a finger and holds it at a point of interest

such as a joint or the midlength position
along a phalange. The user then releases
the sliding tab, allowing the spring to pull
the band snugly around the finger. The
position of the sliding tab on the scale
indicates the circumference of the finger
in milimeters.

The spring is made of stainless steel
and exerts a constant force of 3 oz (about
0.8 N) on the band. The spring is wound
on a polytetrafluoroethylene spool at
the end of the scale opposite the band.
The sliding tab is made of DelrinTM
acetal polymer. The materials of each part

were selected for resistance to wear, low
friction, nonflammability, flexibility, and/-
or elasticity, as applicable. The device
weighs only 4 oz (has a mass of about
110 grams).

For calibration, the band is tightened
around a rod machined to a known diam-
eter or circumference. The marker on the
sliding tab is then adjusted to obtain the
correct reading.

This work was done by Suy Le of
Johnson Space Center. For further
information, write in 160 on the TSP
Request Card. MSC-22332

Adjustable Marker
Sliding Tab

Constant-Force Spring

This Device Measures
Circumference of a
finger or other round
object placed in the
loop. Measurements
are accurate to within
+1 mm in a range of
25 to 100 mm.

Visualize your Excel and 123
data 1ilze never before.

Fast 2-D and 3-D
charts from any
Windows data.

spreadsheet users to offer fast, flexible

charting and visual analysis of business,

statistical and technical information.

Harvard ChartXL™ for Windows

offers a dazzling Graph Gallery of
183 chart types, including bubble

plots, error bars and 3-D contour
plots. The program also provides

a complete set of design tools,
including drawing,

7 rotation and 3-D

perspectives.

Certified by Microsoft for

7" full compatibility with the

entire MS Office suite of
~ Compatible

software, new Harvard ChartXL

is an excellent complement to any
Windows package.

Once again, the makers of award- i X ;
e S Crnhiy )J_/} {J} « . For more information,
winning Harvard Graphics bring g 4 Rl

AV

you the innovative graphics software Call
! .7 1800-3368360

ChartXL  Oper 431

Compoling chart rom crcl s

you really want. This amazingly easy
to use charting tool removes the

traditional boundaries faced by
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. Develop f 08 Futur

Design, validate, prototype. The process -'a;?(&
the pressure keeps building. You need to elop
more rapidly, present compelling results, and#es
in real time.

The Right Tools ,
Fast, to launch ideas more quickly. Powerful, yet intuitively
easy to use. Integrated, to take you smoothly through devel-
opment stages. And backed by engineers who understand
the art and science of simulation.

ACSL Model

You need proof of concept for a complex, dynamic model:
hydraulics, circuits, equations of motion — all driven by a
number of discrete and continuous state events. After it’s
accepted, how quickly will the concept fly? ACSL Model
lets you program visually, yet customize parts of the model
with a simulation language.

ACSL Vision

You've validated the model. As you analyze the data, can you
trust the results? Animation reveals subtle interactions —
crossover effects, intra-system dependencies, hidden feed-
back loops — often overlooked in a sea of numbers. With
ACSL Vision, you'll illustrate the key points to others.
Quickly and simply.

ACSL Real Time

The prototype is finished. Why not wire it up and simulate
a wide range of conditions using the original model? From
hardware/software-in-the-loop to trainers, from PC to super-
computer, you need real performance— at a realistic price.
With ACSL Real Time, you’ll model more of how the world
really works.

Want proof?

For a free demo disk, i
call MGA Software at 1-800-647-ACSL. SOFTWARE |

For More Information Write In No. 517



JoSHIM

You'll find them all at National Manufacturing Week."
March 13-16, 1995, McCormick Place, Chicago, lllinois

American manufacturing —
already the biggest contributor to
U.S. exports, productivity gains,
technological advances and
economic growth — is leading
the world into the next century
by constantly improving the
manufacturing process.

National Manufacturing
Week serves as your best source for
innovation in the manufacturing
process by presenting you with the
technology and trends in areas
such as design, automation and
logistics... insights you'll find
nowhere else.

Discover all that’s new for
keeping your manufacturing process
vibrant and hotly competitive at
the world’s largest New Product
Showcase for manufacturing. Only

at National Manufacturing Week

can your management and work
teams join 65,000 manufacturing
professionals, all making informed
buying decisions from some 2,000
manufacturers in over 100 major
product groups, and from more
than one dozen product focused
pavilions. And for those seeking
industrial foresight, there’s the
special IndustryWeek executive-
level conference, “Managing for
Innovation.”

So if you’re looking to stay
competitive in this new industrial
revolution, take a look at the
National Manufacturing Week pre-
registration package, the full 175+
session conference program or an
exhibitor prospectus. They're free.
Simply call 1-800-840-0678. We'll

rush your request by first-class mail.

National Manufacturing Week, 383 Main Avenue, Norwalk, CT 06851

Produced and managed by Reed Exhibition Companies.

Tools
for the
new

industrial

revolution..

To Request Information:

Call Toll-Free
1-800-840-0678
Outside the United States,

call 203-840-5678
(Code = NAS)

National
Manufacturing
Week

incorporating

National Design Engineering
Show & Conference

International Integrated
Manufacturing Show &
Conference

International Control
Engineering Exposition &
Conference

National Plant Engineering &
Maintenance Show and
Conference

International Logistics
Exposition & Conference

and supported by over 20 industry
associations and societies

Sponsored by

National Association
of Manufacturers

NZG

©1994 Reed Exhibition Companies




NASA Tech Briefs

LITERATURE SP TLIGHT

Free catalogs and literature for NASA Tech Briefs’ readers.
To order, write in the corresponding number
on the Readers Information Request Form (page 83).

A NEW
APPROACH
TO SCIENTIFIC
—/ DATA
ANALYSIS

Analysis Advisor is a free
interactive analysis soft-

ware tutorial that includes
demonstrations of graphical and traditional program-
ming methodologies for analysis. You can investigate
Digital signal processing, Digital filtering, Windowing,
Simulation,

Curve fitting, Signal averaging,
Interpolation, and Descriptive statistics. Requires
Windows 3.1 and 8 MB of memory. Tel: 512-794-0100,

800-433-3488 (US and Canada); Fax: 512-794-8411.
National Instruments
For More Information Write In No. 300

FREE INSTRU-
MENTATION
REFERENCE
AND CATALOG

National Instruments is pro-

INSTRUMENTATION

viding a 1995 catalog derail-
ing computer-based dara
acquisition, instrument con-
trol and data analysis prod-

ucts. Includes information
on exciting new products and technologies such as Plug and
Play boards, Power Macintosh software, Test Executives,
SPC and SQL add-ons, HP-UX instrument control, PCM-
CIA interfaces and VXIplugchplay. There is also information
on customer education classes. Tel: 512-794-0100; 800-
433-3488 (US and Canada); Fax: 512-794-8411.

National Instruments
For More Information Write In No. 301

NONOXIDE
CERAMIC
POWDERS

The properties of boron
nitride, titanium diboride
and other nonoxide ceramic
powders are described in a
full-color brochure. Also
included is information on
various electronic and met-
allurgical applications, and
the company’s manufactur-
is and customer service capabilities.
ax: 216-529-3975.

ing, quality analy
Tel: 800-822-4322;

Advanced Ceramics Corp.

For More Information Write In No. 302

PRESSURE
2 TRANSDUC-
i ERS/TRANS-
MITTERS

Taber pressure transduc-
ers/transmitters are out-

~ lined in a new brochure.

p—— e ; ;
RS sTATOnN T'hey are available in low
e d high models i i
e and high models in a vari-

ety of pressure ranges.

Differential transducers

provide high differential
overload pressure and high line pressure capability.
Oceanographic transducers are completely submersible,
highly accurate pressure sensors. For more information
contact: John Pinder. Tel: 800-333-5300.

Taber Industries
For More Information Write In No. 303

FREE
ELECTRONIC
HARDWARE
CATALOG

Broadest selection of quali-
ty hardware for electronic
assemblies. 350-page cata-

log includes a full range of

standoffs, captive screws

and nuts, chassis fasteners,
handles, ferrules, spacers
and washers. Special sections include: new/unusual prod-
ucts, metric information, and Mil-plating specifications.
Full inventory, fast turnaround, samples. Accurate Screw
Machine Co., Fairfield, NJ. Tel: 1-800-237-0013; Fax:
201-244-9177.

Accurate Screw Machine Co.
For More Information Write In No. 304

FERROFLUIDS
FOR STEPPER
MOTORS

FerroMotion brochure
explains the unique advan-
tages of adding ferrofluids
in motion control applica-
tions. Exclusive technology

increases positional accura-

¢y, improves settling time,
damps out vibration and
midrange resonance, ex-
tends motor life in damp or
corrosive environments. Small lots can be retrofitted or
use viscous inertial dampers. 40 Simon Street, Nashua,
NH 03061. Tel: 603-883-9800; Fax: 603-883-2308.

Ferrofluidics Corp.

For More Information Write In No. 305

PRECISION
PRODUCTS
FOR LASERS &
OPTICS

This 264 page product
guide from describes micro-
positioning instruments and
mounting hardware. It fea-
tures the components that

are an integral part of any
light measuring system.
Included are: optical tables, manual and motorized optical
mounts, translators and rotators, fiber optic positioners,
laser mounts and steerers, and many other products. For a
FREE copy, contact Oriel today. Tel: 203-380-4376; Fax:
203-375-0851; E-mail 73163.1321@ compuserve.com.

Oriel Instruments
For More Information Write In No. 306

OPTICS FOR
METEOROLOGY

New 1995 Catalog con-
tains 120 pages of informa-
tion and prices on tool-
n]ﬂkcr‘& n‘licr()scnpcs, stereo
microscopes, alignment
microscopes, monocular
Z00m microscopes, micro-
telescopes, pocket micro-

scopes, bo rescopes, micro

video lenses, and fiber optic
and miniature illumination systems. Also described are
centering microscopes, optical cutting tool geometry ana-
lyzers, X-Y tables, and micro-finishing equipment. Tel:

716-873-9907; Fax: 716-873-9998.

Titan Tool Supply Co., Inc.

For More Information Write In No. 307

MICRO-
MINIATURE
CONNECTORS

Omnetics Connector Corp-
oration’s new 24 page cata-
log contains data on a variety
of microminiature .050"con-
nector products based on the
Omnerics’ patented Flex
Pin® design. Catalog con-
tains photos, illustrations,
features, data and perfor-

mance specifications for two-piece, circular, socket, dual-

row, cross-over and lc.\[—p()im connectors as well as a new

Nano connector series featuring .025"spacing. Tel: 800-
343-0025 or 612-572-0656; Fax: 612-572-3925.

Omnetics Connector Corp.
For More Information Write In No. 308
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LITERATURE SPOTLIGHT

Free Literature/To Advertise call (800) 944-NASA

GEOMETRIC TOLERANCING
STANDARD VIDEO

New Training video. 2 videos and 10 Comparison Charts
2 Y14.5M-

1992 Geometric Tolerancing standard. A quick, economi-

describing over 40 revisions for the new AS

k’«ll \\'.)'\' to \Ip\i.l[k’ _\'()Hr dcpdrlmcn!. !'r()”l [l]C nU[('d
author and authority, Alex Krulikowski, the Doctor of
Dimension’g. Dept. 50. Tel: 313-728-0909; Fax: 313-
728-1260.

Effective Training, Inc.

For More Information Write In No. 310

NEW MASTER-
FLEX®TUBING
PUMP SYSTEMS
FROM BARNANT
COMPANY

Slurries, corrosives, adhe-
sives, dyes, inks, chemicals
are casily handled by our
wide selection of non-cont-
aminating pump systems as
detailed in our new 64-page
catalog. Systems are used in a wide range of applications
from Industrial to Biotech for metering, blending, dis-
pensing, proportioning, and sampling of chemicals, food,
and drugs. A wide selection of chemically compatible, dis-
posable tubing is available; most are autoclavable and

NSF listed. Tel: 800-637-3739; Fax: 708-381-7053.

For More Information Write In No. 311

ELECTRONIC
CLINOMETERS

These highly accurate
devices, with no moving
parts, provide a dc voltage
output that is proportional
to the angle of rotation
from true vertical. The cli-
nometer is compact,
rugged, lightweight, and

easily integrated into your
system. Also described is a stand-alone Angular
Measurement System for applications that require no
external power or additional electronics. Tel: 602-582-
3022; Fax: 602-582-1312.

Cline Labs, Inc.

For More Information Write In No. 312

Hardigg Cases offers over
225 standard rotationally
molded rtransit cases,
including a full line of 19"
EIA rack mount cases, deck
cases, .|Hd "lJngCn\(YUn(
cases. Hardigg's expert engi-
neering, manufacturing,
and test facilities provide

start to finish custom design

capability. A complete list
of standard cases allows for
rapid delivery...as few as
three \\'nrl\'ing d.l_\'\f Take .ldmnl.lgc of over l}»r(y years of

experience...design a Hardigg case into your next project!

HARDIGG CASES
Tel: 1-800-JHARDIGG; Fax: 413-665-8062

For More Information Write In No. 313

CATALOG
DESCRIBES
DATA ACQUISI-
TION SYSTEMS

designed to meet exacting
measurement rfll\]‘\fk‘n\c“‘\.
Components feature fast
throughput and highly
accurate digllilk‘r\ (()\'L'fﬂ”
0.1% accuracy with 100 k
to 200 Msps, and 32
Megapoints/channel). Automatic setups, analysis and
touch screen controls in PC-based software add excellent
user interfaces for high speed dynamic measurements in
the physical and material sciences. Demo disks available
on request. Tel: 608-221-7500; Fax: 608-221-7509.

Hi-Techniques, Inc.
For More Information Write In No. 314

COATINGS
PROTECT MAG-
NESIUM PARTS
AGAINST
WEAR, CORRO-
SION

MAGNADIZE® surface-

enhancement coalings pro-

SNAIDIZ

W3
Synergistic Coatings

Generol Mogroplote .
i tect magnesium

parts
against wear, corrosive
chemicals, moisture, and sticking. Magnaplate-applied
coatings dramatically increase surface hardness and provide
permanent dry lubricity. Available in four thicknesses, they
also exhibit high dielectric strength and excellent release
properties. Tel: 908-862-6200; Fax: 908-862-6110.

General Magnaplate Corp.
For More Information Write In No. 315

PIEZOELECTRIC
CERAMICS

A 28-page brochure is a
design guide for piezoelec-
tric ceramics in a variety of
shapes and sizes. Piezo-

electric and electromechani-

cal properties for various
PZT materials (lead zir-

conate titanate) are includ-

ed, and various types of
piezoceramic configura-
tions, including stacks and bimorphs® are described. Tel:
216-232-8600; Fax: 216-232-8731.

Morgan Matroc Inc.

For More Information Write In No. 316

PRECISION
POSITIONING
AND MOTION
CONTROL

155 page catalog covers
N

Precision Positioning Com-

Precision
Positioning )
Components & .stt»mm\
Compo e ——

T’s expanding line of

ponents JHd \‘_\'\[CI“S.

Featured are single-axis,

X-Y, multi-axis, rotary, high
vacuum, and air bearing
stages. NEAT provides complementary stepping and ser-
vo motor drives and controls, as well as turnkey solutions
to automation, inspection, and production requirements.
Stage travels range from 2-30+ in. with a repeatability of

1 pm, speeds to 80"/sec. and resolutions to 5 nm.

New England Affiliated Technologies
For More Information Write In No. 317

NEW! OPTICAL
REFERENCE
CATALOG

Edmund Scientific’s free
236-page, color technical
reference catalog features
one of the largest selections
of precision off-the-shelf
optics and optical instru-
ments, p]llh a C()rnpl('[&' Iinf
of components and acces-
sories for both large volume OEM users as well as smaller
research facilities and optical laboratories. Contains over
8,000 hard-to-find items, including a large selection of
magpnifiers, magnets, microscopes, telescopes, and “machine
vision” products. Tel: 609-573-6259; Fax: 609-573-6233.

Edmund Scientific Co.,
Dept. 15B1, N954
For More Information Write In No. 318

MECHANICAL
TESTING
CATALOG

MTS Direct is your one-
stop source for mechanical
[L’\(ing k'l]“ip”\c”[, .\CIL’LX
from hundreds of products
offered by leading compa-
nies, including: hardness

testers, grips, data acquisi-

tion systems, and many oth-
ers. Toll-free phone and fax
ordering. Direct shipment. 30-day money-back guaran-
tee. Free 150-page catalog. Tel: 800-925-0505.

MTS Systems Corporation

For More Information Write In No. 319

WINDOWS-
BASED CAM
SYSTEM WITH
SURFACE
MODELING

SURFCAM

mechanical design, surface

integrates

modeling, and powerful
2,3,4, and 5 axis machin-
ing. Compatible with all
other CAD/CAM systems,
solid models are imported and machined. Easy to learn,
SURFCAM runs under Microsoft Windows and
Windows NT. Call 800-SURFWARE (800-787-3927).

Surfware Incorporated

For More Information Write In No. 320

New DA95 catalog offers
288 different “ready to use”
precision acme and preci-
sion ball screw drives.
Screw drives come totally
assembled with machined
ends, precision end bear-
ings and feature standard
NEMA motor mounts and
couplings. Complete linear
slides featuring precision
rail assemblies are offered
in seven sizes with strokes
10 135 inches. CAD files are available to speed designs.
Contact: Greg Traeger, Sales Manager, Ball Screws &
Actuators, San Jose, CA 95136. Tel: 800-882-8857.

Ball Screws & Actuators

For More Information Write In No. 321
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ZERO GAUSS
CHAMBERS

Magnetic Shield Corpora-
tion offers its triple layered
Zero Gauss Chambers, pro-

viding an internal work
space having an extremely

low magnetic field. Stan-
Zoro dard sizes and custom varia-
tions are available. Fully
annealed CO-NETIC AA
Alloy provides high attenua-
tion factors required for research, equipment calibration

Chambers

and scientific applications. For more information, request
catalog ZG-2B. Tel: 708-766-7800.

Magnetic Shield Corporation

For More Information Write In No. 322

WASHERS

AND SPACERS

NEW FOR ‘95! Boker’s
free 32-page Catalog 95
offers 12,000 non-standard
sizes with no tooling
charges. Outside diameters
of 0.080" to 2.631", a wide
variety of inside diameters
and thicknesses, and 2,000
material variations create
millions of possibilities.
Materials include low carbon, cold rolled strip and sheet
steel; five types of spring steel; stainless steel; aluminum;
brass; copper; nickel silver; and such nonmetallic materials
as Delrin®, Teflon®, Mylar®, and nylon. Metric sizes
also. Tel: 1-800-927-4377; Fax: 612-729-8910.

Boker’s Inc.
For More Information Write In No. 323

SURFACE
MEASURE-

MENT SYSTEM

The WYKO RST Plus sur-
face measurement system
rapidly measures the three-
dimensional surface texture
of a wide variety of materials
such as plastics, film, glass,
ceramics, paper, machined
parts, metal, etched silicon,
and much more. The system
provides quantitative surface height measurements up to
500 pm with subnanometer resolution. Results are dis-
played as three-dimensional color images with industry-
standard surface statistics. For more information, contact

WYKO Corporation at 1-800-FON-WYKO.

For More Information Write In No. 324

1995 PUBLICA-
TIONS AND
INFORMATION
SERVICES
CATALOG

INSPEC and the IEE com-
bine their catalog: INSPEC

Publications
and
Information
Services

Publications and Services;
Abstracts Journals, Online
Database, Tape Services, CD-
ROM: INSPEC OnDisc,
IEEE/IEE Periodicals Ondisc (IPO)—are featured along
with the Books, Conference Proceedings, Professional
Journals and Distance Learning (Video and CBT) materi-

als of The Institution of Electrical Engineers (IEE). Tel:
908-562-5554; Fax: 908-562-8737.
IEE/INSPEC
For More Information Write In No. 325

FULLRANGE™
VACUUM
GAUGES

Low-cost, FullRangeTM
gauge is two gauges in one.

It features Pirani and ion-
ization gauges integrated
with electronics into a sin-
gle head. The gauge gives a
linear output signal across
the vacuum range from

atmosphere to UHV. It can
be used with or without a controller. Craig Lazinsky,
Balzers, 8 Sagamore Park Road, Hudson, NH 03051.
Tel: 603-889-6888; Fax: 603-889-8573.

Balzers

For More Information Write In No. 326

INDUCTION
BRAZING,
SOLDERING

Lepel introduces a line of

Lepel

0 kW, 50-200 kilz

high performance, 100%
solid-state RF low-power
induction heating power
supplies designed to provide
superior process stability.
These new LSS Models
ranging from 2.5 to 30 kW,

COMPACT, LIGHT, EFFICIENT,
RF POWER SUPPLIES

50-200 kHz, are among the
smallest and lightest RF power supplies available. They can
be used for numerous induction heating applications such as
brazing, soldering, and stress relieving. Lepel, 50 Heartland
Blvd., Edgewood, NY 11717.Tel: 516-586-3300.

Lepel
For More Information Write In No. 327

AIR FILTERS
Universal  Air  Fileer
Company manufactures
custom-designed filter prod-
ucts for original equipment
manufacturers. Universal
filters are used extensively in
the electronics, HVAC, dig-
medical,

ital switch,
Universal air filter 4 ;
S—— defense, and data processing

industries. The brochure

describes applications and

engineering and production
capabilities. Universal Air Filter Company, 3400 Missouri
Avenue, East St. Louis, Illinois 62203. Tel: 800-541-
3478; Fax: 618-271-8808.

Universal Air Filter Company

For More Information Write In No. 328

HIGH POWER
RF RESEARCH
TOOLS

Radar systems, track,
search, and GCA. RF
sources 10 KHz to 35 GHz
at 1 W - 5 mW. Pulse
modulators 1 KW - 25

mW, Microwave compo-

nents, Tracking and Search

pedestals, Parabolic dishes
to 60' diameter, Microwave
tubes, Klystrons, Magnetrons, TWT’s, etc. Much more
available from stock, completely tested. Also, high power
microwave test facility to test microwave devices. Send
for free catalog. Tel: 203-753-5840; Fax: 203-754-2567.

Radio Research Instrument Co., Inc.
For More Information Write In No. 329

STANDARD
AND CUSTOM
MOLDED
RUBBER
PRODUCTS

An Elastomer Selection
Guide summarizing the
physical properties of the
llﬁcd

most commonly

materials in the molding,

casting, extruding, and die-

cut fabrication of parts is included in this package of
materials from AME. Also included are data sheets on
the company’s line of O-Rings, switch seals (boots), self-

sealing fasteners, and electrically conductive parts.
AME Corporation

For More Information Write In No. 330

TIME AND
FREQUENCY
PRODUCTS

TrueTime’s

Trvelime

Precision
Timing Products catalog
features GPS-Synchronized
Clocks in

portable, and board-level

rackmount,

configurations. Includes
illustrations and product

specifications for our com-
plete line of Synchronized
Clocks, Time Code Products, and Remote Displays to fit
a variety of time and frequency applications.

TrueTime, Inc.

For More Information Write In No. 331

NEW 1995-96
COLE-
PARMER®
INSTRUMENTS
CATALOG

The new, free 1995-96
Cole-Parmer instruments
cartalog contains over 1700
full-color pages and fea-
tures more than 40,000
products covering scientific instruments, equipment, and
supplies. The catalog includes a detailed 40-page product
index and table of contents, informative introductory
pages for many of the catalog sections, “Hot Tips,” and
an 8-page section of late-breaking products. Contact
Cole-Parmer Instrument Company—in the USA or
Canada, call toll-free 1-800-323-4340.

For More Information Write In No. 332

TOOLS, TOOL
KITS, CASES &
TEST EQUIP-
MENT

Installation/repair tools,
tool kits, test equipment,
telecom equipment, LAN
testers & instrument/ship-
ping cases are detailed in
this 300+ page full-color
catalog. Includes products
for field service & depot repair. Indexed catalog features
over 100 standard tool kits & complete information on
“customizing” to meet specific customer requirements.
Complete specs & prices are provided for all products.
Tel: 800-866-5353; Fax: 800-234-8286.

Specialized Products Co.
For More Information Write In No. 333
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PRECISION
TEST AND
MEASUREMENT
EQUIPMENT

Stanford Research Systems’
1994-95 Caralog contains
complete specifications,
technical discussions and
application notes on their
line of scientific and engi-

“Lkrlni_\ |n\[run]tn|\ [ hl\
200 page catalog mdudu the latest function generators,
spectrum analyzers, lock-in amplifiers and delay genera-
tors, and is a useful reference for a wide range of test and
measurement applications. Tel: 408-744-9040.

Stanford Research Systems

For More Information Write In No. 334

PCMCIA
DESKTOP
ADAPTORS

The PCMCIA standard is
the newest technology in
darta storage and 1/O for
desktop and mobile com-
puters. Now ENVOY
DATA offers the most
complete line of PCMCIA
Databook adaptors (read-

erfwriters) for your desktop
computer. External models connect through the parallel
port while internal models use an ISA interface card. All
models read and write Types I, II, or IIl memory cards.
Tel: 602-892-0954; Fax: 602-892-0029.

Envoy Data Corporation
For More Information Write In No. 335

WAVE/COM-
PRESSION

SPRINGS

Just updated, Catalog
#WS-93 contains NEW
stock sizes of wave/com-
pression springs available
stock, including
spring design formulas,
materials guide and typical
applications. The manual describes the many advantages

w\\%

‘w%ﬁ%‘“
Flat Wifo

O

from

of Smalley’s exclusive edgewinding manufacturing
process. Smalley springs, available from 3/8" to 84" in
diameter, are produced by circle-coiling flat wire to exact
specifications involving no dies or special tooling
charges. Tel: 708-537-7600; Fax: 708-537-7698.

Smalley Steel Ring Co.
For More Information Write In No. 336

FREE DSP
CATALOG

BittWare has the widest

Thesollonktodisr
b

range of analog and digital
I/O available for your
groundbreaking DSP appli-
cations. Call us today for a

catalog full of our heavy-
duty ADSP 210x0-family
of floating point DSP and

DS SOULTIONS FOR DEMANDING APPUCATIONS

I/O products, along with
our k“n]PlL'(C set ()( dﬁ'\'{,‘l’
opment tools. BittWare Research Systems, 33 North
Main St., Concord, NH 03301, 800-848-0436; Fax:
603-226-6667.

BittWare Research Systems

For More Information Write In No. 337

FREE LAMP
CATALOG

This catalog

PSC Lamps, Inc,’
plbytradboppuri g fou

features
replacement lamps at dis-
count prices for all types of
equipment. Lamps for
audio-visual, photographic,
micrographic, and graphic
arts equipment. 100%
guaranteed brand names—
toll-free ordering—no min-
imum order. All deliveries
via Second-Day Air at NO extra cost. Also, lamps for med-
ical and electronic instruments, microscopes and video use.
Tel: 800-772-5267 i: 800-257-0760. PSC Lamps Inc.,
435 W. Commercial St., E. Rochester, NY 14445.

PSC Lamps Inc.
For More Information Write In No. 338

PRECISION
STRIP/WIRE

Elgiloy®
strip and wire mill. We
process a variety of alloys
including Inconel®, Has-
telloy®, Monel®, MP35N®,
Titanium and Stainless.
Our sales and engineering
staff are qualified to handle

is a combination

your custom material re-
quirements, and our on site
testing lab assures you of

prompt deliveries. Tel: 708-695-1900; Fax: 708-695-0169.
Elgiloy® Limited Partnership

For More Information Write In No. 339

MASS FLOW
METER
APPLICATIONS
HANDEOOK

The new handbook consists

Applications
ngﬂxx)k

of a series of K-Flow appli-

cation solutions. The

“Application Handbook”

illustrates the flow process
configuration and ABB K-
Flow flowmeter/transmitter

systems used in a variety of process applications.
Applications covered include Mass (Liquid, Gas, Multi-
Component), Density (SG, API, Brix), %Solids,
%Liquids, PID, Ratio Blending, Batching, Proportion-
ing, etc.

ABB K-Flow
For More Information Write In No. 340

INTERPOW-
ER™ EXPORT
DESIGNER’S
REFERENCE
CATALOG

New 224 page Reference
Caralog #8 helps in design-
ing primary power circuits
of international products.
Designer’s Reference sec-
tion shows world plug/-
socker patterns, voltages and frequencies, international
safety agencies and important standards published by IEC,
UL and CSA. Tel: 515-673-5000; Fax: 515-673-5100.

PANEL
‘ COMPONENTS
CORPORATION

For More Information Write In No. 341

EFICY A
mynn mmr:

OXYGEN
ANALYZERS

A full-color
introduces a complete line

brochure

of oxygen analyzers for the
laboratory or process line.
They are ideally suited for
monitoring the oxygen lev-
els in all types of gas
streams. Trace oxygen lev-
els from ppb to 100% are
accurately determined by
these ruggedly constructed instruments. No periodic
maintenance or special operator skills are required.
[ntrinsically-safe and battery-operated models are also
available.

lllinois Instruments Inc.
For More Information Write In No. 342

OVENS &
FURNACES
UP TO 2700 °F

Capabilities, specifications
and prices for over 250
standard ovens and furnaces
to 2700 °F

tom-designed heat process-

as well as cus-

ing systems. Includes: labo-

ratory, bench, cabinert,
truck, walk-in and conveyor
ovens; clean room and phar-
maceutical ovens; laboratory and industrial furnaces and
environmental test chambers. For baking, drying, pre-
heating, annealing, stress relieving, curing, sterilizing,
depyrogenation and heat treating. Tel: 708-546-8225.

The Grieve Corporation
For More Information Write In No. 343

LOW-COST PC-
COMPATIBLE
DATA LOGGER

Puts eight thermo couple
channels on monitor,
printer, or disk for $279
complete. Specifically for
laboratory and industrial
temperature monitoring.

Avoids complex set-up or
installation and is function-
ing within minutes. RS-
232 interface powers converter and eliminates sensor
wires at computer. Quick-Basic®MS source code and
compiled program provided. 16-channel and linear sen-
sor options. Tel: 609-662-7272.

DCC Corporation
For More Information Write In No. 358

“HANDS-ON” ADVANCED
COMPOSITE WORKSHOPS—
SINCE 1983

The brochure describes 13
| different “
§| shops in advanced composite

hands-on” work-

8 materials technology. These
workshops cover fabrication,
repair, manufacturing, tool-
ing, blueprint reading, adhesive bonding, ultrasonic
inspection of composites, and 4 engineering workshops.
Empbhasis is placed on prepreg carbon and aramid fiber
materials and processes, utilizing vacuum bagging and
high-temperature curing methods in the oven and auto-
clave. Three workshops are Canadian DOT approved.
REFRESHER WORKSHOPS OFFERED. For a free
brochure, call 1-800-638-8441; Fax: 702-827-6599.

Abaris Training Resources

For More Information Write In No. 344
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NONLINEAR
SIMULATION
AND CONTROL
WITH VisSim

VisSim provides a com-
plete, visual software envi-
ronment to design, simu-
late, and perform real-time
verification of complex,
dynamic systems. VisSim is
used worldwide for model-

ing the behavior of servo systems, drive systems, digiral
communication systems, power systems, and biomedical
processes. VisSim runs on MS/Windows, MS/Windows-
NT, and Unix/X operating systems. Call 608-392-0100

for a free working demo.

Visual Solutions, Inc.
For More Information Write In No. 346

NEW
PRODUCTS
FOR LIGHT
RESEARCH

This NEW product guide
from Oriel Instruments fea-
tures the latest instruments

for making, moving and
measuring light. You'll find

pulsed sources, nitrogen
lasers, calibrated irradiance
sources, low cost to fully featured imaging monochroma-
tors and spectrographs, a full line of UV-IR detectors and
detection systems including a digital lock-in and CCDs
and ICCDs, and fiber optics. Tel: 203-377-8282; Fax:
203-375-0851; E-mail 73163.1321@compuserve.com.

Oriel Instruments
For More Information Write In No. 347

MID-WEST
EXPRESS
STOCK
SPRINGS
CATALOG

New, 56-page catalog
describes over 1,500 differ-
ent stock springs and spring
kits available for immediate
delivery. Compression,
extension, torsion, continu-

£
Wid-west F'ypress
0(."( SPNMS CATALDE'

ous, hot wound, die, extension and specialty springs are
described. Mid-West Express, a division of Mid-West
Spring Manufacturing Company, 1404 Joliet Road,
Unit C, Romeoville, IL 60441; Tel: 800-619-0909.

Mid-West Express
For More Information Write In No. 348

P

SLIP RINGS

KEVLIN MICROWAVE,
the world leader in RF Rotary

Joint technology, is now man-
ufacturing SLIP RINGS
under a partnership agree-
ment with Schleifring GmbH
of Germany, the world
leader in slip ring technolo-
gy. Kevlin now offers the

broadest line of sliding con-
tact devices available in the

industry, from Military and Aerospace systems to low-cost
high-volume commercial grade components. Together,
Kevlin and Schleifring have the capability to satisfy all your
technical requirements with the right product at a compet-

itive price. Tel: 508-657-3900; Fax: 508-658-5170.
Kevlin Microwave Division
For More Information Write In No. 349

B92 CATALOG
RELEASE

The latest catalog from
W.M. Berg, Inc., coincides
with Berg’s silver anniver-
sary. Founded in 1967,
Berg has grown to become
a recognized industrial
leader of miniature preci-
sion mechanical compo-

nents. A significant num-
ber of new items are added
as well as expanding previous product lines. Featuring
50,000 standard components, 80% of which we are able
to ship from stock within 24 hours. Available in metric
version too: M92. Tel: 516-596-1700; Fax: 516-599-3274.

W.M. Berg

For More Information Write In No. 350

MINICAP 2 RH

SENSOR

The MiniCap 2 RH Sen-
sor is a low-cost, general-
purpose, thin-film poly-
mer, capacitive-type rela-
tive humidity sensor
designed for the OEM
market. Its TO-18 header
configuration makes it
compatible with a wide
range of applications. It
has excellent stability and linearity in the range of 0% to
100% RH. The MiniCap 2 is unaffected by water
condensate, most reagent vapors and temperatures up to
180 °C. Tel: 617-899-2719; Fax: 617-894-8582.

Panametrics
For More Information Write In No. 351

TYGON®
TUBING, BRO-
CHURE AND
SAMPLE CARD

The most comprehensive
literature available from the
number one brand of flexi-

ble plastic tubing. This 20-

page 4-color brochure
describes the entire line of
Tygon® flexible plastic tubing for applications in medical,
laboratory, food/beverage, dairy and general industrial
markets. It also covers other Norton tubing products such
as Norprene® thermoplastic elastomer tubing, PharMed®
medical/biotechnology tubing, Chemfluor® fluoropoly-
mer tubing, Tygothane® polyurethane tubing and
Fluran® fluoroelastomer tubing. Norton Performance
Plastics Corporation, Tel: 216-798-9240.
For More Information Write In No. 352

NETWORK FOR
VIRTUAL
REALITY
SYSTEMS

The SCRAMNet®-LX
A — Network, a real-time com-
B=E B munications system based
— on a replicated shared-

SCRAMNet Network Helps To
Make Virtual Reality a Reality

memory concept, is opti-
mized for the high-speed
transfer of data among
computers. This FREE Application Note shows how
SCRAMNet made one virtual reality simulation possible.
Tel: 513-252-5601; 800-252-5601; Fax: 513-258-2729.

Systran Corp.

For More Information Write In No. 353

NEW
MSC/NASTRAN
BROCHURE

12-page brochure dertails
latest features of leading
FEA software, used world-
wide to optimize and pre-
dict behavior of complex
designs from aerospace and
automotive to medical and
consumer goods. Analysis
types include static, normal
modes, buckling, dynamic response, heat transfer, nonlin-
ear, acoustic, and aeroelastic, using both h- and p-ele-
ments. Open architecture works with all modeling/ CAD
systems. MacNeal-Schwendler Corp., Los Angeles, CA.
Tel: 800-642-7437, ext. 500.

MacNeal-Schwendler Corp.
For More Information Write In No. 354

NEW EMI
SHIELDING
PRODUCT
INFORMATION
CATALOG

New 20-page catalog
describes EMI shielding

products for doors, panels,

covers, connectors, enclo-
sures, and cabinets.

Describes wire mesh, gasket
materials, fan vents, filters, and honeycomb vents. Mesh
options include elastomer core and Twinseal for environ-
mental seal. Technical drawings, special finishes, standard
and custom options, and ordering information.

Tech-Etch, Inc.

For More Information Write In No. 355

POLYURE-
THANE AND
EPOXY TOOL-
ING RESIN
SYSTEMS

New Selector Chart ES-
160 describes the CONA-
THANE® TU-401 and
UC-Series of non-MBOCA,
non-TDI, non-MDA liquid
castable tooling resin sys-
tems. TU-401 Series flexible elastomers provide high elon-
gation, high tensile and rear strength, and excellent abra-
sion resistance. CONAP® and CONATHANE® UC-
Series provide tough, high hardness, high impact resistant,
dimensionally stable castings. CONAP, INC., Tel: 716-
372-9650; Fax: 716-372-1594.

For More Information Write In No. 356

HEIDENHAIN’S 52 page
General Catalog features
mechanical and technical
information on Linear and

Rotary Encoders, Digital

rssoman Readouts, Numerical
P Controls and Digital
— , ~
Height Gages for measure-
ment and inspection appli-
cations. Metal-cutting and
metal-forming machines,
| [Fee— inspection equipment,

general automation and the
electronics industry are just a few of the various types of
applications that require measurement systems for
position and speed control feedback.

Heidenhain Corporation
For More Information Write In No. 357
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NASA Records Color Storm Flashes In Space

g
7 S pomi tyers

» what effect soil pH may have on grounding?
» entrance panels are a last defense against lightning?
» the facts & fallacies of oscilloscope sampling rates?

FREE -learn from The Leader in
Lightning & Grounding Solutions

KPolyPhaser-

CORPORATION ®

(702) 782-2511  FAX: (702) 782-4476
2225 Park Place - P.0. Box 9000 - Minden, NV 89423

For More Information Write in No. 416

New on the Market

Using compressed air as a power
source, vortex tubes from EXAIR
Corp., Cincinnati, OH, produce a
flow of cold air from one end and
hotair from the other, with tempera-
tures adjustable from ambient to
121 °C for the hot and from ambient
to -46 °C for the cold. Available in
three sizes with flow rates from 1-
100 SCM, the compact and durable
tubes operate at pressures down to
20 psig and have a refrigeration
rating up to 6000 BTU/hr.

For More Information Write In No. 707

RECORD

MIL-STD-1553, PCM
ARINC-429, RS-422

ME-981 ENCODER
VIDEO

IRIG TIMECODE 1
1 |
[To]]

VOICE I [
AIRBORNE VIDEO RECORDER | &3 |

VIDEO CASSETTE _
VIDEOTAPE PLAYER @

,@%D > B —
QTEESIN—E

;‘ ;ANALYSIS
|

ME-991 DECODER

SYSTEM [—— DATA
UNDER

TEST

IRIG TIMECODE
VOICE

DATA

Merlin ME-981/991 systems use low-cost video tape recorders to
capture over 2 hours of continuous data at rates
up to 2.2 Mbits/sec. Open design permits use of [HE
interchangable interface modules for a flexible [*
data recording system. The ME-981 is qualified
to Mil-Std-810E and is available in both ruggedized
and rack-mount configurations.

Merlin

MERLIN ENGINEERING WORKS

1888 Embarcadero Rd., Palo Alto, CA 94303 Phone (415) 856-0900

i Sight Inc., Cedar Knolls, NJ, has
introduced the iSC2050 digital video
camera for applications with a wide
range of illumination or contrast.
Providing a dynamic range of over
72 dB, the system includes a remote
camera head, features on-screen
menus and push-button controls,
provides standard color or mono-
chrome video output formats, and
requires no frame grabber board to
convert images to digital.

For More Information Write In No. 708

Raytek Inc., Santa Cruz, CA, has
announced the Raynger PM line
of IR thermometers featuring a
distance-to-spot ratio of 50:1, re-
sponse time of under 350 msec, and
a useful temperature range of -18 to
870 °C. In the datalogging models—
PM 30, PM 40, and PM 50—a num-
ber of temperature readings can be
internally recorded and later down-
loaded via an RS-232C port. Laser
sighting is standard on all models.
For More Information Write In No. 711

Automatic Error Bars

TriMetrix Inc., Seattle, WA, has an-
nounced Axum 4.0 for Windows,
thefirstdrag-and-drop technical and
data analysis package. Based on
Axum for DOS, the new software
allows users to create publication-
quality technical graphs instantly
by dropping data from OLE 2 appli-
cations onto plot buttons. The new
program offers 75 2D and 3D graph
types and enables the user to click
on any object to edit its properties.
For More Information Write In No. 704

Biosym Technologies Inc., San Di-
ego, CA, has released ESOCS (Elec-
tronic Structure of Close-packed Sol-
ids), fast and easy-to-use materials
research and design software that
reveals many fundamental proper-
ties of materials on an atomic level.
It performs electronic structure cal-
culations on solids, thin films, lay-
ered compounds, and surfaces, and
is designed to determine magnetic
and optical properties as well as
diagnostic properties such as core
level shifts and NMR.

For More Information Write In No. 701

Measuring 16 mm indiameter by 41
mm long, a DC motor from Maxon
Precision Motors Inc., Burlingame,
CA, employs neodymium rare-earth
magnets and capacitor long-life
commutationto achieve anassigned
power rating of 3.2 W with a typical
efficiency of 86 percent. Precious-
metal brushes and precision sleeve
bearings contribute to the high effi-
ciency of the RE016-039 by mini-
mizing friction losses.

For More Information Write In No. 705

Output filters for frequency invert-
ers from Schaffner EMC Inc., Spring-
field, NJ, are designed to increase
inverter efficiency and system reli-
ability, eliminate EMI problems, and
reduce acoustic noise. The FN 500
series includes inexpensive rise-time
limiting filters to reduce peak cur-
rent demands and eliminate voltage
overshoot, filters that optimize PWM
waveforms, and comprehensive
units that employ voltage feedback
to allow long—even shielded—
cables to be used for EMC-compli-
ant applications.

For More Information Write In No. 702
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New on the Market

IEPS Electronic Inc., Houston, TX,
has unveiled its Digital UPS series of
uninterruptible power supplies that
provide from 400 to 1250 VA for
personal computers and peripher-
als. Instead of a surge protector,
each unit contains a patented elec-
tronic power filter that not only pro-
tects against lightning but againstall
types of spiking to increase uptime
and preserve computer operation. It
features a pure sinewave output and
microprocessor-based interface for
power management and control.

For More Information Write InNo. 713

The SWAM Blaster Model MV-1
micro-abrasive sandblasting ma-
chine from Crystal Mark Inc., Glen-
dale, CA, removes conformal coat-
ings from electronic assemblies prior
to desoldering without removingsol-
der plating or causing damage to the
board’s butter coat. The machine
introduces a graded microabrasive
powder into a controlled stream of
compressed gas through an abrasive
resistant pathway and out a manu-
ally orautomatically positioned min-
iature nozzle.

For More Information Write In No. 709

Gage Applied Sciences Inc.,
Montreal, Quebec, has introduced
the CompuScope 250 ETS, an IBM
PC/XT-compatible ISA bus card ca-
pable of performing 8-bit A/D con-
version at equivalenttime sampling
rates up to 4 GSPS and real-time
sampling rates up to 100 MSPS.
Because these sampling rates are
much faster than what the ISA bus
can handle, A/D datais stored in on-
board memory.

For More Information Write In No. 703

An imaging system from H.P. White
Laboratory Inc., Street, MD, is de-
signed to document short duration
events. It features computer-con-
trolled operation of a compact gated
video camera and all peripherals
required for triggering, viewing,
printing, and storing images at ex-
posure times as short as 0.1 psec.
The system supports up to four cam-
eras and can capture multiple expo-
sures from a single camera.

For More Information Write In No. 712

The SV series of solenoid valves
from Circle Seal Controls, Corona,
CA, is designed for use with liquids
or gases and provides positive shutoff
and fast response regardless of flow
direction or pressure. The valves in-
sure bubble-tight sealing from
vacuum to 6000 psi and can be used
to control flow in remote locations.
For More Information Write In No. 706

Analogic Corp., Peabody, MA, has
unveiledthe ADC3120 Hybrid Sam-
pling A/D converter, which pro-
vides 14-bit accuracy at conversion
rates up to 20 MHz, with 90 dB of
spurious free dynamic range. The
converter provides 85 dB total har-
monic distortion and 75 dB signal-
to-noise ratio, with a power con-
sumption of 4 W.

For More Information Write InNo.710

The Terranalyzer from Terranalysis
Corp., Santa Barbara, CA, adapts to
any foundation or standard top-head
drill rig for rapid on-line screening
of hazardous waste sites while drill-
ing. The unit’ssmall-diameter smart
drill module houses an integrated
family of optical sensors and mea-
suring devices to determine chemi-
cal, radiological, and physical prop-
erties of the subsurface while simul-
taneously collecting soil tempera-
ture, moisture, pH, density, and other
geological data.

For More Information Write In No. 700
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TAKE OUT
THE HEAT

MASTER BOND
SUPREME11AQ EPOXY ADHESIVE
m High thermal conductivity ® Superior electrical
insulation properties ®m High peel and shear strength
mEasy to apply mRoom temperature or heat cure
m Resists vibration and shock ® Convenient packaging

For information,
call or write:
Master Bond Inc.,,

154 Hobart St.
Hackensack, NJ 07601
201-343-8983

Master Bond Inc.

Adhesives, Sealants & Coatings

For More Information Write in No. 418

Questions about
Pressure
Control?

., Talkto the problemso vers for a wide range of
pressure regulators and valves—for gas and liquid

- control from subatmospheric to 15,000 PSIG!
Over 50 standard models + options

. Choices include materials, pressure ranges, port

.+ types and flow capacities (C, = .01 to 15).
Pressure reducing, back pressure, dome loaded,

.- two-stage and electronically controlled styles do

- the job in high purity, hydraulic, high pressure,

- vacuum and vaporizing applications.

An ISO 9001 System Certified Company!

12616 Industrial Blvd.
TESCDM ickiver siw'ssss0
corpror AT on 612/441-6330
For More Information Write in No. 419 95




Flexible etched-foil heaters e Odd shapes, profiled or mul-
tiple elements e Efficient heat transfer: Up to 110 W/in

¢ 200°C polyimide, 235°C rubber, 600°C mica, 120°C
transparent insulations e Optional sensors & controllers

O O & & o ¢ o ¢

L\ L\ ¢ 3 )
Thermofoil™ Heaters
put the heat whe}re vou need it

r

Precise, reliable heating ¢ Minimal space, mass, & design
overhead e Medical diagnostic instruments e Aerospace
devices « Commercial appliances e Packaging machinery

e Scientific instruments e Electronics

M I N co PRODUCTS, INC.

7300 Commerce Lane e Minneapolis, MN 55432-3177 U.S.A.
Telephone: (612) 571-3121 « FAX: (612) 571-0927

For More Information Write In No. 420

New Literature

A 32-page catalog of washers and
spacers from Boker’s Inc., Minne-
apolis, MN, lists 12,000 non-stan-
dard sizes available with no tooling
charges. Outside diameters range
from 0.080 to 2.631 inches with a
wide variety of inside diameters and
thicknesses. The products are avail-
able in 2000 materials including
steel, aluminum, brass, copper,
nickel silver, and numerous plastics
and non-metallic materials such as
Delrin® Teflon®, Mylar®, and nylon.
For More Information Write In No. 724

BOKER’S, INC.

WASHERS and SPACERS

An industrial switches brochure
from Janco Corp., Burbank, CA,
highlights the company’s engineer-
ing resources and in-house manu-
facturing and testing capabilities.
The publication provides examples
of rugged and highly reliable switch-
ing systems developed for demand-
ing industrial switching applications
and critical medical equipment.

For More Information Write InNo.716

ERIGHION

YOU CAN COUNT ON

oo oo

a

Ultra high friction, low wear.
Precision molded: O.D. tolerances of
0.001" T.L.R. without grinding!

Low volume production & prototypes.
Rebuild-reface existing parts.

Superior to rubber & urethane.

Increase machine speed and productivity
while eliminating downtime.

Proven by twenty years of actual use.

Advisor in Metals, Union, NH, has
published the Simplified Tool Steel
Heat Treatment and Selection Guide.
Providing answers to heat treatment
problems in easy-to-understand non-
metallurgical terms, the book offers
assistance intool steel selection, shows
how various tool steels relate to one
another, and addresses cryogenics,
welding, EDM, and grinding.

For More Information Write InNo. 715

Samtec Inc., New Albany, IN, has
released a guide to its application-
specificinterconnectsolutions rang-
ing from simple modifications of
standard board-to-board connectors
to advanced custom IC-to-board
interconnects. Applications include
modified and custom pins, insula-
tors, plating, and packaging. Sam-
tec’s socketing capabilities include
high-speed connectors, impedance-
matched connector sets, and inter-
stitial and SMT PGA sockets.

For More Information Write In No. 721

Soliloquess Communications, Wor-
cester, MA, has announced Science
& Engineering Network News, a
monthly newsletter focusing on
news, reviews, and tutorials of sci-
ence and engineering resources
available on the Internet and re-
lated bulletin boards. Resources
covered include FTP and Telnetsites,
electronic mailing lists, USENET
newsgroups, World Wide Web
pages, and FAQs.

For More Information Write In No. 726

Material ML6 can be applied to any metal surface or provided as a
slip-on assembly. ML6 is available in an assortment of colors and
hardnesses. Send us a sample part to coat and see how ML6 can
solve your friction problem.

@w meridian laboratory
<~ 800-837-6010

P.O. Box 620156
2415 Evergreen Road

or 608-836-7571 (FAX 608-831-0300) Mddleton, Wl 535620156

Elwell-Parker Electric Co., Cleve-
land, OH, has released a brochure
describing the methodologies of
various die handling vehicles in-
cluding side-loading, end-loading,
and angle-end-loading. Fundamen-
tals of Die Handling also explains
differing bollards, their use, key fea-
tures, and design innovations. High-
lighted are the company’s cushion
tire, electric vehicles available in
operational powers of 36, 48, or 72
V and with carrying capacities of
7.5 t0 62.5 tons.

For More Information Write InNo. 717

Abrochure on plastics joining tech-
nology has been published by
Branson Ultrasonics Corp., Dan-
bury, CT. It describes a wide range
of plastics assembly processes and
equipment, including ultrasonic as-
sembly, linear and orbital vibration
welding, and hot plate welding. It
also includes basic guidelines for
choosing a plastics joining process.
For More Information Write In No. 727
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A brochure from Futura Coatings
Inc., St. Louis, MO, describes the
features and cost savings of its spray-
applied in-mold coatings, structural
resins, high-performance finishes,
sprayable flexible foams, and soft
foam composite fabrication desig-
nated the SOFT-TECH™ system. It
illustrates how Futura’s advanced
polyurethanes technology and spray-
applied materials can improve the
performance, longevity, and dura-
bility of diverse products.

For More Information Write InNo. 719

Addison-Wesley Publishing Co.,
Reading, MA, has published The
Cross-GUI Handbook For Multiplat-
form User Interface Design, which
provides detailed comparisons of the
features, capabilities, and strengths
of currently available GUIs—includ-
ing Microsoft Windows and Win-
dows NT, IBM OS/2 Presentation
Manager, OSF/Motif, Apple Macin-
tosh, and NeXTSTEP. The book
decribes the terminology, appear-
ance, interaction, and common be-
haviorof each GUIto enable design-
ers to create a consistent look and
feel across multiple platforms.

For More Information Write In No. 720

i

A catalog from C&K Components
Inc., Watertown, MA, describes its
new line of trimming potenti-
ometers, which includes single-turn
and multi-turn models and features
space-saving 3-mm and 4-mm sur-
face mount terminal styles as well
as top- and side-actuated thru-hole
versions. All models are enclosed,
process sealed, and employ cermet
resistive elements, high-temperature
UL 94V-0 materials, and tin-lead
plated terminals with epoxy seal.

For More Information Write InNo. 714

Selt-Locking & Self-Sealing

sy aibe

Custom Solutions to Spectsl Problems
In Fastener Engineering

Long-Lok lener's Corporation

1 Wy B4 Loose

Ahandbook to self-locking and self-
sealing fasteners has been published
by Long-Lok Fasteners Corp., Cin-
cinnati, OH. The 48-page book ex-
plains how self-locking fasteners
work in specific applications and
includes sections on installation data
and torque calculations.

For More Information Write InNo. 718

EIL Instruments Inc., Hunt Valley,
MD, has released its test, measure-
ment, and control instrumentation
handbook and buyer’s guide featur-
ing thousands of products from more
than 200 manufacturers. Featured
products include electronic test and
power measurement equipment,
calibrators, testers and programmers,
and plant engineering equipment.

For More Information Write In No. 725

The latest edition of the PC Systems
Handbook for Scientists & Engineers
is available from CyberResearch
Inc., Branford, CT. The 100-page
volume features comparison charts
of data acquisition boards from vari-
ous manufacturers and chapters on
the new CyberDAS line of Keithley/
Metrabyte-compatible boards, data
acquisition for remote applications
and portable PCs, boards for digital
I/O, and cards for analog output.

For More Information Write In No. 722

I SHIELDING STRIP PHODUCT INFORMATION

A 24-page catalog of beryllium cop-
per RFI/EMI shielding products has
been published by Tech-Etch Inc.,
Plymouth, MA. Itdescribes a variety
of shielding strips including soft and
no-snap fingers, omni contacts,
panel and strip gaskets, reverse bend
and twisted contacts, cylindrical and
spherical radius contacts, and “D”
connector gaskets.

For More Information Write In No. 723
)
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Compact, PC-programmable,
acceleration data recorders for
multi-channel, multi-event field
data acquisition. Self-contained
1 & 3-axis, and 9-channel units
offering up to 24MB data stor-
age. Fully user-configurable digi-
tization (30Hz - 24kHz), trig-
gering, and signal conditioning
allow for truly “smart” field op-
eration. Recorder setup and
data playback & analysis on |
your PC! Battery powered for

ey
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self-contained operation for 30-

60 days!
« VEHICLE VIBRATION + ORV SHOCK & VIB LEVELS
+» ACCEL: DECEL PROFILES  « CRASH DUMMY TESTS

RDING
VIBRATION

. CRASH RECO
{[o

o3 + SHOCK ABSORBER TESTING

* RIDE QUALITY

If you're looking for turn-key, integrated & calibrated sensing and recording
systems for on-board, 3-D acceleration measurements:

Instrumented
Sensor
" Technology.
4704 Moore St., Okemos, Ml 48864

CALL, WRITE, OR FAX:

(517) 349-8487
FAX (517) 349-8469
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FREE 1995 HP Test &
Measurement Catalog

With over 700 pages. the 1995 HP Test
& Measurement Catalog is loaded with
tutorials, descriptions, specifications
and prices for more than 1,500 HP
products and services. And it’s free.
Call HP at 1-800-452-4844, Ext. 8774.

For More Information Write In No. 575

4MEG
VIDEO™
Model 12

Flexible Image Capture,
Processing, & Display

FREE!
130 r
Page

Catalog | Board for the PC
— = 31,000 - 4 Pixels per Line
Py - = 16,000 -1 Lines/Image
optlcs [ 50&\/1511 -{2 M;z( Sampling
isplay Rate
for

= Configurable 256 MB to
4 Image Memory

= On-Board DSP

= Programmable Non-
Standard, RS-170, &
CCIR Video Formats

= Area or Line Scan Input
= Extensive Software

SEPIX

381 Lexington Drive
Buffalo Grove, IL 60089
Tel 708 465 1818

Fax 708 465 1919

1995 - EPIX, Inc., USA.

, 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. 576 For More Information Write In No. 577

More than
900 pages of

%8

tooling components!

This illustrated complete
line catalog includes
component parts for jigs
and fixtures, chuck jaws,
plug gauges, threaded
inserts, stainless steel
tooling components,
toggle clamps,
SWIFTSURE power
workholding devices, drill
jig bushings, locking pins,
and modular fixturing.
Completely illustrated.
Send for your free copy.

ar &V/7€ / MANUFACTURING CO.
4200 Carr Lane C1., PO. Box 191970
St Louis, Mssoun 63119:2196
'® Phone: 314-847-6200, FAX: 314-847-5736

For More Information Write In No. 578

RUGGED MINIATURE LIGHTED
AND UNLIGHTED SWITCH MOTORIZE
The new Series 70, is an environmentally WITHOUT
rugged line of lighted and unlighted switches.
Ready for wet, dusty or oily duty, the Series COM PROM ISE

70 is ideal for a variety of control and Mabuchi subfrac pm dc mini-motors:
instrumentation Advanced specs Competitive
requirements. 5%;3(;53;5 pr?ces
Available with DPDT S ——— design freedom =
Momentary or
Alternate switch
actions. Mounts on 100%

" : final test.
0.700" centers with
0.880" behind the o
panel space. Lighted / \_
pushbuttons use T-1 On-time delivery from Fax/write for free
LED or Incandescent world's largest manufacturer Designer's Catalog:
MFB lamps for a wide One Billion per year state end-use & voltage.

variety of display types, colors, and lighting
styles providing design flexibility. An optional @ mnBUCHI mOTOR
dripproof/splashproof seal may also be Rl

installed. StacoSwitch, Inc., Costa Mesa, CA MABUCHI MOTOR AMERICA CORP. Dept NT5 475 Park Ave. So..

92626. Phone (714) 549-3041. Fax (714) New York, NY 10016 « Fax (212) 532-4263 « Tel (212) 686-3622
549-0930 Detroit Office: 2701 University Drive, Auburn Hills, MI 48326
P . Dept NT5 « Fax (810) 370-9092 » Tel (810) 370-9090

China * Frankfurt » Hong Kong * Japan « Malaysia * Singapore * Taiwan

For More Information Write In No. 579
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Low Gost
Miniature
GControllers

with integrated C-language develop-
ment system for fast project comple-
tion. 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. 580

You Can Turn Your PC Into A Waveform Recorder!

Today’s most advanced data recording sys- CALL FOR
tems are not paper chart recorders. They’re FREE
paperless, PC-based data acquisition sys- INFORMATION
tems from Dataq Instruments. We've re-
placed traditional instruments in a variety of
applications with low-cost and flexible alter- IS8 Ay A by e |
natives that save our customers thousandsin | ... | [, "
paper costs alone. Factor in the productivity
gains of computer-based analysis, and you
have a solution you can’t afford to ignore.

e EdN Yiew Search Scallog Irensiorm _Qptions

¢ 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

DATA Q INSTRUMENTS, INC.
800-553-9006

For More Information Write In No. 581
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People,
World-Wide
Presence

Our weather
sensors and systems
have more flexibility and
power for any applica-
tion, large or small. And
they're backed with
absolute customer sup-
port: engineering, site
survey, installation,
training, calibration, and
maintenance.

Qualimetrics.
Advanced Weather
Reporting for an
Unpredictable World.

r \ 1165 National Drive
Sacramento, CA 95834 USA
Fax: 916 928-1165

74 phone: 916 928-1000

QUALIMETRICS USA Tol) Free: 1-800-824-5873

r
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Shock and

Vibration Damping
Up to 94%

Sorbothane® patented
visco-elastic material
absorbs and dissipates
unwanted energy and
outperforms rubber and
other materials by
providing:
® Impact Absorption
Vibration Isolation
» Sound Damping
e Excellent Memory
e Low Creep

e Quick & Cost-Effective
Custom Molding

Sorbothane®~the solution to all
your energy dissipation needs.

Call today for a free brochure
and prototype sample.

216/678-9444

Norbothane Inc

2144 State Route 59, PO Box 178, Kent, Ohio 44240
216/678-9444 FAX 216/678-1303
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You Do More
Than One Job,
Shouldn’t Your
R&D Lab Tools?

The Dektak3ST Surface
Profiler Does The Job Of
Three R&D Lab Tools

Film Thickness

Verify etch and deposition
processes with accurate
step height measurements.

Roughness
Analyze surface texture
after lapping, polishing or
chemical etching to check
adhesive characteristics
prior to coating.

Stress

Automatically compute
stress generated in the thin
film as well as the substrate
during deposition.

For more information on
our complete line of surface
measurement tools, contact:

(V=<3 SloanTechnology

602 E. Montecito St., Santa Barbara, CA 93103
(805)963-4431 Fax: (805)965-0522

We Make The Process More Productive

For More Information Write In No. 429

THE TECHNOLOGY CONNECTION

To Advertise Call (800) 944-NASA

Army Research Laboratory
(ARL) Materials Directorate

has developed several ferroelec-
tric composite ceramics for
application in phased array
antennas and other devices.
These materials have electronic
properties which can potentially
revolutionize the communica-
tions industry. Patent licensing
and Cooperative Research
and Development Agreements
(CRADASs) are available for these
materials in bulk, thick and thin
film forms.

Contact: Mr. Thomas Gilroy
ARL-MD

Attn: AMSRL-MA
Watertown, MA 02172-0001
(617) 923-5449

; % &

INVENTORS: GET YOURS!

‘ Uncle Sam Wants to Give You
} VENTURE CAPITAL

Through the SBIR Program, the Federal Government gives away $400
| million each year for R&D for inventions just like yours. Find out how to
get your share. Venture Capital from the U.S. Government, an all-new
68-page paperback available for just $10 (+ $2 p&h), outlines how to
classify your invention, contact funding sources, and improve your
chances of winning a grant. Contents include Phase I/lI/lll descriptions,
step-by-step procedures, key addresses, sample forms. Author John
| Washington, a former AF officer, is a certified DOD acquisition profes-
sional. Order today: send
$12 to VR Engineering,

INVENTORS checks payable to |
If you have an invention for Associated Business
: ; Publications, c/o ABP, 41
sale or license, write for our E Aond ot St

FREE booklet explaining how we
can help you. Kessler
Sales Corp., Dept. C-67-5

Fremont, Ohio 43420 J

New York, NY 10017.

TOOLING
COMPONENTS

1-800-537-4367, Ext. 242
Fax: 216-481-6193

S®lergens

Q-101 Rated Manufacturer

MANUFACTURER WANTED

Inventor and experienced robot designer Leonard Schectman
seeks a qualified manufacturer to bring his patented design for
a FLEXIBLE ACTUATING SCREW to market. This screw, in
combination with a frictionless nut comprising roller bearings
for threads, produces curvilinear motion, such as bending the
fingers of an artificial hand for amputees. Gus Geil of Micro
Mo, the leading DC gearmotor maker who supplied the motors
for the prototype, pointed to many applications in the medical
and robotic fields, including surgical drills, burrs, and abrasion
equipment, and imaging, scanning, and positioning

devices. An experienced aerospace mechanical /
engineer calls it “ideal for actuators on large

panel type structures.” Publication in a top
design journal drew more than 200 inquiries
from around the world. Concept is for sale or
license.

Contact: NASA Tech Briefs, Dept. LS, 41 E.
42nd St., Suite 921, New York, NY 10017.
Tel: 212-490-3999 ext. 253.

Looking For Exciting
New Ideas To Grow Your
Business?

Then you can't afford to miss the
Spring '95 Federal Laboratory
Consortium National Technology
Transfer Meeting — April 10-13,
Atlanta, GA Airport Hilton. Meet
one-on-one with tech transfer
experts from the U.S. federal
labs and discover opportunities
in energy, environmental tech,
telemedicine, transportation,
manufacturing, and more.

Call (206) 683-1005 or write in
no. 461 for registration info.

Hear from the best
Learn the Latest
See the newest

It’s all hdppcmnq at the 32nd Space
Congress from April 25-28 in sunny
Cocoa Beach, FL.

1995 theme:

People & Technology
The Case for Space

Founded in 1964, Space Congress is considered the oldest forum
of its kind in the world. It’s also one of the most affordable.
Registration packages start at $100. For more information on how
you can attend this year’s Space Congress write to:

Registration Chairman, 32nd Space Congress, P.O. Box 321333
Cocoa Beach, Fl 32932

Phone: (407) 868-1623, Fax: (407) 783-5579
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M No Delay . . . see full traces on monitor while recording

¥ On-Board Data Analysis as well as by host program

M Patented Twin Printhead Design . . . 300 dpi laser printer
resolution for clear, crisp traces

¥ On-Board Signal Conditioning for voltage, temperature,
pressure and strain recording

¥ Front Panel Floppy Drive for personal chart and system
setups

M Data Capture . . . store up to 32 megabytes in RAM; 170
megabytes to internal hard drive; stream to external 2
gigabyte drive via SCSI; archive to DAT or floppy drive

M 8 to 32 Waveform Channels . . . plus 32 events; DC to 20
kHz; chart speeds to 500 mm/sec

¥ Record analog, digital, or both
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The MT95K2 lets you preview your data, record it, store it,
play it back, analyze it, record it again, and more! For a basic
8 channel recorder or a sophisticated 32 channel recording
system, the MT95K2 is the perfect platform for you today
and tomorrow!

Phone, fax, or write for details.

1 | Astro-Med, inc.

Astro-Med Industrial Park, West Warwick, Rhode Island 02893
Phone: (401) 828-4000 * Toll-Free (800) 343-4039
Fax: (401) 822-2430 o Telex: 710-382-6409

Sales and Service Centers in London, Paris, Frankfurt,
Milan and Rome

Astro-Med is system certified to 1IS0-9001

For More Information Write In No. 485
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D oscu.a 708,
MO, , UL
MrRpp OOEL FE 2154, TPASTABLE (0ys)

CONPITAM TELECOR 5 0 1904 &

LOW POWER, FAST WARM UP OCXO’s

DELIVER ULTRA STABLE PERFORMANCE ON TIME AND ON BUDGET

These space proven units will meet your most demanding
space exploration and satellite time/frequency requirements.

Small size & mass: 200 grams; < 7 cu. in.
Stability: 1 x 10""/day Full MIL or *S’ level
Warm up to stabilized frequency in as little as Radiation hardened
2 min. using as low as | watt-hr. Depend on FEI ... send for
Low power steady state: 0.6 to 3 Watts specifications today.

FREQUENCY ELECTRONICS, INC.
55 Charles Lindbergh Blvd. Mitchel Field, NY 11553
516-794-4500 * FAX: 516-794-4340

For More Information Write In No. 526




