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“As developers of high-performance DAQ applications, we chose
LabVIEW because it provides the high-end tools needed for rapid
development without restricting the use of ‘C’ for low-level needs.”

Jim Campbell, Cofounder,

Viewpoint Software Solutions

“The dataflow style of the LabVIEW graphical language
replaces the old style of sequential programming — now,
complex concepts such as the timing and operation of

parallel tasks can be clearly defined.”

Lynda Gruggett, President,
G Systems

LabVIEW

Graphical Programming Software

It's not a secret anymore. There's a

graphical programming revolution going on,

-

j ‘L and LabVIEW is leading it. Thousands of

/ /2
/
r‘ / " 8 scientists, engineers, and technicians use

LabVIEW to create complete

instrumentation and data
“LabVIEW software is easy to develop, debug, and
maintain. It helps us concentrate on the application

features without being caught up in fine details.
This translates to on-time, on-budget projects and

acquisition solutions in a fraction of
the time it takes with other

sty software. The simplicity of the graphical
customer satisfaction.

language and the speed of the
Niranjan Ravulapalli, Project Manager guag =

VI Technology graphical compiler have helped LabVIEW

i users develop millions of successful solutions.
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’ The Software is the Instrument® f S g iy ’
\ g Call (800) 433-3488
U.S. Corporate Headquarters \ )
Tel: (512) 794-0100 e Fax: (512) 794-8411 5 and ask for your FREE
info@natinst.com ¢ www.natinst.com L.
\Lﬂ)ﬂdwnoe rﬂ.l:twork of direct offices and distributors. \. Productmty StUdy

Point your Web browser to www.natinst.com to get a

complete schedule of upcoming technical seminars
For More Information Write In No. 600
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Crank up the Y@lMlR® of your 2D CAD
with SoLib EDGE”
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This year, more than 100,000 mechanical design professionals will move

from 2D to 3D CAD. With Solid Edge™; you can be among the first to reap the
benefits of 3D solid modeling design techniques.

: INTERGRAPH
3D solids from 2D CAD drawings S ™
Solid Edge gives you the shortest route from 2D to 3D — you can create solid g OLI D E DGE
models directly from your 2D CAD drawings! If you use AutoCAD or MicroStation®,

3D modeling begins with a simple copy-and-paste that puts your 2D CAD 2
o b s Call to get your FREE Solid Edge

geometry to work with Solid Edge’s feature-based solid modeling tools. :
Learn solid modeling in record time multimedia demonstration on CD-ROM:

With Solid Edge you can implement 3D CAD without long learning curves

and expensive training. You can quickly master part and assembly modelin: -

using ﬁlear, uncluttfred, straiggtforw);rd user li)nterface and builly;-in multig- 800-807 zzw
media tutorials. And Solid Edge is Microsoft Office 97 Compatible, so it looks

and works just like your Windows® office automation software. Fax: 205-730-1053
Risk-free 3D! E-mail: solidedge@ingr.com
Solid Edge is a risk-free way to move to 3D. You can continue with familiar www.intergraph.com/solidedge
2D drafting as you learn solid modeling. You'll even increase your drafting

output with the most streamlined, intuitive, and powerful mechanical drafting I NTEm W
system available. One of the industry’s toughest critics calls Solid Edge’s drafting

functions “... outstanding, possibly the best we've ever seen. The controls are SOFTWARE SOLUTIONS

excellent and make drawing creation almost fun.”'

Microsoft*  Designed for

v

and the Intergraph iogo are registernd trademarks and Solid Edge and the Solid trademarks of Intergraph Corporaion.
mmmmunm"‘wnwwumwmrmnww¢m

;A;;i::rosoft' lComputerAidedDarign Report, Vol. 16, No. 6, June 1996 Systems lnc. Copyright 1997 Interpraph Corporation, Hurstvlle, AL 35894-0001. MOYTO1 11
OFFICEQ7  WindowsNT®
Compatible ~ Windows'95
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* TQ Instrument Rack B
sy 1 dVINgZS
Fully Assembled. &

from %1,249

Brand New ' SRSJ
» Stanford

Research Systems
SR780
2-Ch., 102 kHz
FFT Network
Signal Analyzer
Only *9,950!
Save as much as 50%
over competing models.
» SRS DS345
30 MHz
Function Generator
$1,595
» SRS SR630
16 Channel
Thermocouple Monitor
$1,495

XANTREX

Brand New

» Xantrex XFR-Series
Power Supplies
1,200 Watts

»
$1,350° :
» Xantrex XHR-Series

=

\‘
Power Supplies v ‘
1,000 Watts
1,795

¢

ReNewed™

» Hewlett-Packard ,
3325A
Synthesized/Function
Generator

1 pHz to 21 MHz — . -
52,995 . o “
ReNewed™ Get Big Savings on Test Equipment
» Hewlett-Packard .
B501E/10/21 from TestEquity.
SEeHthrum Analyzer :
1y o e g Brand New + RENEWED- Test Equipment
ReNwod™ Yes, you can save up to 50% on high-quality test equipment; all the top brand
> I?:n:i'::nmental names, including Hewlett-Packard, Tektronix and Fluke. And now there’s brand
Chambers and Ovens new TQ Instrument Racks, brand new Xantrex Power supplies and brand new
Thermotron, Tenhx;ey. test equipment from Stanford Research Systems, all priced up to 50% less than
SHvipEdnics & N competing models! Call or log-on for the catalog that includes the latest arrivals
'lhktron/ix and sale priced specials that will solve your test requirements at the best price.

A ey TESTEQUITY
e B T3 ™ 1-800-426-3457

TDS 200 Series oo i7
60 or 100 MHz, 1 Gs/s Local or Intl. call (805) 498-9933 » .FAX (805) 498-37_33
from %995 Reody to answer your coll from 6:30 am, Pacific Time, Monday thru Friday

http://www.testequity.com
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“We expected PT/Modeler to
do quite well; it’s the only
system we tested that traces
its heritage to high end
software. In fact, the geometry
engine is the same.”

“In the combined tests, except

o for one test, PT/Modeler led in
B every category.”

B “Test scores in the 90's
klemonstrate outstanding
1bilities. PT/Modeler scored
in the 90's on four of the five
tests.”

\ TechniCom, Inc., Clifton, NJ,
v = idBange MCAD Benchmark
1996
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Call write fax or visit us on the
Internet for your FREE CATALOG today!

g ii.,'j’-’ Quality Electronic Components

"‘,“'g"]i“l Superior Service! Dighey Corporation

4 : i 701 Brooks Ave. South

= J Thief River Falls MN 56701

S cnatumemensy NRatCd#1 for On-Time Delivery! Toll-Free: 1-800-344-4;39 « Fax: 218-681-3380
O 500pm central time .5 Years in a Row! Order Online www.digikey.com
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Special Focus: Advanced
Composites, Plastics & Metals

Microwave-Induced Combustion Synthesis of
Ceramic/Metal Composites

Advanced Thermomechanical Fatigue (TMF)
Testing of Composites

Increasing Cryogenic Fracture Toughness of
Alloy 2195

Lightweight, Thermally Insulating
Structural Panels

Protective Coatings for Gamma
Titanium Aluminides

Copper/Graphite Composites Made With
Metal Carbide Coatings

CEMCAN - Ceramic Matrix
Composites Analyzer

Electronic Components and
Circuits

Improved Capacitive Gap Sensors for
Micromachined Devices

Selectable PCM Format Generator

Successive-Approximation ADCs With
Capacitive Coupling

Successive-Approximation ADCs With
Charge Balancing

A Planar Separate-Bias Scheme for SHP
Two-Diode Waveguide Mixers

Electronic Systems

Computing Supportable Bit Rates in
Radio Communications

Time-Interval Unit Achieves
Picosecond Resolution

Beacon Monitoring Would Reduce Interactions
With Remote Systems

Physical Sciences

Penetrator and Dart NMR Probes

Computing Erosion in Three-Grid lon Thrusters
Galvanic Cell for Measuring Rates of Corrosion

Miniature Boundary-Layer Airfoil With
Embedded Hot Wires

High-Pressure, High-Temperature Oxygen
DTA/TGA System
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AURUM® thermoplastic polyimide
from Mitsui Toatsu Chemicals,
Purchase, NY, is an injection-mold-
able engineering plastic used in
the automotive, aerospace, and
industrial equipment industries. It
is one of the Advanced Com-
posites, Plastics and Metals high-
lighted in the Special Focus begin-

ning on page 26.
Photo courtesy of Mitsui Toatsu
Chemicals
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The Easiest Finite Element Analysis

Just Got Easier!

Shortcut links,
such as these
to Superdraw,

Decoder,
Processor

and Superview,
get you there Create/Edit
f Your Model
faster. surMod

\4 My

Roadmaps has

a more positive
“road feel” with
three-way buttons
(like the one for
DocuTech above)

that change as

the cursor interacts
with them.

It's even easier!!
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Selecting an analysis
type from the
'pull-d()wn menu
switches the control
panel.

A mouse click activates the
“Help” mode at any time.

Algor’s new JAVA-based Roadmaps uses the latest technology
to assure the most rapid response and clarity of presentation.

* The identical interface is available on all supported workstations including Windows 95/NT and UNIX.

* Three-way buttons provide enhanced “road feel”. Traditional Windows and UNIX software have only
two-way buttons.

* Built-in expertise smooths the curves on the road to FEA.

e Advanced menu system has shortcut links for experienced power users.

» Pull-down menus activate the control panel for the type of analysis or simulation selected.

» Help screens appear as an extension to the bottom of the Roadmaps control panel.

* You can link directly to Algor's Home Page on the Internet.

e Algor's complete DocuTech reference library and search commander provide keyword access

to related information while you work.

When the Engineering
Has to be Right™

Algor, Inc.
150 Beta Drive, Pittsburgh, PA 15238-2932 USA
Phone: +1 (412) 967-2700
Fax: +1 (412) 967-2781
California: (714) 564-0844
Europe (UK): +44 (1) (784) 442 246
E-mail: info@algor.com
Copyright © 1997, Algor, Inc.

See for yourself on the Web! '.'.0,;
Preview the Roadmaps Video 0.;".:'0
and Download a Free Trial Version "QSgN

For More Information Write In No. 625
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Week, held in March. Cons:stin? of tbm&
shows — the National Des ‘
w (NDES), the National lndustnal
mat!on Show, and the National Plant En-
gineering & Management Show - the event
~marked the introduction of new products,
four series of gearmotors from Bison
id Engineering of Downers Grove, IL. A
of other new products introduced at
begins on page 22.

o_f Bison Gear and Engineering
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Our Miniature
Accelerometers
Fit In Some
Curious Places.

-

72645-2(!” Piezoresistive

ldcal for shocl: measurements that
demand DC response and minimal
mass loading.

%

7253A-10 ISOTRON® Triaxial

m h@mvcxﬂu sensor provides volt-
age output with outstanding signal-
to-noise in a miniature package.

i DEV,

When you're in a tight spot in dynamic measurement, be
prepared with an Endevco miniature accelerometer.
Just how small are they? Some models are no bigger than

an ant and weigh a mere 0.2 grams,
with built-in electronics. In fact,
Endevco makes the smallest accel-
erometers in the world.
So when mounting space, broad
frequency response, or extreme
temperature operation are critical—
we have a model for you.
And we have 50 years of experience
in a wide variety of vibration
and shock measurements.

Our sensors have been used

e 3
iy

For more information on
Endevco miniature accelerom-
our rew-Short

eters,

Form . Just call
800-982-6732 or e-mail
freebie@endevco.com.

on scaled models, small circuit boards and mini-
disk drives. And in biomedical research for humans,
animals, and even insects. We've also handled shock

measurements in package design, crash and road test-

ing, and aircraft flight testing.

Plus there’s an Endevco signal conditioner to match each
sensor we make—for a turnkey solution.
So before your application puts the squeeze on you, contact

Endevco today.

a/

25A ISOTRON® Accelerometer.
At 0.2 grams, it’s the world's smallest
accelerometer with integral elec-

tronics—with compliant leads for
sensitive structures.

All Products Actual Size.

@

2222C Piezoelectric Accel

% EMEGGITT

30700 Rancho Viejo Road, San Juan Capistrano, CA 92675 USA
Phone (800) 982-6732 Fax (714) 661-7231

Visit our website at http://www.endevco.com
For More Information Write In No. 607

ENDEVCO

The industry- standard 2222C offers
low profile, ruggedness, and inter-
changeable cable assembly.

)
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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

http://www.dupont.com/enggpolymers/americas

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. In 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
seal rings reduce costs by replacing
expensive metal rings, which can fracture or
deform during assembly. They also reduce
y warranty costs by producing a better seal.

Thrust
6 Washers.
In farm

tractor transmissions,
Vespel thrust washers
reduce costs and

\
q ™ !
\ A -~ - manufacturing

time by eliminating

; the need for
pmm—m— FDRD —ﬂ‘sgg__ i secondary
! - - machining.

; Vespel washers
also exhibit high
performance and
low wear with limited
or no lubrication.

Bearings.

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
[friction, 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

provide good wear and temperature resistance.

also be consi@emd if you have parts that IF YOU WANT TO Angi Ve§p<?l parts can l_)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
: S B call 1-800-4267246. . =

Superior strength and reliability |orwrite:DufontVesper| Vespel parts can be in the long term, it’s

aren’t the only ways Vespel can save you mpg"?‘m"‘:‘;g Cleaf that we ‘don't just make better

money. Often, you can consolidate two | BlomfieldHils MI | bushings, bearings, washers and seals.

. e 5 5 48303-1138.
or more existing parts in one Vespel piece. We make better sense.

Vespel

Only by DuPont For More Information Write In No. 530
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RGB/Videolink®

VIDEO SCAN CONVERTERS

Up to 1600 x 1280 pixel input
Analog output / NTSC, PAL, S-Video, CAV
Digital output / CCIR 601  Flicker filter
Autosync  Video overlay Pan & Zoom
Simple external connections
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w
SPECTRUM®
A visual communications company™
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If you think fast graphics automatically means

Monkey big bucks, you haven’t seen the new DIGITAL
on your Personal Workstation family. Not only does
this Alpha workstation run Windows NT® and

baCK #17: DIGITAL UNIX® 3D graphics applications
m t bu th faster than any other workstation, but its price
w o y e is unbeatable. For example, in the Bench95
world’s faSteSt benchmark running Pro/ENGINEER? the
- DIGITAL Personal Workstation 500a scored

3D wmstatlon a record-setting low 56

when you think
you can’t
afford it.

DIGITAL Personal Workstation
Jor Windows NT and
DIGITAL UNIX

Choice of
433MHz or 500MHz
Aipha 21164 processors

ECC SDRAM memory
0-2MB L3 cache

5 PCI slots (2 PCI, 3 PCI/ISA)

DIGITAL PowerStorm*®
3D Graphics, AccelPro Series,
Matrox Millenium Graphics

WHATEVER IT TAKES™

CDROM, floppy:

R10000, Solid IMPACT, 256MB memory, 21* display, COROM, floppy:
minutes; PRICE: $35,000. © Digital Equipment Corporation, 1897. DIGITAL and the

minutes, 59% faster than
the next fastest competitor
for less than half the price*
Our family of Intel® and
Alpha platforms gives you
support for thousands of
Win32 applications. Add
to this DIGITAL's wealth of
service and support which
provides seamless inter-
operability between your
UNIX and Windows NT
operating systems, and you
can’t ask for more. For less,

For your nearest reseller,

call 1-800-DIGITAL, or for more information,

visit www.workstation.digital.com.

For More Information Write In No. 610

PWW

"DIGITAL DPWS 500/2MB cache, 4D40T, 21" display, 256MB memory,
56 minutes; PRICE: $15,200. SGi Indigo 2, 195 MHz

Benchmarik: 89

DIGITAL logo are

Takes is a service mark of Digital
are registered trademarks of Microsoft in the U.S. and other countries.
PRO of T C X

5a and Whatever it
Microsoft and Windows NT

through X/Onen Company Lid

UNIX is a registered trademark in the U.S. and other countries, lcensed exclusively



NASA

Team

Commercial
Technology

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;
Information,
Communications,
and Intelligent
Systems;

Human Factors.
Bruce Webbon
(415) 604-6646
bwebbon@mail.
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) 258-3802
duke@louie.cifrf.
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.
nasa.gov

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

Merle McKenzie
(818) 354-2577
merle.mckenzie@
ccmail jol.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@gp101.jsc.
nasa.gov

Kennedy Space
Center

Selected techno-
logical strengths:
Environmental
Monitoring;
Sensors;
Protection;
Bio-Sciences;
Process Modeling;
Work Planning/
Control;
Meteorology.

Bill Sheehan
(407) 867-2544
billsheehan-1@
ksc.nasa.gov

Langley Research Marshall Space
Center Flight Center
Selected techno- Selected techno-
logical strengths: logical strengths:
Aerodynamics; Materials;
Flight Systems; Manufacturing;
Materials; Nondestructive
Structures; Evaluation;
Sensors; Biotechnology;
Measurements; Space
Information Propulsion;
Sciences. Controls and
Dr. Joseph S. Dynamics;
Heyman Structures;
(804) 864-6006 Microgravity
J.s.heyman Processing.
@larc.nasa.gov Harry Craft
(205) 544-5419
harry.craft@msfc.
nasa.gov
Lewis Research
Center .
Selected techno- gtm:ms Space
logical strengths: .
Aeropropulsion; Selected techno-
Communications;  ogical strengths:
Energy Propulsion
Technology; Systems;
High Test/Monitoring;
Temperature Remote Sensing;
Materials Nonintrusive
Research. Instrumentation.
Ann Heyward Kirk Sharp
(216) 433-3484 (601) 688-1929
ann.o.heyward@ ksharp@
lerc.nasa.gov ssc.nasa.gov

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. To reach the Regional
Technology Transfer Center nearest you, call (800) 472-6785.

Dr. David Moran Dr. William Gasko Gary Sera Chris Coburn
National Technology Center for Technology Mid-Continent Great Lakes Industrial
Transfer Center Commercialization Technology Transfer Technology Transfer
(800) 678-6882 Massachusetts Center Center
Technology Park Texas A&M University ~ Battelle Memorial
(508) 870-0042 (409) 845-8762 Institute
Ken Dozier (216) 734-0094
Far-West Technology J. Ronald Thornton Lani S. Hummel
Transfer Center Southern Technology Mid-Atlantic Technology
University of Southern Applications Center Applications Center
California University of Florida University of Pittsburgh
(213) 743-2353 (904) 462-3913 (412) 383-2500

NASA ON-LINE: Go to NASA’s Commercial Technology Network (CTN) on the World Wide Web at
http://nctn.hg.nasa.gov to search NASA technology resources, find commercialization opportunities,
and learn about NASA’s national network of programs, organizations, and services dedicated to tech-
nology transfer and commercialization.

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 technology organizations. The network includes ten NASA field cen-
ters, 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) for Technology Transfer. Call (206) 683-1005 for the FLC coordinator in your area.

NASA Program Offices

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

Gene Pawlik

Small Business
Innovation Research
Program (SBIR)
(202) 358-4661
gpawlik@oact.hq.
nasa.gov

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

Philip Hodge

Office of Space Flight
(Code M)

(202) 358-1417
phodge@osfms1.hq.
nasa.gov

Gerald Johnson
Office of Aeronautics
(Code R)

(202) 358-4711
g_johnson@aeromail.
hq.nasa.gov

Bill Smith

Office of Space Sciences
(Code S)

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

Bert Hansen

Office of Microgravity
Science Applications
(Code U)

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

Granville Paules
Office of Mission to
Planet Earth

(Code Y)

(202) 358-0706
gpaules@mipe.hg.

nasa.gov

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.

Karen Robbins
American Technology
Initiative

Menlo Park, CA
(415) 325-5353

Dr. Jill Fabricant
Johnson Technology
Commercialization
Center

Houston, TX

(713) 335-1250

John Gee

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

Dan Morrison
Mississippi
Enterprise for
Technology
Stennis Space
Center, MS
(800) 746-4699

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 the Computer Software Management and Information Center (COSMIC) at phone: (706) 542-3265; Fax: (706) 542-
4807; E-mail: http://www.cosmic.uga.edu or service@cosmic.uga.edu.
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Reader Forum |

Reader Forum is devoted to the thoughts, concerns, questions,
and comments of our readers. If you have a comment, a ques-
tion regarding a specific technical problem, or an answer to a
question that appeared in a recent issue, send your letter to the
address below.

—

In response to a letter by Jeffrey P Kaylin in the January
Reader Forum regarding the use of magnetic hoof protectors
for horses, the Albert Roy Davis Research Laboratory in
Green Cove Springs, FL has been researching biomagnetics
since 1928, and has published its results. Mr. Kaylin may
- _— want to read them.

Get your product line in
with custom OEM timing s

Mime-Version: 1.0

John Forgette
forjet@softcom.net

K o
Tosgikirk, Sengrigamest Reader Joseph Hunter inquired in the March Reader
Fral® macottgySystems SRS Forum about a source of image compression software that
Date: 04/10/87 13:13:54 PM i will run on PCs, based on fractal reduction of the images.
Subject: HELP! o Iterated Systems of Norcross, GA (770-840-0029) distributes
' b v a package called The Desktop Fractal Design System through
" Our new applications need different timing Academic Press (AP). This is a quasi-tutorial system, but I'm
" solutions: chip sets for our embedded boards, sure that if he contacted Iterated Systems, they also would
plug-in bus-level modules, netwark synchroniz- have more industrially oriented products. The AP office that
ation instruments. Who does good custom work? handles the tutorial product is located in San Diego.

i i ?
Better yet, is there a single source of supply? Howard Mark, PhD

The Near Infrared
To: mscotty, Systems Engineer Research Corp.

From: jkirk, Senior Engineer Suffern, NY
Date: »vg4/11/97 08:22:47 AM
Subject: Re: HELP!

You bet! Check out Datum's wide range of custom I am looking for precision distance measuring equipment
":!JEH timing solutions @ www.datum.com (laser, sound, etc.) with accuracy to 0.002". | would appreci-

’ . ate any suggestions on where to locate such equipment.
Custom OEM Modules from Datum. T
. The value-added approach to Techneglas
3 100 - Columbus, OH
- synchronization.

Get the facts. e
- Cam 1"360'348'0648 In the January Reader Forum, a reader requested help in

\ for the free application note. finding a source of graphite or other light material. | suggest
-1 Fibre Glast Developments Corp. of Brookville, OH (800-2 14-
8571). I have used them for many years in my fiberglass pro-
For nearly three decades, Datum Inc has created real- jects. They offer fiberglass, epoxies, gel coats, and carbon
world time & frequency solutions for the most rigorous fiber for purchase in small quantit/es, as well as videorapes,
military and telecom applications worldwide. Today, as books, and classes for working in various media.

the largest provider of precision timing products, we offer

Rick Markowski
Advanced Assembly
Automation
Dayton, OH

our customers a wealth of technical knowledge and

resources to solve a broad spectrum of everyday problems.

(> patum inc

Send your letters to the Editor at:
Reader Forum, NASA Tech Briefs, 317 Madison Ave.,

3 / S ER S & X 18 ME
L T Ste. 1900, New York, NY 10017.
v 919.0R6K e ol S e e
tel 408 578 4161 « fax 408 578 4165 Fax: _1‘2 986-7864; E-mail: nlb_edn@n.nAndsphnng.com
i dating o et B ol siles@datum:com Please include your name, company (if applicable),

address, and phone number or e-mail address.
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The Language of
Technical Computing
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MATLAB 5
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—NASA NEWS

The 1996 NASA Tech Briefs Readers’ Choice Awards for
Product of the Year were presented recently at a reception dur-
ing National Manufacturing Week in Chicago. The Gold Medal
for Product of the Year was awarded to Knowledge Revolution
of San Mateo, CA for its Working Model 3D™ virtual prototyp-
ing and design software. Silver Medal honors went to
FieldWorks of Eden Prairie, MN for the Field WorkStation™
FW7600 portable computer, and the Bronze Medal award was
presented to LeCroy, Chestnut Ridge, NY, for the LC334 and
LC534 digital storage oscilloscopes.

Each month, NASA Tech Briefs highlights a Product of the
Month, which features exceptional technical merit and practi-
cal value. Readers were asked in the December issue to vote for
the one product among those highlighted during the year that
represented the most significant new innovation for the engi-
neering community. The product receiving the most votes was
named the Gold Medal Product of the Year.

Also recognized at the awards ceremony were the following

Product of the Year Finalists, all of which had received Product ™

s : 4\ S e T g : Linda Bell present the 1996 Readers’ Choice Product of the Year Gold
of the Month honors during 1996: Computervision’s Electronic  pedaj Award to Dave Baszucki, President of Knowledge Revolution,
Production Definition software suite; Fluke Corp.’s ScopeMeter® for the Working Model 3D software.

B handheld test tool;
SensorPulse Corp. for

s msmimrms®

T 2 B -m." )

SensorPulse™ analog sig-
nal processors; Inter-
graph Corp. for Solid
Edge™ assembly/model-
ing software; Matra
Datavision, for the Euclid
Quantum CAD/CAE/
CAM/PDM software suite;
Nomadics’ plug-in modu-
lar instruments; Silicon
Graphics for Onyx In-
finiteReality™ visualization
supercomputer; and

L ; o N ST e The NASA Tech Briefs Readers’ Choice medal win- The Gold Medal Team (left to right) - Knowledge Revolution’s
Software Partners/32 for pers geft to right): Vincent Dipas of FieldWorks, Steve Gottwalls, Greg Haywood, Dave Baszucki, and Ken
the SafetyPosit data back- Silver Medal award; Dave Baszucki of Knowledge Tokusei — with their award for 1996 Product of the Year.

up service.

Revolution, Gold Medal winner; and Janet Hartley
representing LeCroy, winners of the Bronze Medal.

Janet
Hartley,
representing
LeCroy,

was
presented
with the
Bronze Medal
award.

Vincent Dipas (center) of FieldWorks accepts the
Silver Medal award from NASA Tech Briefs' Joe
Pramberger and Linda Bell.

Product of the Year Finalist awards were presented to (clockwise from top):
Shelley Miller and David Primrose of Intergraph Corp.; Matra Datavision’s
Bruce Boes; Kevin Roach of SensorPulse Corp.;

Richard Mattson (left) and Henk Koppelmans from Fluke Corp.;

and Ravi Chhabrice of Silicon Graphics.
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The Next Generation Internet (NGI)
initiative could, by 2002, result in infor-
mation flowing 1,000,000 times faster
than today’s home computer modems
and 1,000 times faster than a standard
T1 business computer line. NASA’s
Ames Research Center was named lead
institution for NASA’s $30 million por-
tion of the three-year, $300 million fed-
eral project to develop the NGI. NASA
has teamed with the National Science
Foundation, the Defense Advanced
Research  Projects Agency, the
Department of Energy, the National
Institutes of Health, and the National
Institute of Standards and Technology
to conduct R&D that could intercon-
nect core sites with high-speed lines late
this year.

According to Christine Falsetti, NGI
project manager at NASA Ames, the NGI
initially will be a national network, “but
we are looking for international partners
to meet our global needs. Technical
advances will spin off from NGI, and
industry will put improvements into the
old Internet to make it work better and
faster.” The project will include connect-
ing computer networks of regional core
organizations. For example, the federal
government will hook up about 100 uni-
versities, research labs, and other institu-
tions at 100 times the present speed.
NASA has five sites — Ames, Goddard
Space Flight Center, Langley Research
Center, Lewis Research Center, and Jet
Propulsion Laboratory — connected at a
speed of 155 Mb that will soon be con-
verted to 622 Mb.

Falsetti expects medical use of NGI to
be significant. “You’ll go to your local
doctor, and he will be able to consult
with specialists across the globe. That
means you can get access to the best
medical expertise in the world.” She
believes that the NGI will enable new
Internet applications, such as viewing
high-quality video programs on
demand.

For more information, contact John Bluck
of NASA’s Ames Research Center at 415-
604-9000, or visit the Ames Public Affairs
home page at: hitp://ccf.arc.nasa.gov/dx.

The Computer Software Manage-
ment and Information Center (COS-
MIC) at the University of Georgia has
signed a three-year Space Act Agree-
ment with NASA to distribute NASA’s
software technology to private industry.
As a research division of the University
of Georgia, COSMIC has worked with
NASA for the past 31 years to transfer
NASA software to the public.

NASA Tech Briefs, May 1997

“I think COSMIC is the first and,
currently, the only technology transfer
entity that operates independent of
external financial support,” explained
Tim Peacock, COSMIC Director. COS-
MIC markets NASA programs that
have significant technology and com-
mercial potential. COSMIC checks
each program’s operation to ensure
that it gives accurate results. It also
supplies supporting documentation to
help program users. The majority of
COSMIC’s software packages include
full source code for limitless re-use of
programs.

For more information, contact Tim
Peacock of COSMIC at 706-542-3265;
e-mail: timp@cosmic.cosmic.uga.edu.

You won'’t be able to see it, but NASA
scientists may soon give household win-
dows a new look — while saving energy
and money. Researchers at NASA’s
Marshall Space Flight Center are col-
laborating with scientists at Lawrence
Berkeley National Lab on an experi-
ment in space with Aerogel, the lightest
known solid material. Aerogel has only
three times the density of air; a block

NASA scientist Dr. David Noever watches as a
half-inch of Aerogel insulation protects a
chocolate candy from the heat of a blow torch.

the size of a human weighs less than
one pound, yet is able to support the
weight of a compact car. It has tremen-
dous insulating capability, and when
made on the ground, is hazy or smoky
in appearance. If scientists are able to
make the material transparent, a host
of new products may result for insulat-
ing windows that will conserve energy

www.nasatech.com

and save money. A one-inch thick
Aerogel window has the same insula-
tion value as 15 panes of glass and
trapped air, which means an equivalent
conventional window would have to be
10 inches thick.

Last April, NASA produced 16 test
samples of Aerogel aboard a Starfire
Rocket in a sub-orbital flight. Dr.
Laurent Sibille, a member of the three-
man Marshall team, said samples pro-
duced in microgravity indicated a
change in the microstructure of the
material, compared to ground samples.
The results were achieved after seven
minutes of low gravity. Dr. David
Noever said his Marshall team is prepar-
ing for the January 1998 launch of
Space Shuttle Discovery, which will fly
the experiment to test Aerogel with
longer exposure to low gravity.

While no one knows why Aerogel
made on the ground is smoky instead of
clear, it is known that Aerogel is a good
insulator because of the material’s large
internal surface area. Raymond
Cronise, also of the Marshall team,
explained that Aerogel “has so many
sides and surfaces that if you could
unfold a sugar-cubesized portion, it
could cover a basketball court.”

For more information, contact Steve Roy
of Marshall Space Flight Center’s Office of
Media Services at 205-544-4159; e-mail:
steve.roy@msfc.nasa.gov.

NASA's Kennedy Space Center has
begun offering free computer software
to education institutions. The program
follows last year's one-time computer
system donation from the center, and
complements an ongoing program that
allows schools to claim surplus comput-
er hardware.

“There is a continuous turnover of
software at the space center and we reg-
ularly receive a wide range of DOS-
based and Windows applications for
our loan program,” said program coor-
dinator Doug Hendriksen. While the
software inventory changes, the center
usually has a selection of word process-
ing, graphics, spreadsheets, database
management, and specialized applica-
tions software for all educational levels.
Also available, said Hendriksen, is a
selection of networking and Macintosh
software, as well as keyboards, mouses,
cables, and other accessories.

For more information, contact Doug
Hendpriksen of Kennedy Space Center at 407-
867-2551.
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NASA's
Government

Invention
of the Year

The NASA Government Invention of
the Year for 1996 recently was
awarded to Dr. Bruce Steinetz and
Mr. Paul J. Sirocky (retired) of NASA's
Lewis Research Center, Cleveland, OH,
for their High-Temperature, Flexible
Fiber Preform Seal.

The inventors and their team at Lewis originally developed
the high-temperature fiber preform seal for the National
Aerospace Plane Project. What was needed was a seal that
would operate at or above 2000 °F, as much as 1000 °F in
excess of the operating condition of conventional graphite or
metal seals. The seal structure had to follow and seal signifi-
cant (23/8-in.) engine sidewall distortions. Other key require-
ments were that it exhibit low leakage to limit parasitic losses,
remain flexible at temperature, resist hydrogen embrittle-
ment and oxidation, and be fabricable using available materi-
als. The inventors also had to develop unique test fixtures to
assess leakage and durability performance under extreme
(21500) temperatures.

The team made the seals by braiding emerging high-tem-
perature ceramic and superalloy fibers into a flow-resistant,
flexible structure. The seals’ unique braiding geometries min-
imize leakage and resist scrubbing caused by relative thermal
growth of adjoining panels. They can seal complex geome-
tries, retain resilience after high-temperature cycling, and
support structural loads.

Since being patented in 1992, the seals have been demon-
strated as an enabling technology in several applications. For
General Electric, these braided “rope seals” provided a com-
bined seal and compliant mount to minimize thermal stresses
in high-temperature nickel-aluminide turbine vanes. The com-
pany tested the vane/rope seal system in a fullscale Joint
Turbine Advanced Gas Generator (JTAGG) engine demonstra-
tion, and over many cycles the vane showed none of the ther-
mal cracking problems that beset the conventional brazing
approach. The high-temperature vane/seal technology, com-
bined with several others, contributed to meeting [TAGG Phase
I program goals, which included a 20-percent reduction in spe-
cific fuel consumption and a 40-percent increase in powerto-
weight ratio in a 4000-to-6000-horsepower turboshaft engine.

Pratt & Whitney is evaluating the invention as a replace-
ment for sealing interfaces between large turning vanes and
flow-path fairing elements in the F-119 engine for the F-22,
the country's next-generation premier fighter aircraft. The

Inventors Bruce M. Steinetz (right) and Paul J. Sirocky hold samples of their
high-temperature, flexible fiber preform seals, winner of the 1996 NASA
Government Invention of the Year award. The simulation of an operating
jet engine behind them suggests just one of the applications of the seals.

potential for improved durability spurred the company to
examine the hybrid version of the seal, consisting of a ceram-
ic core and a superalloy sheath, which shows increased abra-
sion resistance.

Williams International is also evaluating the all-ceramic
(ceramic sheath/core) version of the seal, using it to both seal
and structurally support a high-temperature uncooled engine
transition segment for an advanced demonstrator turbine
engine. Temperatures in this application reach above 2000 °F,
beyond the capabilities of any other seal.

Other than the engine industry, under a reimbursable
Space Act Agreement, Lewis is working with a major U.S. pro-
ducer of industrial gases to adapt the seal technology to pro-
prietary high-temperature gas systems. In this application, the
seal must prevent parasitic leakage and allow tubes to expand
without excessive thermal stresses. Feasibility tests done by the
partners have demonstrated that the seals operate successful-
ly at temperatures above 1500 °F, meeting all of the perfor-
mance criteria.

The inventors have been contacted by several companies
interested in using the invention to seal thermal-protection
system gaps on next-generation spacecraft (X-33) and as
replacements for gaskets in turbocharger flanges. Other com-
mercial applications might include furnace doors, emission
control devices, energy conversion systems, combustor liners,
and heat exchangers and recuperators that recover waste heat
that would otherwise go out the flue stack. As industries adopt
cleaner processes, combustion systems will require higher-
temperature seals. Chemically active gases require seals such
as these, made of chemically inert materials. Additionally,
industrial and aerospace systems are going to higher temper-
atures to increase cycle performance, reducing fuel burn and
emissions. As these trends fully develop, markets for these
high-temperature seals will evolve.

Steinetz, a Senior Research Engineer at Lewis, leads NASA's
engine seal development team that finds seal solutions for
aerospace applications, including the fiber preform seals and
high-temperature turbine shaft seals. Sirocky was a Senior
Project Engineer at Lewis until his retirement. Researchers
Mike Adams and Lawrence Kren helped perform laboratory
feasibility tests qualifying the fiber seals for subsequent engine
and industrial system tests.

For more information, contact Dr. Bruce Steinetz at (216) 433-
3302; fax (216) 977-7051.

20 www.nasatech.com

NASA Tech Briefs, May 1997



Take 1t from‘concept

N el 4 - .
o = - — = > — == R

Only Bentley’s comprehensive mechanical engineering
prOdUCtS dO lt all Ina Smgle SYStem. MicroStation Modeler®: Provides all of the
Here’s where it all comes together. Now you can design, document information you need for design and manufacturing,

and share your ideas all within a fully integrated environment. including assembly management and simulation.

Bentley has assembled a complete offering of mechanical “!‘fl;]".s“.“““' h}'}swrgi“e"’ dA" izmiﬁve d
engineering products. Products that cover every aspect of b ;’:::‘"S:;‘;la‘t’i:)::“"ce TENCCEEE &
mechanical engineering design, streamlining every step of your

workflow. Bentley’s Single Engineering Model helps you move MicroStation TeamMate™ 96: A robust workflow
through the product cycle from conceptual design to and document management product.
ma{lufacFuﬁxlg, through simglation, analysis, prepmduction, :;gﬁcl:z(r)g;ln;ll‘)gflu(;‘::lfwl:; —f;?l;h fﬁrnu;‘t;lg;ated
S&%ﬁﬁ&mgﬁgﬁg d&%a;ﬁz&%g;&ﬁ&:ﬁr (Fast Finite Element) analysis technology.
automatically, virtually eliminating errors and omissions. ADAMS®*/MS Mechanisms: For assembly simulation,
The Bentley Engineering Back Office™ range of products unites :;:::i.uon of motion paths and calculation of joint

desktop engineering systems with enterprise IT and database

systems for information sharing via the Internet. Best of all, our

products are scalable to meet the demands of your projects— = Sk & g
ringing = o i nati 3 ol .; MoldDesign™: An innovative product for designing

gow o rﬁﬂ[?oglitt}:s; hecsbii-class Appicmcions ot s single, mold bases for the injection mold industry.

Go from concept to final design with Bentley. Call

1-S00-BENTLEY for a free demo CD or visit www.bentley.com.

Engineering ‘the future together

610-458-5000 » 800-BENTLEY ¢ FAX: 610-458-1060 ¢ www.bentley.com

MicroStation and MicroStation Modeler are registered trademarks; Engineering Back Office, MasterPiece, TeamMate, MoldDesign, Bentley and the “B” Bentley
logo are trademarks of Bentley Systems, Incorporated. COSMOSM and FFE are registered trademarks of Structural Research & Analysis Corp. ESPRIT/MS is a BENTI E Y
trademark of DP Technology Corp. ADAMS is a registered trademark of Mechanical Dynamics, Inc. © 1997 Bentley Systems, Incorporated e il &

ESPRIT/MS™: An integrated range of sheet metal
design and manufacturing products.

Pas BAoasa badacmaadlisas YNMisita ka Bia EEN



National Design EngineeringsShow:New Product Showcase

The following products were introduced at the National Design Engineering Show.

Mitsubishi Electronics Amer-
ica, Sunnyvale, CA, has intro-
duced the 3Dpro™/2mp
chipset, which provides the
features of 3D workstations
on the Windows NT platform. It delivers 32-bit color,
double-buffered 3D graphics at up to 1280 x 1024
resolution, and consists of three components: a ren-
dering processor based on REALimage™ technology
from Evans & Sutherland; 3D-RAM as the frame
buffer, and CDRAM as local texture memory.
REALimage integrates 3D pipeline processes of
setup, scanning, shading, and hardware texturing in
one chip, and offers support for MIP-mapped tex-
turing, anti-aliasing, and bilinear and trilinear MIP
mapping. The chipset supports Windows NT/95, as
well as most 3D software applications.
For More Information Write In No. 745

Solid Concepts, Valencia,
CA, has introduced Solid-
View Version 2.1 3D mech-
anical design visualization
software for communicat-
ing 3D design information
across dissimilar modeling systems. The new version
allows importing of VRML data, allowing engineers
with access to a Windows-compatible PC to view
designs, measure, and add annotations. The pro-
gram uses standard stereolithography files generated
from CAD systems to view 3D designs, regardless of
their source. Users can send a free viewer with their
designs and an IGES import option allows users to
view and measure IGES surface data. Requirements
are a 486 or Pentium PC with 8 MB of RAM and
Windows 3.1, 95, or NT.
For More Information Write In No. 749

Luminescence detectors from
Balluff, Florence, KY, read invisi-
ble ultraviolet markings to elimi-
nate the need for visible marks
on products. The sensors can be
used to verify critical processes,
provide presence and position
sensing, enhance quality con-
trol, and perform product identification. They read
UV markings on wood, metal, plastic, ceramic,
paper, or textiles with chalk, ink, wax, or powders.
They also read UV markers mixed into glues,
sealants, solvents, grease, oils, and fluids. Operating
distances range from 5 to 80 mm and spot diameters
from 3 to 25 mm. The detectors emit UV light on 350
nm wavelength converted to visible light upon strik-
ing a luminescent object or mark.
For More Information Write In No. 746

Kollmorgen Mo-
tion Technolo-
gies Group, Rad-
ford, VA, offers
the BMS-1210 Se-
ries direct-drive
brushless servo-
motor, which uti-
lizes a Hall sen-
sor ring assembly for commutation and eight rare
earth permanent magnets. The motor produces a
peak torque of 228 oz-in and a continuous torque
rating of 70.14 oz-in at stall. Designed for 28-volt DC
operation, windings also are available to accommo-
date other voltages. The servomotor is suitable for
applications requiring a frameless, high-torque unit
in a compact package.

Intergraph Software Solutions,
Huntsville, AL, has introduced
Imagineer Technical™ 2.0 2D
CAD software that features 2D
kinematic animation, enabling
modeling and visualization of mechanisms. The new
version supports user-definable dimension axes, as well
as stacked and string dimensions. An embedded sym-
bol browser based on Microsoft Internet Explorer 3.0
allows users access to data on the Web. Users can drag
and drop symbols into drawings and publish informa-
tion on the Web as ActiveX documents or Active-
CGM™. MicroStation® or AutoCAD drawings can be
imported; data also can be sent to Solid Edge™, Auto-
CAD Mechanical Desktop, SolidWorks, or other me-
chanical design programs. It runs on Windows 95 or NT
and requires a 486,/66-MHz system with 16 MB RAM.
For More Information Write In No. 752

Tecnomatix Technologies, No-
vi, MI, has introduced PART™
machining software, which
generates the machining pro-
cess plan and associated tool
paths required to machine a part. Using solid models
from most CAD systems, the software automatically
recognizes manufacturing features and can recom-
mend set-ups, select cutting tools and machines, opti-
mize machining operations, and produce NC tool
paths and reports. Machining methods are stored in
an Oracle database, allowing users to manually and
interactively modify, adjust, and influence the process
plan. Reports generated include a list of operations,
required cutting tools, fixtures, set-up sketches, and
machine time and cost. The program runs on Silicon
Graphics and Hewlett-Packard UNIX workstations.
For More Information Write In No. 755
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Parker Hannifin
Corp.’s Brass Prod-
ucts Div,, Otsego,
MI, has introduced
the Presto® encap-

For More Information Write In No. 750
sulated cartridge
for installation in

single soft metal or

thermoplastic cavities without special tooling. A posi-
tive-stop shoulder prevents the cartridge from being
pushed too far into the cavity. The cartridges are engi-
neered for pressure applications from 27 inch vacuum
to 300 psi with a temperature range from -40°C to
93°C. They are available in sizes from 1/8” through
1/2" O.D. and accept nylon, polyethylene, poly-
urethane, or soft metal tubing. An encapsulated
Nitrile O-ring is standard for general-purpose sealing,
For More Information Write In No. 753

Bison Gear and Engineering,
Downers Grove, IL, has intro-
duced four gearmotor series: the
Series 175 high-torque units; the
Series 650 parallel shaft gearmo-
tors; and single-reduction and
double reduction series right-
angle gearmotors. The 175 parallel shaft gearmotors
for tight space applications feature torque ratings to
175 inch-pounds, gear ratios from 5:1 to 1369:1, and
1/10 or 1/20 HP AC motors, or 1/8 or 1/20 HP DC
motors, The Series 650 gearmotors deliver torques to
720 inch-pounds in two-, three-, and fourstage ver-
sions. Gear ratios range from 11:1 to 2206:1 and
speeds range from 0.7 to 160 RPM. Right-angle units in
single and double reduction feature hollow hardened
steel output shafts and integral AC or DC motors.
For More Information Write In No. 747

Fuzzy Logic Design for
G interactive design soft-
ware from National In-
struments, Austin, TX,
can build virtual instru-
ments for use with
BridgeVIEW™ and Lab-
VIEW® application software. System developers can
run fuzzy control systems for process control, creating
virtual instrumentation systems for pattern recogni-
tion or diagnosis. The program also is compatible
with PID control and statistical process control tool-
kits. It consists of interactive software for designing
control systems, as well as virtual instruments for run-
ning the user-designed fuzzy control systems. The
designs are suited for non-linear control systems in
industrial automation and real-time control.
For More Information Write In No. 751

The COMPACT™ Series
1 pendant arm from
Hoffman, Anoka, MN,
allows horizontal and
vertical positioning of
small operator interface
enclosures, enabling
small interface devices to be positioned by machine
tool operators for the best viewing angle. Operator
interface enclosures up to 40 pounds can be adjust-
ed vertically by the operator. Made of aluminum, the
arm attaches to a machine or wall, and adjusts for
individual needs. An enclosure mounting plate can
be rotated, tilted, and locked into position, while a
vertical axis braking mechanism prevents freefall
motion when locked. The arm is available in lengths
of 500 and 600 mm.
For More Information Write In No. 754

PORON?® urethane foam
materials from Rogers
Corp. High Performance
Elastomers Div., East Wood-
stock, CT, were designed
for gasketing, sealing, and
vibration-absorption appli-
cations. The materials offer
flame-retardance, low out-
gassing, and low fogging
properties, and meet UL 94 HBF requirements.
They offer compression set resistance, extended life,
and a Total Mass Loss of less than 1% for most den-
sities when tested for 24 hours at 125°C, eliminating
fogging effect. The foams are used in electronics
applications such as monitor and display seals, shock-
absorbing pads, and vibration-isolation cushions.
For More Information Write In No. 756

www.nasatech.com

HighRES, La Jolla, CA,
G has announced HighRES
4.0 for Windows, a PC-
based reverse engineering
software package for Win-
dows NT 4.0 and 95. The
turnkey toolset includes HighRES Studio, CADKEY®,
FastSURF®, and an Immersion Microscribe 3DX® dig-
itizer. The program captures the surface of a physical
3D object or prototype and transfers the data into a
CAD environment for creation of an identical 3D dig-
ital model. Captured data can be used for 3D wire-
frame and NURB surface creation, rapid prototyping,
moldmaking, and CNC and CMM analysis. The model
creation process can begin during or after the digitizing
process. Users can observe the creation of data from
virtually any viewpoint during the digitizing process.
For More Information Write In No. 757
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National Design EngineeringsShow New Product Showcase

CIMPLICITY®* PC
Control computer in-
terface control soft-
ware from GE Fanuc
Automation North
America, Charlottes-
ville, VA, was de-
signed for industrial
automation operations in the semiconductor, mate-
rial handling, automotive, and process industries
that use PC-based human-machine interfaces
(HMIs). Based on Windows 32-bit architecture, users
can link the program to their applications or to
Microsoft products such as Excel™ and Visual Basic®.
The software incorporates a runtime logic engine for
Windows NT and program editors that run on
Windows 95 or NT.
For More Information Write In No. 758

Swagelok Co., Solon, OH,
has announced the Push-On
hose, which requires no spe-
cial tooling to assemble and
can handle a range of sys-
tem fluids. The hose is cut to the desired length and
is pushed onto the end connection, Proper assembly
is ensured when the hose seats within the blue fin-
ishing cap on the shoulder of the end connection.
The reusable ends are available in brass and 316
stainless steel in sizes ranging from 1/4” to 3/4” and
from 6 mm to 18 mm. Four styles are available:
Swagelok Tube Adapter, Male NPT, Male BSP/ISO
Tapered, and Hose Union. The hose features a
Buna-N cover that is resistant to oils, weather, and
abrasion. Hose inside diameters are 1/4", 3/8”,
1/2”, and 3/4"; temperature ratings are -40° to 95°C.
For More Information Write In No. 761

" Raytek Corp., Santa Cruz, CA, has

| introduced the Raynger 31 LRSCL2

infrared thermometer with both scope

and laser sighting combined in one

unit. Both aiming options can be used

together to pinpoint the center of a tar-

get with a laser spot and instantly read the temperature

from distances to 110 feet. Areas as small as 6” can be

measured from up to 60 feet away. The thermometer

is used to check heating and cooling efficiency of run-

ning equipment; monitor electrical systems, motors,

or bearings; or spotcheck temperatures during man-

ufacturing processes. It has a temperature range of

-30°C to 1200°C and operates on four AA alkaline bat-

teries or an external 69 VDC, 200 mA power source.

It is held in one hand and features a locking trigger,
audible alarms, and Recall Last Reading.

For More Information Write In No. 769

VIA Development Corp.,
Marion, IN, offers VIA
Electrical Controls De-
sign Software 5.0, an
AutoCAD-based controls
design software that
links schematics, multi-
ple reports, panel drawings, and wire labels.
Compatible with Windows 95 and NT, the software
includes a Visual Device Insertion feature that pro-
vides a graphical device menu, and a Global
Auribute Editor that permits instantaneous editing
for drawing sets. The Panel Builder module enables
users to highlight components in the device list, and
drag and drop them to create a panel drawing.
For More Information Write In No. 772
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Hyperkernel™ 4.0 software
development program from
Nematron Corp., Ann
Arbor, M1, enables software
developers to implement
hard real-time systems
applications that execute
cooperatively with Windows NT and 3.51. The pack-

age includes one seat development system, one run-
time license, test software for benchmarking system
performance, and documentation. It enables devices
such as robots, process controllers, and machine
control systems to be configured as application
servers on any standard network system. The soft-
ware features highspeed timers, memory manage-
ment, file system services, task scheduling and prior-
itization, and interrupt handlers.
For More Information Write In No. 759

Dynapro Technolo-
gies, New Westmin-
BC, Canada,
offers the Ergo
Touch 4000 PC-
based flat panel
computer that in-
corporates  Near
Field Imaging (NFI)
touch technology.
The computer features clear optics and a customiz-
able TouchSurround™, which enables OEMs to tailor
the touch input area to reflect a user’s specific keys,
buttons, and logos. It features up to 200 MHz
Pentium technology, is NEMA 4X rated on the front
panel, and is available in display sizes of 10.4”, 12.17,
13.8”, and 17.7".
For More Information Write In No. 762

ster,

The VAMP-Pan Vista
17.7" color flat panel
display from Computer
Dynamics, Greenville,
SC, features 1024 x 768
resolution and offers
the same viewing area
as a 21” CRT. Display sizes of 15.1” and 13.8” are
available, as well as an optional guided acoustic wave
or resistive touchscreen. The unit features a display
of 512 colors, 150 nt brightness, and a 25:1 contrast
ratio. It accepts synch-on-green, composite, and
other custom analog signals. System dimensions for
the open{frame unit are 18.7 x 14.3 x 3.5”. En-
closures and swing-arm mounts for wall, ceiling, or
machine mounting are available. The unit consumes
30 waus and is rated for operation in 0°C to 40°C.
For More Information Write in No. 770

The Airstroke® 2M2A
Microactuator from
Firestone Industrial
Products, Carmel, IN,
is a pneumatic bel-
lows-type air spring
with a maximum dia-
meter of 2.2” and a
height of 1.2", It can
J utilize pressures from
zero to 100 psi and is suitable for small-space appli-
cations. The air spring can deliver more than one
inch of stroke and provides flexible actuation. They
can be used in place of air or hydraulic cylinders and
can lift 200 pounds at 100 psi.
For More Information Write in No. 748

www.nasatech.com

Warner Electric
Div. Dana Corp.,
South Beloit, 1L,
has introduced
the TD and TDC
Series brushless
DC servo sys-
tems, which are
available in 8-
amp and 16amp peak output current rating ver-
sions. The TD Series system includes an amplifier
and power supply; the TDC Series includes the
amplifier, power supply, and a positioning con-

troller. The systems were designed for applications
requiring pre-engineered and pre-packaged DC
SEIvo systems.

For More Information Write In No. 760

The PEM® Type FH4™ self-
clinching flush-head studs from
Penn Engineering & Manu-
facturing Corp., Danboro, PA,
provides strong threads in stain-
less steel sheets as thin as 0.040”.
The studs create a flush-head
assembly and lock with high
torque-out and pushout resistances. They are made
from 400 Series stainless steel and were designed for
use in stainless steel sheets with a hardness of HRB 92
or less. The studs are installed by placing them in
punched or drilled holes in the sheet and squeezing
them into place with a standard press. They are avail-
able in thread sizes of #4-40, #6-32, #8-32, and #10-32,
and in millimeter sizes of M3, M4, and M5. Lengths
range from 0.250 to 1.5” and 6 mm to 35 mm.

For More information Write In No. 763

Sixnet, a Digitronics
Clifton Park,
NY, has introduced
Sixlog remote data-
logging software for
Windows-based sys-
tems. It
data-logging in remote sites in Windows-compatible
files that can be transferred back to a host Windows
system for playback and analysis. The program
includes a Windows setup utility that allows users to
drag I/0 tags definitions from popular Windows
applications. Up to 1 MB of data can be stored in bat-
tery-backed memory; data can be stored as fast as 10
milliseconds. Files can be retrieved and stored in
Windows 3.1, 95, and NT systems.

Co.,

provides

For More Information Write In No. 771

The IM481H hybrid
microstepping  driver
from Intelligent Motion
Systems, Marlborough,
CT, measures 1.1 x 2.7 x
0.17" and features short-
circuit and thermal pro-
tection, adjustable automatic current reduction, and
single supply at full step and fault outputs. The 96-waut
bipolar drive accepts an input voltage of 12 to 48 volts
and incorporates ASIC technology to reduce heating
and allow low inductance stepper motors to be used.
The driver has 14 built-in microstep resolutions from
400 to 51,200 steps/revolution in binary and decimal
that can be changed without resetting the driver.
For More Information Write In No. 776

continued on page 91
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0 Commercialization Opportunities

Lightweight, Thermally
Insulating Structural Panels
Structural panels have been devel-
oped with superior thermal-insulation
properties. Compared with earlier pan-
els, these have about 50 percent less
mass density and 30 percent less thermal
conductivity.
(See page 32.)

Successive-Approximation ADCs
With Capacitive Coupling
Prototypes of analog-to-digital con-
verter (ADC) circuits have been devel-
oped that will be incorporated into
advanced video cameras. These ADCs
contribute to miniaturization and offer
other features.
(See page 46.)

MucH More THAN
A PrRETTY PicTURE (FRAME)

Our competitors say, “Oh, Cardinal’s just a picture frame company!” Sure, we
manufacture picture frames, but that’s just one of the many markets where we
shine. Just take a look at this 6-hole, multi-hollow extrusion piece...

MOST EXTRUDERS WOULDN'T EVEN QUOTE THE JOB ...
They claimed it was too difficult to economically manufacture due to its
difficult shape, varying wall thicknesses, and extensive fabricating.

... BuT CARDINAL COULD, AND DID IT ALL!

Extruding the complex profile was the easy part. What
kills our competition is their tremendous cost in

tooling and the numerous set-ups ...

FABRICATED IN 10 MINUTES!
Our fully automated, multi-functional
fabricating equipment allowed us

to completely fabricate this
component in one work

cell in less than ten

minutes!

ALL THIS FROM A SINGLE SOURCE ...

Extruding, fabricating, finishing—oh yea, and picture frames—
it’s all here at Cardinal, your single source for high-tech
aluminum extrusions since 1946. Give us a call today.

1-800-EXTRUDE |
dardinal Aluminum Co.

6910 Preston Hwy.  P. O. Box 19987 e Louisville, KY » 40219-0987
1-800-EXTRUDE ¢ Fax: (800) 969-6910

offer over 60 stock powder coat finishes,

five 2-step architectural hard coats, plus any
custom match—all with the surface finish of
your choice. And with our Image Graphics, your

THE BIG FINISH

Next we applied our

standard decorative etch

black anodize—one of over 20
anodizing colors available. We also

extrusions can look like any material!
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Time-Interval Unit Achieves
Picosecond Resolution

This unit incorporates GaAs or other
high-speed, low-jitter semiconductor cir-
cuitry, which increases accuracy.
(See page 50.)

High-Pressure, High-
Temperature Oxygen
DTA/TGA System

A laboratory system was developed for
performing differential thermal analysis
and thermogravimetric analysis of mate-
rials at high temperatures in high-pres-
sure oxygen. The system can be used to
identify materials that are safer and less
vulnerable to oxygen. Other gases may
be used instead of oxygen.
(See page 60.)

Sputter Texturing to Prepare
Surfaces for Bonding

This process can be used to texture
complexly shaped surfaces to increase
bonding strength between parts; e.g.,
metal fixtures to composites. It can also
texture prosthetic devices; e.g., hip
implants to promote bonding of tissue
to the implant after the surgery.
(See page 81.)

Fiducial Grids for
Hi‘ih-Resolution Beam
Lithography

A fiducial grid and new method can
determine the position of a beam to
within a few nanometers. Such precision
is critical for making high-resolution
masks with patterns accurate enough for
x-ray lithography of state-of-the-art inte-
grated circuits.
(See page 82.)

Instrument Measures
Populations of Microbes
in Water

An “on-line microbial analyzer” mea-
sures population densities of several
species of microbes in flowing water.
The instrument was conceived for moni-
toring harmful microbes in hydroponic
nutrient solutions. Modified versions
could be used for monitoring drinking
water and treated wastewater.
(See page 89.)
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We just tilled
half a micron wide.

Filling a little hole may not
seem like a big deal.

Until you realize we're refer-
ring to the 0.5-micron incre-
mental motion of our new TS
Series translation stages.

The TS Series gives you
exceptional bi-directional
repeatability, velocity, and
accuracy. So it's the perfect
choice for a whole stack
of precision test, assembly,
and research applications.

And since the TS Series
rounds out our precision

For More Information Write In No. 656

a hole

motion product line, now
you can look to Newport
for stages with incremental
motions from 0.025 to 100
microns. Which means you're
assured the precise combi-
nation of price-performance
your application needs.

Now it's up to you to see if
the TS Series fills a hole
in your application. Just
request our new catalog at
1-800-222-6440.

Or visit our website at
www.newport.com

For details on the com

line of Newport precisi

motion systems and products,
request our new 1997 Motion
Control catalog today.

www.newport.com/catalog

QD

Newwport

www.newport.com

2-5440, 714-863-3144, Belgium: 016-402927, Canada: 905-567-0390, France: 1-60916868, Germany: 0615 0,
2-924-5518, Netherlands: 030-6592111, Switzerland: 01-740-2283, Taiwan R.0.C.: 886-2-506-2366, UK: 01635-5217

SEE US AT CLEO, BOOTH 512



Special Focus: Advanced Composites,

Plastics & Metals

Microwave-Induced Combustion Synthesis of
Ceramic/Metal Composites

Heating proceeds from the inside out rather than from the outside in.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Microwave-induced combustion syn-
thesis has shown promise as a technique
for making improved ceramics and
ceramic/metal composites. Combustion
synthesis is also called self-propagating
high-temperature synthesis (SHS) be-
cause it involves exothermic reactions
that, once started, sustain themselves
and propagate through the mixture that
is the precursor of the material to be
synthesized. SHS offers an attractive,
energy-efficient approach to the synthe-
sis of high-temperature composite mate-
rials and metastable phases. Microwave-
induced combustion synthesis provides
advantages over older techniques of
SHS, as explained below.

Heretofore in SHS, it has been com-
mon practice to ignite the exothermic
reactions at the surfaces of the samples
of precursor mixtures by use of ther-
mal radiation. In a given case, the ther-
mal radiation can be delivered via a
laser beam or from a heating coil
placed close to the surface of the sam-
ple. Alternatively, the entire sample
can be heated to the ignition tempera-
ture in an isothermal furnace. The
common feature of these ignition tech-
niques is that they produce gradients
of temperature in the samples; the sur-

that of the product material obtained in
SHS induced by exterior heating. The
interior heating in microwave-induced
combustion synthesis can also lead to a
more complete conversion of reactants
from the precursor mixture.

An experimental study was conduct-
ed to demonstrate microwave-induced
combustion synthesis and to compare it
with conventional SHS, using the model
reaction 3TiO; + 3C + (4 + x)Al - 3TiC
+ 2A1,05 + xAl In some experiments,
the precursor material contained no
excess aluminum (x = 0); in others,
there was excess aluminum (x=4). (In
a production scenario, one would incor-
porate excess aluminum if one desired
to achieve a denser composite product
by allowing the molten aluminum gen-
erated in the exothermic reaction to
infiltrate the pores of the ceramic
matrix of the product. The ductile alu-
minum offers the potential for tough-
ening of the otherwise brittle composite
material.)

In the experiments, various samples
were subjected to slow and fast heating
by external and microwave techniques,
and some of the samples were uniaxial-
ly pressed at levels from 200 to 1,400 psi
(1.4 to 9.7 MPa). In all the cases of slow

heating, the reactions were incomplete;
that is, the precursor materials were
not converted completely to the com-
posite product. For x = 4, solid Al;Oq
whiskers were observed in the
microwave-heated samples, whereas
hollow Al,O; whiskers with bulbous
heads were observed in the conven-
tionally heated samples (see figure).
The x = 0 samples processed with fast
and slow microwave heating reached
higher densities than did the conven-
tionally heated samples.

This work was done by Martin B.
Barmatz and Tzu-Yuan Yiin of Caltech for
NASA’s Jet Propulsion Laboratory. For
Sfurther information, write in 30 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

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288

Refer to NPO-19637, volume and number
of this NASA Tech Briefs issue, and the
page number.

faces being always hotter
than the center.
Microwave-induced com-
bustion synthesis is suitable
for cases in which the pre-
cursor materials have little
or no electrical conductivity.
The microwaves penetrate a
sample of such a material,
delivering heat to the interi-
or. The interior heating
results in a temperature gra-
dient that, qualitatively, is
the reverse of the gradient
produced by thermal radia-
tion. Thus, the combustion
front propagates radially out-
ward from the center of the
sample. The microstructure

19.89y 1S .08kV

18 .88y 15 .88kV
e

of the product material can
be completely different from
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These Scanning Electron Micrographs of uniaxially pressed samples show different whisker microstructures, sug-
gesting different formation mechanisms.
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® Advanced Thermomechanical Fatigue (TMF)

Testing of Composites
Degradation of measured elastic properties yields insight into the accumulation of TMF damage.

Lewis Research Center, Cleveland, Ohio

An advanced method for the thermo-
mechanical testing of composite materi-
als can be implemented in conjunction
with any conventional or unconvention-
al load-controlled cyclic thermomechan-
ical fatigue (TMF) test (see Figure 1).
The method involves the incorporation,
into each collected TMF cycle, of mea-
surements of the coefficient of thermal
expansion (CTE) and of the isothermal
static modulus of elasticity (E). Thus, CTE
and Eare determined as functions of the
cycle number. The evolution of the values
of these parameters as the TMF test pro-
gresses yields insight into the accumula-
tion of damage within the specimen.

The measurements of CTE and E are
automated. The basic TMF test condi-
tions are altered only slightly. Figure 2
illustrates the method as applied during
a typical TMF test with conventional in-
phase cycles in which the temperature
is cycled between lower and upper lim-
its of T) and T, respectively, while an
applied tensile load is cycled from zero
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to a specified maximum, in phase with
temperature.

After each TMF cycle designated for
data collection, the specimen is subject-
ed to a thermal cycle identical to that of
the TMF test, but the load is kept at
zero. This thermal cycle is represented
by the horizontal line from 7; to 7;. The
thermal expansion of the specimen is

measured during this thermal cycle by
use of a high-temperature extensome-
ter, yielding data on the thermal strain
response, by which CTE is calculated.
When the temperature reaches T; , itis
held there for a short time, during which
E is measured by applying a small load
and measuring the strain; this measure-
ment is indicated by the line marked

———— Stress ~——— Stress
-~ =~ Temperature -~ ==~ Temperature
s e
: !
ik . N » = A N »
I\ I\ E I\ 7\
S\ N gy A P PN
St s / A ol ° |-/ \ LA 2o XA \
/ \ 7 \ 7/ \ / \ / \ /] \
§ L/ \\ 7 \ / \\ g \ /] \
4 \/ \/ \
Time —> Time —>
OUT-OF-PHASE TMF CYCLES IN-PHASE TMF CYCLES

Figure 1. These Thermomechanical Fatigue Cycles are commonly used to test specimens of compos-
ite materials under relatively simple controlled conditions.

www.nasatech.com

NASA Tech Briefs, May 1997



There’s no
distorting the fact:

Ultradur® S

significantly reduces
part warpage.

IPR——— ,
- ] I

New Ultradur®S PBT alloy significantly reduces your part warpage and distortion

when compared to conventional glass-filled (GF) PBTs and other resins.

The source is BASF.

Ultradur S PBT alloy also has improved surface appearance and flowability.

The GF PBT is Ultradur S.

Additionally, the lower density of Ultradur S PBT alloy helps you produce parts
The savings are real.

more economically. Upon refiection, these benefits derive from only one source.

Ultradur S

To learn how Ultradur S PBT alloy and other Ultradur PBT products work for your application,
contact BASF at 1-800-BC RESIN, visit our web site http://www.basf.com, or receive fax-on-
demand information at 1-800-TOPFAX-1.

We don’t make your products,
We help make them better.”

BASF Plastic Materials is QS-9000 and IS0 9002 certified. BAs

For More Information Write In No. 604




“E,.” At the end of the thermal cycle, the
temperature returns to 7; and is again
stabilized for a short time while a similar
measurement of E is performed, as indi-
cated by the line marked “E,.” Then the
next full TMF cycle begins. The load
applied to measure E should be small
enough so as not to introduce additional
damage. For further information, see the
following article: “An Advanced Test
Technique to Quantify Thermo-
mechanical Fatigue Damage Accu-
mulation in Composite Materials,”
Journal of Composites Technology and
Research, Vol. 16, No. 4, October 1994,
pp- 323 - 328.

This work was done by Michael G. Castelli of
Sverdrup Technology, Inc., for Lewis Research
Center. No further documentation is available.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to NASA Lewis Research Center, Commercial
Technology Office, Attn: Tech Brief Patent
Status, Mail Stop 7-3, 21000 Brookpark Rd.,
Cleveland, OH 44135. Refer to LEW-16003.
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Figure 2. The First and 1,000th Cycles of a TMF Test, with ancillary zero-stress thermal and isothermal
tensile cycles show degradation in the E and CTE of a specimen of a titanium-matrix composite material.

@ Increasing Cryogenic Fracture Toughness of Alloy 2195

A modified aging heat treatment produces a better distribution of strengthening precipitates.

Marshall Space Flight Center, Alabama

A modified aging heat treatment for
alloy 2195 has been found to yield
greater cryogenic fracture toughness
than does the previous aging heat treat-
ment. Alloy 2195 is a strong, light-
weight alloy of aluminum with copper,
lithium, and small amounts of other
metals. Increasing the cryogenic frac-
ture toughness of this alloy could
enhance its utility in tanks for holding
cryogenic fluids.

Alloy 2195 is commercially available
in the form of rolled plates. A rolled
plate as supplied by the manufacturer
is solution-heat-treated, then stretched
by several percent at ambient temper-
ature prior to aging heat treatment.
The figure illustrates the differences
between the previous and modified
aging heat treatments. The previous
aging heat treatment is an isothermal
one, in which the plate is typically
heated for 14 to 18 hours at 300 °F
(149 °C).

The disadvantage of the isothermal
aging heat treatment is that it does
not result in a repeatable and opti-
mum distribution of strengthening
precipitates in the alloy microstruc-
ture. The precipitates occur preferen-
tially along grain or subgrain bound-
aries and are distributed nonuniform-
ly throughout the matrix. The results
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are that fracture toughness is less than
it could be with a more nearly uni-
form distribution, and there are dif-
ferences among the mechanical prop-
erties of plates made from different
ingots of the same nominal chemical
composition.

The modified aging heat treatment
is a multistep, controlled-heating rate
process. In one version of this treat-
ment, the temperature of a plate is
held at 260 °F (127 °C) for 10 hours,
increased at a rate of 1 °F/h (5/9
°C/h) to 275 °F (135 °C), held at 275

Temperature

MODIFIED (MULTISTEP, CONTROLLED-HEATING-RATE)
AGING HEAT TREATMENT

Time

The Multistep, Controlled-Heating-Rate aging heat treatment produces a more favorable distribu-
tion of strengthening precipitates, resulting in an increase in cryogenic fracture toughness.
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°F for 20 hours, increased at a rate of 1
°F/h to 290 °F (143 °C), then held at
290 °F for 25 hours. Another version of
this treatment involves the same heat-
ing rate and holding temperatures but
different holding times. In comparison
with the isothermal aging heat treat-
ment, this heat treatment reduces the
concentration of precipitates along
the grain boundaries and provides an

increased and more nearly uniform
concentration of precipitates in the
matrix. The net results are increased
cryogenic fracture toughness, smaller
ingot-to-ingot differences in mechani-
cal properties, greater tolerance of
ingot-to-ingot differences in chemical
composition, and greater tolerance of
variations in prior thermomechanical
processing.

This work was done by Tina W. Malone
and William P. Stanton of Marshall Space
Flight Center and Po-Shou Chen and A. K.
Kuruvilla of IIT Research Institute. For fur-
ther information, write in 12 on the TSP
Request Card.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to the Patent Counsel, Marshall Space Flight
Center; (205) 544-0021. Refer to MFS-26359.

@ Lightweight, Thermally Insulating Structural Panels

Aerogels and radiation-control films reduce heat transfer to unprecedented low levels.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Lightweight composite-material struc-
tural panels with superior thermal-
insulation properties have been devel-
oped. These panels feature a sheet-
and-spar construction with column
(hollow-core) volumes filled with low-
density solid silica aerogel (see fig-
ure). In comparison with the previous
state-of-the-art panels comprising hon-
eycomb cores filled with opacified sili-
ca aerogel powder, the present panels
have about 50 percent less mass densi-
ty and 30 percent less thermal conduc-
tivity. These panels could be particu-
larly useful as integrated insulating
and structural members in high-alti-
tude aircraft, spacecraft, vacuum
instruments, and low-pressure-process-
ing equipment.

The spars and sheets are made of
glass-fiber-reinforced epoxy. The silica
aerogel ﬁllmsg has a mass of 1.25 Ib/ft’
(20 mg/cm”), is hydrophobic, and
exhibits high resistance to mechanical
shock. The spatially averaged mass
density of an experimental 1-in. (2.54-
cm)-thick panel, including the sheets,
spars, and insulation, was found to be
45 Ib/ft* (72 mg/cm ). Inasmuch as
most of the mass of a panel comes
from the glass-fiber/epoxy face sheets,
a thicker panel would have less overall
mass density.

The effective thermal conductivity of
the experimental panel was found to
be 0.033 W/ (m-K) at a temperature

10-mil Glass-Fiber/Epoxy Face Sheet
0.5-mil Gold-Coated Polyimide Film as Thermal-Radiation Barrier

Low-Emittance Surfaces

High-Emittance
Interior Surface

X
X

Glass/Epoxy Structural Spars

Spaces in Columns formed by spars and sheets are filled with a low-density, high-thermal-resistivity
solid silica aerogel. Gold films at the outer surfaces, midplane, and inner surface reduce the radiative

transfer of heat.

air molecule at low atmospheric pres-
sure. Conductive heat transfer is mini-
mized by choosing a glass-fiber/epoxy
composite with a low thermal conduc-
tivity and by minimizing the cross-sec-
tional areas of spars and sheets. Radia-
tive heat transfer is minimized by plac-
ing a low-emissivity film of gold-coated
polyimide films on the outer surfaces
of face sheets and at the midplane of
the panel.

This work was done by Gregory S. Hickey,
David F. Braun, Peter Tsou, David K.
Brown, William H. Mateer II, and Willis
W. Han of Caltech for NASA’s Jet Propul-

sion Laboratory. For further information,
write in 14 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

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288

Refer to NPO-19504, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.

of 24 °C. By pumping down to a vac-
uum with a residual pressure of 10~

torr (le‘l Pa), the effective ther-

mal conductivity at 25 °C was made

to decrease to only 0.0113

W/ (m-K) (see table).

Convective heat transfer in a
panel of this type is suppressed by

the solid aerogel, the interstitial

spacing of the lattice structure of

Condition Temperature (°C) Thermal Conductivity (W/m-K)
1 atm 25 0.0333
10 torr CO, -79 0.0089
10 torr CO, -27 0.0126
10 torr CO, 25 0.0163
1.2 x 10~ torr Nitrogen -78 0.0049
1.2 x 102 torr Nitrogen ~26 0.0074
0.4 x 10-3torr Nitrogen 25 0.0113

which is orders of magnitude small-
er than the mean free path of an

32

www.nasatech.com

Additional Thermal Conductivity Data for the structure as a function of pressure and temperature are
shown.
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@ Protective Coatings for Gamma Titanium Aluminides

These coatings could be used to make lightweight components for
turbine engines.

Lewis Research Center, Cleveland, Ohio

Coating alloys of general composi-
tion Ti/Al/X (where X denotes Cr,
Fe, or another suitable metal) have
been developed recently to protect
gamma titanium aluminide (y-TiAl)-
based alloys. At half the density of
superalloys, y-TiAl-based alloys are
promising candidate materials for
use at temperatures between 600 and

850 °C in turbine engines. Replace-
ment of superalloys by y-TiAl-based
alloys would increase thrust-to-weight
ratios in the engines and reduce the
costs of operating them. However,
protective coatings are needed
because bare y-TiAl-based alloys do
not resist oxidation adequately and
are potentially susceptible to embrit-
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tlement by oxygen and nitrogen; this
is especially true at temperatures
above 750 to 850 °C.

Aluminizing treatments, convention-
al MCrAlY (M = Ni or Fe) coating
alloys, and ceramic coatings for y-TiAl-
based alloys have not proven successful
because of poor mechanical properties,
mismatch of thermal expansion coeffi-
cients, or chemical incompatibility.
Promising coating alloys have previous-
ly been identified in the Ti/Al/Cr sys-
tem: These alloys exhibit excellent
resistance to oxidation and are general-
ly compatible with the 7y substrate
alloys. However, prior to the develop-
ment of the present Ti/Al/Cr alloy, the
alloys in this system had been found to
be extremely brittle.

A Ti/Cr/Al coating alloy developed
at NASA Lewis exhibits excellent com-
patibility with substrates and some
improvement in mechanical proper-
ties, without sacrifice of resistance to
oxidation. The alloy composition,
Ti/51.25A1/12.25Cr (the numbers in-
dicate atomic percentages), was select-
ed so that the microstructure consists
of the y phase with a minor volume of
the oxidation-resistant Laves phase
Ti(Cr,Al)s. By basing the coating alloy
on the y phase, one optimizes mechan-
ical properties and compatibility with ¥
substrates. The volume fraction of the
Laves phase is kept to a minimum
because it is extremely brittle.

The Ti/51.25A1/12.25Cr coating
alloy was applied to a substrate of the y
alloy Ti/48Al/2Cr/2Nb by low-pres-
sure plasma spraying. Oxidation tests at
temperatures of 800 and 1,000 °C in air
indicated that the coating alloy success-
fully protected the substrate from oxi-
dation (see figure). Evaluation of the
isothermal fatigue behavior of the coat-
ed substrate at high temperatures in air
is in progress.

The fundamental studies that led to
the development of the Ti/51.25A1/
12.25Cr alloy also provided a basis for
the selection of new oxidation-resistant
Ti/Al/X alloys. One such alloy is
Ti/53Al/11Fe. This alloy is potentially
useful as a reaction barrier between
conventional FeCrAlY oxidation-resis-
tant coatings and 7y-TiAl-based sub-
strates. FeCrAlY coatings are not chem-
ically compatible with titanium alu-
minides, and form brittle reaction
products. The Ti/53Al/11Fe alloy

NASA Tech Briefs, May 1997
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would be an excellent reac-
tion barrier because its Fe
content is intermediate be-
tween the Fe contents of the
coating and substrate, and
because it resists oxidation.

This work was done by
Michael P. Brady of the Na-
tional Research Council and
James L. Smialek and William
J. Brindley of Lewis Research
Center. For further informa-
tion, write in 79 on the TSP
Request Card.

Inquiries concerning rights
for the commercial use of this
invention should be addressed to
NASA Lewis Research Center,
Commercial Technology Office,

Uncoated

Time, hours

Attn: Tech Brief Patent Status,
Mail Stop 7-3, 21000 Brook-
park Rd., Cleveland, OH
44135. Refer to LEW-20003.

These Plots of Weight Gains show data from an experiment on uncoated and Ti/51.25Al/12.25Cr-coated
Ti/48Al/2Cr/2Nb substrates in air at a temperature of 800 °C in a furnace. At each data point, the specimen was
cooled in air to room temperature, weighed, and returned to the furnace. The data indicate that the coating pro-
tected the substrate from oxidation.

@ Copper/Graphite Composites Made With Metal

Carbide Coatings

Better composites can be produced at lower cost.

Lewis Research Center, Cleveland, Ohio

A novel method of mass-producing
copper-matrix/graphite-fiber compos-
ite materials involves coating the fibers
with suitable metal carbides, then infil-
trating fiber preforms with molten cop-
per. The copper/graphite composites
produced by this method are superior
to those made by older methods, and
the cost of production is lower.

Copper/graphite composites are well-
suited for use in advanced thermal-man-
agement applications (e.g., heatsinking
structural supports for microelectronic
circuits). When a copper/graphite com-
posite is made with high-thermal-con-
ductivity graphite fibers, its thermal con-
ductivity can exceed that of pure copper.
Copper/graphite composites also offer
lower densities and greater stiffnesses,
relative to pure copper. Yet another
advantage of copper/graphite compos-
ites arises from the negative coefficients
of thermal expansion of graphite fibers;
by adjusting the proportions of copper
and graphite and the distributions of
graphite fibers, one can tailor the ther-
mal expansions of the composites to
match those of other materials.

Heretofore, it has been difficult to
produce copper/graphite composites
because graphite is not wet by molten
copper. Some prior methods involve
the addition of alloying agents to cop-
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per or coating the fibers with metal-
based alloys or compounds to enhance
wetting, but these methods introduce
undesirable effects; for example, some
cause reductions in thermal conductivi-
ty, while others cause chemical reac-
tions that degrade the fibers.

Other prior methods involve, various-
ly, high-pressure infiltration of molten
copper into fiber preforms or hot press-
ing of copper-coated fibers into consoli-
dated forms to overcome the surface-
tension forces that prevent wetting. The
composites made by these high-pressure
methods tend to swell and develop voids
when exposed to high temperatures.

In the present method, graphite
fibers are coated with metal carbides
that are wet by molten metals, including
copper. The coating material used in
most of the experiments to develop the
method was molybdenum carbide,
which was chosen because it offers the
advantages of low density, low solubility
in copper, and relatively low cost.

In a given case, the carbide, or else a
metal or other layer that is a precursor
to the carbide, can be deposited on the
fibers by any of a number of processes;
for example, sputtering, chemical vapor
deposition, or electrodeposition from a
molten salt. The precursor can then be
reacted on or with the fiber surfaces to

www.nasatech.com

produce the carbide coats. For example,
molybdenum metal can be deposited on
the surfaces of the fibers by chemical
vapor deposition, then reacted with the
underlying fibers in a heat treatment to
obtain molybdenum carbide coats.

A preform made of coated fibers can
be made into a copper-matrix compos-
ite by immersing it in molten copper.
Because the coating material is wet-
table, the preform becomes sponta-
neously infiltrated with the molten cop-
per, without need for high applied pres-
sure. As a result, copper/graphite com-
posites can be mass-produced by rela-
tively simple casting techniques; the
cost and complexity of production by
this method are reduced, relative to
older high-pressure methods that
involve such techniques as pressure
casting, squeeze casting, hot pressing,
and hot isostatic pressing.

Unlike copper/graphite composites
made by older methods, the composites
made by the present method exhibit no
degradation of mechanical, electrical,
or thermal properties after prolonged
exposure to high temperatures or to
thermal cycling. No dimensional hys-
teresis is observed during thermal
cycling. Moreover, the composites made
by the present method can be remelted
and recast without detrimental effects.

NASA Tech Briefs, May 1997



This work was done by Joseph K. Weeks,
Jr., Jared L. Sommer, and Todd E. Jarman
of Technical Research Associates, Inc.,
for Lewis Research Center. For further

information, write in 71 on the TSP Re-
quest Card.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed to

NASA Lewis Research Center, Commercial
Technology Office, Attn: Tech Brief Patent
Status, Mail Stop 7-3, 21000 Brookpark Road,
Cleveland, Ohio 44135. Refer to LEW-16103.

Bl CEMCAN — Ceramic Matrix Composites Analyzer

Behavior can be analyzed from the constituent level to the ply level.
Lewis Research Center, Cleveland, Ohio

CEMCAN (CEramic Matrix Com-
posites ANalyzer) is a computer pro-
gram that was developed for analyzing
fiber-reinforced ceramic-matrix com-
posite materials. CEMCAN incorporates
micromechanics, macromechanics, and
laminate theories to enable a compre-
hensive point analysis of the behavior of
a composite material.

CEMCAN uses a novel fiber substruc-
turing technique that enables more
accurate micromechanical representa-
tion of interfacial conditions, and at the
same time provides a higher degree of
detail of microstresses at a very high
computational efficiency. One can eval-
uate the effects of interfacial condi-
tions, fiber/matrix breakage, fabrica-
tion parameters, degradation of materi-

al performance due to environment,
and other effects at a laminate level.
CEMCAN also provides stress/strain
relations up to failure, accounting for
redistribution of stresses as matrices in
these composites are brittle and start
cracking at relatively low stress levels.
Such a comprehensive capability from
the constituent level to the laminate
level does not exist in another comput-
er code for brittle-matrix composites.
CEMCAN is written in FORTRAN 77
for Sun4-series computers running
Solaris 2.x. A sample executable code is
included on the distribution medium.
COSMIC has successfully converted the
FORTRAN 77 code to C language by
use of the utility program f2c and has
tested the code on a Zenith Z-station VP

computer with a Pentium 75 central
processing unit running Linux 1.3.71
using gce v2.7.0 and libe v5.0.9. A math
coprocessor is required to run CEM-
CAN under Linux. The binaries and
library files for f2c are available to the
public. Details are available from COS-
MIC. The standard distribution medi-
um for CEMCAN is a 0.25-in. (6.35-
mm) streaming-magnetic-tape cartridge
(Sun QIC-24) in UNIX tar format.
Alternate distribution media are avail-
able upon request. This version of CEM-
CAN was released to COSMIC in 1996.

This program was written by P. Murthy
and C. Chamis of Lewis Research Center
and 8. K. Mital of University of Toledo. For
further information, write in 20 on the TSP
Request Card. LEW-16327

Pro, we

EXCELLENCE IN ANALYTICAL IMAGING SOFTWARE

“Counting and sizing 100
pinwindows, for example,
would take about 5
minutes. . ..With Image-
acquire the same
data within 15 seconds.”

Dean Neuberger, R&D Engineer, Sheldahl, Inc.

“We use Image-Pro to quantify and qualify pinwindows (small
areas deficient in copper). Image-Pro has the capability to see these
pinwindows, count, and measure them. With a particular intensity
range (ak.a. threshold) used on a grey-scale capture to see bright
areas, we have been able to characterize our material for pinwin-
dows and use that information for R&D and quality purposes.”

Whether you analyze materials, quantify biological samples, eval-
ualte fingerprints, or any other application where you need to
acquire and analyze images, Image-Pro Plus will deliver reliable,
repeatable results on the bardiware of your choice at a price/perfor-
mance breakthrough. Use the #1 selling software from the leader
in imaging technology -Your colleagues are! Call Today.
+(31) 715-730-639 (Europe) * 800-992-4256 (USA)

rMH]A Site License and Maintenance Pricing Available
CYBERNETICS 8484 Georgia Avenue o Silver Spring, Maryland 20910 USA » 301-495-3305 « FAX 301-495-5964 «
The Imaging Experts  hittpz/www.mediacy.com ©1997 Vedia Cybemetics. “Image-Pro Pius” and the Media Cybemetics logo are regisered trademarks of Media Cybemetics

Image.Pro

The Proven Solstion
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Earthquake-resistant

suspension bridges p

hung from cables <

of synthetic spider

silk fibers may (7'

someday be he orb-weaving spider produces one of the world’s toughest fibers.

lity. :
e Using recombinant DNA technology, DuPont scientists have created

synthetic spider silk as a model for a new generation of advanced materials.
It has been suggested that a single strand of spider silk, thick as a pencil,
could stop a 747 in flight. Whatever comparison you use, the dragline silk
—  _ofthe orb-weaving splder is an 1mpresswe material. On an equdwcfght

Fiber englneers

basis, it is stronger than steel. In addition, spider silk is very elastic. / s

!

It is this combination of strength and stretch that makes the energy-to-
break of spider silk so high. Simply put, it is the toughest material known.

Spider silk is merely the most dramatic example of a sizable family of
biopolymers possessing a combination of properties that synthetic materials
cannot yet approach. At DuPont, our researchers are lookiné to these natural
materials as paradigms for the design and synthesis of a new generation of advanced
structural materials.

Secrets of spider silk, unraveled. Learning exactly how the spider makes its silk
is important because this knowledge can serve as the basis for a new generation of ma)& al#
Fundamental to achieving these materials is the ability to control all aspects of the

material architecture, beginning at the molecular level. Recombinant DNA

technology provides a practical route to harnessing the power of the
biosynthetic 'brocess to control polymer sequence and
s cham length to a degree that is
3 otherwise impossible.

~ Abroad range of mechanical properties is acce&sibld.\
. by careful selection of the appropriate building
- blocks as are more sophisticated

~
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= What makes spider silk so tough? B b, 3 g
A unique combination of strength and streich. b K S h
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Chrysops callidus, L
" the common deerfly

..unwitting inspiration «
- _behinda remarkable -

- For spider silk, we used advanced computer simulation

. techniques to design a molecular model that integrates all the
_ information available to date about the structure of this amazingly
strong and elastic fiber. Synthetic genes were designed to encode analogs
“~._of thesilk proteins. These genes were inserted into yeast and bacteria and the protein
a}iak)gs were produced. The biosilk was then dissolved in a solvent and the protein

/ N
was spun into fibers using spinning techniques similar =

a3

1 \. to those of the spnder

uchi as DuPont Lycra®brand spandex and
ecduse itlis lightweight, tough and elastic, bi

- - may also have application:
,_”—

in satellites and aircraft.
More importantly, the new generati
of advanced materials that spider silk resea
i may bring about has the potential to transform
;: our lives in countless ways we can scarcely imagine.
./ Ithasbeen over 50 years since the discoveries of

-/ Wallace Carothers and his team that gave the world nylon
and ushered in the age of polymers. Based upon the success of our initial demonstrations,
~/  webelieve that harnessmg biosynthesis will play a major role in the new materials revolution.

What do you see that we cannot? Throughout the history of DuPont, many of our most

) nt contributions have come to market only through collaboration with other companies.
Ifthe substance of this article leads you to conclude that a partnership opportunity may exist
between your organization and DuPont, we invite you to fax us on company letterhead with
an indication of your interest to: DuPont, Dept. NT, 302-695-7615. Please limit your corre-
Spondence to non-proprietary, public-domain information only.

3 /
A
//:‘ /‘// ,

Better things for better living

For More Information Write In No. 652



@ Advanced Composites, Plastics & Metals

Instrument Specialties,
Delaware Water Gap, PA,
has introduced extrud-
able EPDM-based con-
ductive elastomers for
EMI/RFI shielding and
environmental sealing in
semiconductor manufac-
turing equipment, med-
ical electronics, and com-
puter drive belts. Because
they can be extruded into hollow-core profiles, the elastomers offer
low compression forces and a broad operating range.

Compatibility with polar fluids and resistance to fluid intrusion,
ozone, weathering, tearing, and abrasion make them suitable for
applications where silicone and floursilicone cannot be used.
Available conductive fillers include silver-plated nickel, which pro-
vides shielding effectiveness of >100 dB; silver-plated aluminum for
>90 dB; silver-plated glass for 75-80 dB; nickel-plated graphite for >70
dB; inert aluminum for >50 dB; and carbon for >30 dB.

For More Information Write In No. 736

Mearthane®  conduc-
tive polymers from
Mearthane Products
Corp., Cranston, RI,
are abrasion resistint,
feature the coefficient
of friction of polyure-
thane, and can store or
dissipate an electrical
charge at varying levels
of resistivity. The con-
ductive urethane poly-
mers are used in components for chart recorders in sensitive envi-
ronments; vehicle wheels; static management for semiconductor
manufacturing; electrostatic dissipative parts bins, enclosures, seals,
and sheet materials; and insulators for medical devices.

The elastomers use 0.1% to 10% liquid conducting additives by
weight, ensuring even distribution of electrical properties without
degrading the polyurethane’s natural strength, resilience, thermal
stability, and other physical properties.

For More Information Write In No. 732

Nuclear Metals, Concord, MA,
offers metal powders produced
from titanium, zirconium, alu-
minum, common steels, stain-
less steels, and cobalt- and nick-
el-based superalloys. The pow-
ders feature high yields within
a narrow particle size range for
use in orthopedic and dental
implants, and low-density metal
matrix composites.

Particle size ranges from
1000 microns to 45 microns.
The highly spherical powders
are free of nonmetallic con-
taminants, enabling their use
as coatings and for powder
metallurgy consolidation tech-
niques. The powders are manufactured in an inert atmosphere with
cleanroom processing.

For More Information Write In No. 731

Ametek Specialty Met-
al Products Div., Wall-
ingford, CT, offers
HIVOL™ silicon car-
bide aluminum com-
posites in simple and
complex fabricated
shapes and in most
net-shaped parts.
HIVOL is a 68% by
volume fraction alpha
silicon carbide com-
posite available in two
metal matrix versions: HIVOL B, a 2014 aluminum matrix; and
HIVOL C, an aluminum/12% silicon matrix.

The composites can be supplied in plated or unplated versions and
are suitable for electronic applications such as chip mounting, heat
sinks, circuit boards, power supplies, lids, covers, and thermal spread-
ers. They are also used in personal computers, radar and telecom-
munications systems, and electric vehicle prototypes.

For More Information Write In No. 741

Electronic Materials, Brecken-
ridge, CO, has introduced the
Emcast 1820 Series of ultravio-
let epoxies, which provide
resistance to water and other
forms of moisture, and contain
no solvents. The 100% solid
epoxy systems are designed for
use as adhesives, coatings, and
sealants. They cure to solvent-
and chemical-resistant adhe-
sives with minimum shrinkage
upon exposure to safe long-
wave UV light.

The series consists of the
1820, 1821, 1822, and 1823,
which all vary in areas of hard-
ness and Tg. Also available are
UV, UV/heat, and visible light cure epoxies for use in electronics
manufacturing.

For More Information Write In No. 733

CHO-SHIELD® 2052
plastic coating from
Chomerics, div. of
Parker Hannifin, Wo-
burn, MA, provides
EMI shielding on plas-
tic enclosure materials
such as polycarbonate,
ABS, PC-ABS, Noryl,
and PVC. The conduc-
tive coating consists of
silver-plated-copper
particles dispersed in a
one-component, acrylic resin system. The coating is compatible with
commercial application technologies, including high-volume/low-
pressure spray systems and propeller-agitated pressure pots.

The abrasion-resistant coating is stable at high and low tempera-
tures, and in high humidity and moderate salt fog environments. It is
available in quart, gallon, and five-gallon containers; prices range
from $85 to $100 per gallon.

For More Information Write In No. 735
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Here’s an offer that szmbo;i;es bcilg savings for !ou!
ows 95,and y

Buy AutoCAD LT* for Win

package of your choice, FREE!
Architectural, Mechanical & Electrical Symbols are full-scale,

industry standard drawings that let you customize AutoCAD LT

ou’ll get a Symbols

software for your professional design and drafting needs—
instantly eliminating tedious hours from your drawing process.

Of course, with AutoCAD LT, you'll eliminate a lot of hassles
right from the start. It’s the only basic CAD program for archi-
tects and engineers that allows files to be shared quickly,

Here’s how to get over 2,000 FREE Symbols!
1. Purchase AutoCAD LT between April 1, 1997 and June 30, 1997.
2. Mail the following to Autodesk, Inc. by July 31, 1997:

+ This COMPLETED promotion certificate.
«  Photocopy of your AutoCAD LT receipt or invoice.
3. Mailto: Autodesk Symbols Offer

4340 Redwood Hwy, Suite 229
San Rafael, CA 94903

accurately and worry-free with over two million AutoCAD and
AutoCAD LT users worldwide. That covers practically the entire
CAD world, from colleagues to contractors to clients. And with
Symbols, you can be sharing those files a lot sooner.

To get over 2,000 Symbols FREE, just pick up your copy
of AutoCAD LT. But hurry—this offer ends June 30th, and
every hour you wait is time you could be saving! ¢5

o
» To get the complete AutoCAD LT picture, A k
see AutoCAD LT at your local software reseller. m Auto des .
%

Your Name
Address (no PO boes, please)
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Country

Or call 1-800-228-3601 and ask for DemoPak A127.
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on our Web site at www.autodesk.com/a127.

-
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ORL Store where purchased

Choose one: [ Over 2,000 Architectural Symbols
[ Over 3,600 Mechanical Symbols [ Over 2,500 Electrical Symbols
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7/31/97. Mot vaiid with any other Autodesk offet or for product purchased under Autodesk Education, Government ount agreements. Prices listed are in US.
currency. Allow 4-6 weeks for processing. © 1997 Autodesk, inc All rights reserved. Autodesk, the Autodesk logo and AutoCAD are registered trademarks of Autodesk, Inc
All other trademarks or registerad trademarks are the property of their respective owners.
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@ Advanced Composites, Plastics & Metals

AURUM thermoplastic polyimide
from Mitsui Toatsu Chemicals,
Purchase, NY, features heat resis-
tance to 288°C, tensile strength to
39,000 psi, and is injection-mold-
able. Applications in the automo-
tive, machinery, aerospace, and
semiconductor equipment indus-
tries include jet engine compo-
nents, check valve balls, spline
couplings, heat-resistant gears and
vanes, carriers for aluminum hard
disks and silicon wafers, and bear-
ing retainers.

The engineering plastic is avail-
able in molding pellets and pow-
der, film, extruded stock shapes,
monofilaments, metal/polyimide laminates, thin-wall tubing, and
composite prepegs. It provides tight tolerancing without machining
or post-curing.

For More Information Write In No. 737

Duratron” HP heat-
resistant plastic from
Polymer Corp., Read-
ing, PA, can be ma-
chined into dimension-
ally stable structural
parts designed for con-
tinuous use at tempera-
tures to 304°C. The
polyimide is available in
- rods, bars, and plates,
and features low outgassing, low levels of ionic impurities, and resis-
tance to aromatic hydrocarbons, acids, and bases. Applications in the
semiconductor manufacturing industry include melt-resistant insula-
tors and connectors, and for parts in plasma arc etching chambers.
Also available are two lubricated bearing grades: Duratron 150,
which contains 15% graphite; and Duratron 400, which has 40%
graphite. The graphite-lubricated materials are used in applications
such as severe-service bearings, where little or no lubrication is possi-
ble and temperatures exceed 260°C.

For More Information Write In No. 734

Master Bond, Hacken-
sack, NJ, has intro-
duced EP30LTE two-
part epoxy, which
cures at room tem-
perature or more
rapidly at elevated
temperatures. It fea-
tures a thermal ex-
pansion coefficient of
less than 12 x 10°
in/in/°C and shrink-
age upon cure of less
than 0.0002 in/in.
The epoxy is suited for applications that are exposed to repeated
rapid environmental changes. It produces bonds to both similar and
dissimilar substrates and is chemical resistant. The 100% solid system
does not contain solvents or diluents, is an electrical insulator, and is
available in 1/2-pint, pint, quart, gallon, and five-gallon Kkits.

For More Information Write In No. 738

GAR-DUR® plastic polymer
from Garland Manufacturing,
Saco, ME, is an ultra-high- molec-
ular-weight plastic material avail-
able in a variety of shapes, includ-
ing bars and boards over 10’ in
length, rods up to 8” in diameter,
tube stock to 6-1/2” in diameter,
tape, and custom profiles. The
material is abrasion resistant, self-
lubricating, impact resistant,
reduces noise and vibration levels
in machinery, and is resistant to
rust and corrosion.

Applications include rollers,
gears, sprockets, valves, bushings,
bearings, chain guides and rails, and machine components. It is FDA-
and USDA-approved for food and beverage applications and has a
coefficient of friction of 0.14. The material is thermal stable in tem-
peratures from -273°C to +93°C.

For More Information Write In No. 739

AlliedSignal Plas-
tics, Morristown,
NJ, has introduced
UltraTough™

Capron® HPN
glass-reinforced
resins in grades

that provide from
15 to 40% glass
reinforcement,
with one grade that
also provides 40%
mineral reinforce-
ment. Applications
include parts used in the automotive, power equipment, and pro-
tective equipment industries.

Six types of resins are available: the Capron® HPN 9315G, 9325G,
9333G, 9340G, 9350G, and 9362G. They are heat resistant and fea-
ture fast flow-in and freeze-off in injection molding production.

For More Information Write In No. 740

DuPont Engi-
neering Poly-
mers, Wilming-
ton, DE, offers
two resins: Ze-
nite”  liquid
crystal polymer
resin and Cras-
tin® 93 PBT
thermoplastic
polyester resin.
Zenite LCP resin

is suited for high
flow to fill detailed components and features high temperature
resistance, dimensional stability, mechanical strength, and UL94
V0 and IEC 85 recognition.

Crastin is available in two glass-reinforced grades: LW9330 with 30
percent glass fiber reinforcement; and LW9320 with 20 percent glass
fiber reinforcement. The resins are made using a proprietary alloying
technology and provide low specific gravity and minimal warpage.

For More Information Write In No. 730

42 www.nasatech.com

NASA Tech Briefs, May 1997



Announcing the First LED
unlight Readable, Mil-Spec Switch

Introducmg the VIVISUN LED

| After 10 years of research and development, VIVISUN bas /m)duco(l ) ‘
‘ LED lighting that meets the toughest standards in the industry.,.ours. :
| () This new revolutionary switch is sunlight readable and NVIS compliarnt- ‘ =
- per MIL-S-22885E and MIL-1-85762A. Additonal features include:—\ | el B
) . Low Power  Low Heat / Low Touch Temperature § ]
Solderless Quiik-Connect™ o Exceptional Lead Times |

)| (N | The Complete Switch £ O Y §
‘ [\ : 3 &

‘ [ ] , \ .
% ‘ Contact us today: ] T e 1 ]
© sErospace opTICS INC. .

y Toll Free (888) VIVISUN e ey
Fax: (817) 654-3405
B W o\ Email: switches@uivisun.com [ —




Electronic Components

and Circuits

Micromachined Devices
Shielding electrodes would suppress capacitive coupling with the micromachined

semiconductor material.

NASA's Jet Propulsion Laboratory, Pasadena, California

An improvement has been proposed
for the capacitive sensors that are used
to measure displacements between
structural members in micromachined
electromechanical sensors and actua-
tors. These micromachined devices
are made largely of semiconducting
materials (usually silicon), the elec-
tromagnetic properties of which vary
with temperature and with electric
fields, including the electric fields
of the capacitive sensors. In a typical
device of this type, the capacitive cou-
pling with the semiconducting materi-
al therefore introduces spurious tem-
perature- and electric-field-dependent
signal components that degrade the
accuracy of the capacitive measure-
ment of displacement (see Figure 1).
The proposed improvement would
eliminate these spurious signal com-
ponents.

The proposed improvement is based
on the shielding-electrode concept,
(shielding electrodes have also been
called "guard" electrodes), which has
been used for many years and in many
different applications to suppress spu-
rious capacitive coupling. Instead of
mounting the sensing electrodes in
nearly direct contact and in close
capacitive coupling with the microma-
chined semiconductor substrates, the
sensing electrodes would be incorpo-
rated into sandwich structures that
would include shielding electrodes
interposed between the sensing elec-
trodes and the semiconductor sub-
strates (see Figure 2). A layer of dielec-
tric material (which would be relative-
ly insensitive to temperature and elec-
tric field) would separate each sensing
electrode from its shielding electrode,
and another layer of the dielectric
material would separate the shielding
electrode from the substrate.

Of the circuit configurations that
could be used to implement the

essarily the most practical). By
use of a high input-imped-
ance, unity-gain buffer ampli-
fier, each shielding electrode
would be driven at the same
voltage as that applied to the
associated sensing electrode.
This arrangement would
effectively eliminate capaci-
tive coupling between the
sensing electrode and the
semiconductor substrate; each
sensing electrode would be
capacitively coupled only to
the other sensing electrode
and other nearby objects on
the side facing away from the
shielding electrode.

This work was done by
Benjamin P. Dolgin, Frank T.
Hartley, and Paul M. Zavracky
of Caltech for NASA's Jet Pro-
pulsion Laboratory. For fur-
ther information, write in 5 on
the TSP Request Card.
NPO-19739

Q@ Improved Capacitive Gap Sensors for

Dielectric Material

Metal Sensing
Electrode

Semiconductor
Susstrate

|
1
[
1
:' z _-Gap To Be Measured
S Capacitively

7

Capacitance-
Measuring
Circuit

Figure 1. Capacitive Coupling between the sensing elec-
trodes and the semiconductor substrates introduces spuri-
ous temperature- and electric-field dependent signal com-
ponents (represented here as originating in the addition-
al series impedance Z).

Dielectric Material

7
Semiconductor
Substrate

Shielding Electrode—s»
Sensing Electrode—""

_-Gap To Be Measured

Capacitively

7

%

Capacitance-
Measuring
Circuit

b

Figure 2. The Sensing Electrodes Would Not "See" the Shielding Electrodes, from the perspective of
capacitive coupling, because the shielding electrodes would be driven at the same potentials.
Because of the shielding effect, the sensing electrodes would also not “see” the semiconductor sub-
strates. However, the sensing electrodes would "see" each other, as desired.

shielding electrode principle, the one
shown in Figure 2 is conceptually the
most straightforward (though not nec-
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DuPont Vertrel has more answers
for your precision cleaning needs.

The DuPont Vertrel® family of solvents offers the versatility and
performance you’ve been looking for. A broad range of Vertrel®
cleaning and defluxing alternatives provide you with the solution

that best fits your application.

More than just cleaning

Vertrel® is the best and only solution for all your needs. It uses
advanced HFC (hydrofluorocarbon) technology to bring solutions to
rinsing and drying applications. It’s also an outstanding carrier fluid
for fluorolubricants and silicone.

All formulations are environmentally acceptable as alternatives to

ozone-depleting substances. And low toxicity and nonflammability

make Vertrel® safe to use.

To learn more about confident solutions from DuPont Vertrel®,
call 1-800-441-9281.

Vertrel® is a registered trademark of DuPont.

For More Information Write In No. 552
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O Selectable PCM Format Generator
John E. Kennedy Space Center, Florida

The Selectable Pulse-Code-Modu-
lation (PCM) Format Generator (“SPF
Generator,” for short) is a portable,
lightweight test apparatus used to verify
the capability of ground support equip-
ment (GSE) prior to connecting the
GSE to telemetric flight electronic
equipment, and to verify the proper
operation and configuration of demul-
tiplexers. The SPF Generator was devel-
oped to replace a PCM Simulator that
had to be programmed anew, by use of
push-button panel switches, for each
new telemetry-data format. By means of
a switch, the SPF Generator can be

made to use either a clock signal gener-
ated externally or a clock signal gener-
ated internally by a crystal oscillator,
counters, and comparators. The clock
signal is used to control address coun-
ters in an Erasable Programmable Read-
Only Memory (EPROM). There are six
EPROMs, one of which is selected via a
rotary switch to select the required data
format. At each address, a byte of infor-
mation is read from the chosen EPROM
and sent to a parallel-in/serial-out shift
register. The data are then transformed
into emitter-coupled-logic-level signals
for an interface with the GSE. A com-

puter program written to facilitate the
use of the SPF Generator prompts the
user for input parameters needed to
construct a telemetry file, then pro-
grams the file into the EPROMs.

The hardware was designed by Diana
Manent and the software was written by
Torrey Maggard, and José |. Amador of
Kennedy Space Center. For further
information, write in 58 on the TSP
Request Card.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to the Patent Counsel, Kennedy Space Center;
(407) 867-2544. Refer to KSC-11842.

Q Successive-Approximation ADCs With Capacitive Coupling
These circuits could be incorporated into focal-plane arrays of photodetectors.
NASA's Jet Propulsion Laboratory, Pasadena, California

Two closely related types of ultra-low-
power, successive-approximation ana-
log-to-digital converter (ADC) circuits
with capacitive coupling are undergoing
development. These are prototypes of
ADC circuits that are to be incorporated
into integrated-circuit focal-plane arrays
of photodetectors in advanced video
cameras. The incorporation of these
ADCs would contribute to miniaturiza-
tion and to reduction in the number of
integrated circuits and would provide
digital output without need for separate
ADC circuits, while maintaining high
speed and low power dissipation.

The basic concept of a successive-
approximation ADC has long been
known and can be summarized as fol-
lows: An input voltage (v,) that one
seeks to represent digitally is compared
with a known voltage (w,,) that has
been generated by a digital-to-analog
converter. A succession of such compar-
isons is made, starting with the most sig-
nificant bit and proceeding toward the
least significant bit. At each compari-
son, the next, less significant bit for
next comparison is adjusted according
to whether v, is greater or less than v,,,.
Thus, v, is made to converge toward v,
in steps and, equivalently, the precision
of the digital representation increases
in steps. A succession of n such compar-
isons yields a digital representation of
v, with a precision of z bits. In cases in
which precision no greater than 10 bits
is needed, the small number of com-
parisons offers an advantage of high
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Clamping Switch
Control Input

2."'—‘0

Veiamp
CC-MDAC

Figure 1. A CC-MDAC is based on the relationship among changes in voltages in a simple capacitor

network.

speed and low power dissipation.

For generating known voltages to be
compared with input voltages, the
developmental ADCs utilize capacitively
coupled multiplying digital-to-analog
converters (CC-MDACGCs). A CC-MDAC
is based on the relationship between
the change (A) in each of the input volt-
ages V; (j =1 to m) and the change in
the output voltage V, of the simple
capacitor network shown in the left part
of Figure 1. It can easily be shown that

m
Y cav;

J=1
m
ZCJ‘
7=1

In a CC-MDAC, shown on the right,
the bit lines are coupled via capacitors

AV, =

www.nasatech.com

to the input node of a high-input-
impedance amplifier. The capacitor for
the second bit has twice the capacitance
of that for the first bit, the capacitor for
the third bit has four times that for the
first bit, and so forth.

Initially, all bits are set to zero (repre-
sented by zero voltage) and the clamp-
ing switch is turned on momentarily to
set the amplifier input node at an initial
potential of V,,,.,,. Next, each bit is set to
its assigned value of zero or one, a one
being represented by a voltage Vj;,, on
the bit line. Using the equation shown
above, it can be shown that the resulting
output potential of the CC-MDAC is
given by

Uom = A[ Vhigh(Bl + 232 * 433 L ot
2™'B.) + Vidame)
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ONE-SIDED

Comparator

TWO-SIDED

Figure 2. One-Sided and Two-Sided successive-approximation analog-to-digital converters (ADCs)
with capacitive coupling are undergoing development. Functional units of both types have been con-

structed.

where A is the voltage gain of the ampli-
fier and B, denotes the value (0 or 1) of
the jth bit.

Figure 2 illustrates the two types of
developmental successive-approxima-
tion ADCs containing CC-MDAGs. The
one-sided version could be used for non-
differential or differential input; the
two-sided circuit is better suited to dif-
ferential input. In the case of differential
input in the one-sided version, one side
of the input could be used to establish
Viamp. Any error associated with the
clamping voltage and/or caused by volt-
age offset in the comparator can be cor-
rected digitally, either by incorporating
a corrective offset into the digital input
to the CC-MDAGC, or by similarly offset-
ting the digital output. The two-sided
version may prove to be inherently less

affected by comparator offset and
clamping errors.

This work was done by Eric Fossum and
Zhimin Zhou of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, write in 37 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

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288
Refer to NPO-19783, volume and number of
this NASA Tech Briefs issue, and the page
number.

9 Successive-Approximation ADCs With

Charge Balancing

These circuits implement an alternative approach to succes-

sive approximation.

NASA’s Jet Propulsion Laboratory, Pasadena, California

The figure illustrates a comple-
mentary metal oxide/semiconductor
(CMOS) analog-to-digital converter
(ADC) of a type that is undergoing
development for eventual incorpora-
tion into focal-plane arrays of photode-
tectors. This circuit can be used as an
alternative to the circuits described in
the preceding article, “Successive-
Approximation ADCs With Capacitive
Coupling” (NPO-19783). A functional
10-bit prototype of this circuit fits with-
in an area 24 pm wide and 3.8 mm long.

NASA Tech Briefs, May 1997

This circuit offers the same advan-
tages as do those described in the pre-
ceding article, and like those circuits,
this one is based on the concept of suc-
cessive approximation. However, this
circuit differs from those of the preced-
ing article in that it implements succes-
sive approximation according to a
charge-balancing approach, in which
two branches of the circuit successively
accumulate successively halved incre-
ments of charge in an attempt to bal-
ance the charges in the two branches.

www.nasatech.com
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Note:

Unmarked open-ended conductor
T lines like this one denote connections
that carry various clock signals

This Circuit Strives To Balance Charges in its “R” and “S" branches, successively adding successively
halved fractions of a reference charge to whichever branch contains less charge. By going through n
cycles of comparison and increment of charge, the circuit achieves an n-bit digital representation of V.
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This circuit includes two equal sam-
ple-and-hold capacitors (G, = ), two
charge-integrating amplifiers (A) with
feedback capacitors (G = &), a com-
parator, flip-flops for buffering the digi-
tal output feedback to the input termi-
nals of the charge-integrating amplifiers,
and a shift register. Initially, the charges
in both branches of the circuit are set to
zero. Next, the signal voltage (Vs) that
one seeks to digitize is converted to the
charge domain by use of the sample-
and-hold capacitors. Then by use of
other electronic switches, the resulting
charge is transferred to the charge-inte-
grating amplifier in the “S” branch of
the circuit. (If the signal voltage is dif-
ferential instead of one-sided as shown
in the figure, then the voltage from the
second signal line is similarly converted
to charge and put onto the “R” branch
of the circuit.) Next, the reference volt-
age (13) is similarly converted to a refer-
ence charge, which is then split in half
by use of C,, G, and the electronic
switches between them.

A sequence of comparisons of charges
in the “R” and “S” branches then begins.
After the first comparison, the 1/2 ref-
erence charge is transferred from G, to
whichever branch contains less charge
(as indicated by the output of the com-
parator). The 1/2 reference charge that
remains on ( is then split into two 1/4
reference charges. The charges on the
two branches are again compared, and
the 1/4 reference charge on G, is trans-
ferred to the branch that contains less
charge. This process is repeated to
obtain an #-bit digital representation of
the signal voltage: The first comparison
represents the most significant bit and
each successive comparison represents
the next less significant bit. Each time
the “R” branch is selected to receive half
of the remaining fraction of reference
charge, the corresponding bit is set to
“1”; otherwise, it is set to zero.

This work was done by Eric Fossum,
Bedabrata Pain, and Zhimin Zhou of
Caltech for NASA’s Jet Propulsion Labor-
atory. For further information, write in 38
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

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288

Refer to NPO-19784, volume and number
of this NASA Tech Briefs issue, and the
page number.
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) A Planar Separate-Bias Scheme for SHP Two-Diode

Waveguide Mixers

Bias connections are made via a compact trilayer metal /insulator/metal planar
filter structure that functions as a single-layer filter and yet provides

separate dc path for each diode.

NASA's Jet Propulsion Laboratory, Pasadena, California

A very compact arrangement for the
individual biasing of two antiparallel
planar Schottky diodes in a waveguide-
based subharmonically-pumped (SHP)
mixer has been proposed and tested.
SHP mixers require a local oscillator
(LO) at half the signal frequency (RF)
to produce intermediate-frequency
(IF) output and are often preferred at
very high frequencies where the LO
power for fundamentally-pumped mix-
ers is unavailable, and yet, SHP mixers
without individual bias require 2 to 4
times more LO power, albeit at a lower
frequency, than fundamental mixers.
To reduce the LO power requirements
for SHP mixers, separately-biased
diodes have been used in prior cir-
cuit implementations.

transmission line, two antiparallel
diodes, and a novel metal/insu-
lator/metal trilayer IF low-pass fil-
ter/transmission line. The dc connec-
tion to each diode is made via the two
identically-patterned metal conduc-
tors of the IF circuit, each of which
can be a stand-alone filter. They are
stacked over the same circuit area and
separated by an 8,000-A layer of sili-
con nitride. The thin nitride film
ensures that these conductors are
capacitively coupled so that they func-
tion together as a single IF filter but
are dc isolated.

Preliminary characterization of the
prototype circuits in waveguide SHP
mixers at 200 and 640 GHz have been

completed. At 200 GHz, the applica-
tion of appropriate bias can reduce
the LO power requirement by 3 dB
with only a 10 to 15 percent degrada-
tion in mixer performance. These
results clearly indicate that this
scheme is viable, and work is presently
underway to optimize this design for a
NASA space-borne Earth remote-
sensing instrument Microwave Limb
Sounder.

This work was done by Trong-Huang
Lee, Imran Mehdi, and Peter H. Siegel of
Caltech for NASA’s Jet Propulsion Lab-
oratory. For further information, write in
50 on the TSP Request Card.

NPO-19832

However, these im-
plementations have
needed extra ports
and fairly large by-
pass capacitors for dc
isolating the devices.
The concomitant in-
crease in the size and
complexity of the cir-
cuitry makes such
implementations un-
attractive for high-
frequency waveguide

To External
Bias Source 1
——]

IF Output <=

Signal

Signal
Waveguide

Transmi7sion Line/Filter

Single-Layer LO

Biasing Inductor

Signal
Electric-Field-Plane
" Tuner Channel

L—LO

mixers. The present
scheme utilizes the Lo
vertical space in a DC Return
waveguide channel (Bonded LO Waveguide
resulting in a com- to Block)
pact, stripline-cou- To External LO Coupling
pled biasing circuit. Bias Source 2 Probe
A separate-bias con- e
cept has been imple- f \
mented in both a IF Transmission Line/Filter With Antiparallel Diodes (Too Small To Be Shown)
200- and a 640-GHz Two Layers of DC Bias Conductors With Separate DC Bias Connections

SHP mixer that
includes a split wave-
guide block and a
quartz-substrate strip-
line circuit (see fig-
ure). The block is
based on a prior SHP
mixer design, requir-
ing only minor mod-
ifications for adding
the separate-bias cap-
ability. The stripline
circuit consists of an
LO bandpass filter/

Bias Conductor 1
Dielectric
Bias Conductor 2

SECTION A-A, SHOWING LAYERS OF IF TRANSMISSION
LINE/FILTER AND BIAS CONDUCTORS

The Waveguide Mixer Block has a traditional cross-guide configuration with the IF channel and LO waveguide perpendic-
ular to the received-signal waveguide. The separate-bias two-conductive-layer IF transmission lineffilter is housed in the IF
channel; a similar transmission lineffilter that provides electrical coupling between the diodes and the LO waveguide is
housed in the LO channel.
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Electronic Systems

Computing Supportable Bit Rates in Radio Communications
Designs and performances can be analyzed quickly.
NASA's Jet Propulsion Laboratory, Pasadena, California

A computer program quickly esti-
mates parameters that characterize the
performance of a free-space radio-com-
munication system in which a carrier
signal is modulated with binary phase-
shift keying to transmit digital signals.
One important performance parameter
is the maximum supportable bit rate,
which is the bit rate above which the sys-
tem is expected to incur a bit-error rate
(BER) above some specified allowable
value. The program calculates maxi-
mum supportable bit rates as functions
of various design parameters and oper-
ating conditions, plus other quantities
that are useful in designing the system.

To determine the maximum support-
able bit rate, one must create a system-
atic table of gains and losses of the link;
such a table is called the “link budget.”
The ultimate outputs of any link budget
are the link data margin, the link carrier
margin, and, if the link uses a ranging
signal, then the ranging margin. The
various link margins are logarithmic
(decibel) measures of the signal power
beyond that needed to ensure perfor-
mance at a specified level. For a fixed
power, performance can be improved
(in the sense that the bit-error rate can
be decreased) by decreasing the data
rate. In other words, one can trade the
data rate against the link margins.

In a typical link budget, the largest
gains are attributable to the direction-
al patterns of the transmitting and
receiving antennas, while greatest loss-
es are attributable to (1) the disper-

sion of power in the expansion of

wavefronts during propagation and
(2) the equivalent noise temperature
of the receiver. Smaller losses
are attributable to the transmitting
and receiving equipment and to
atmospheric and ionospheric disper-
sive effects.

The computer program is based on
established equations for the various
gains and losses and for the relationship
among the various gains, losses, and
margins. The inputs to the program
represent the applicable design para-
meters and operating conditions. These
inputs include the frequency band, the
distance between the transmitter and
the receiver, the power radiated by the
transmitting antenna, the total of all the
losses mentioned above, the maximum
allowable BER, the diameters of the
transmitting and receiving antennas,
the desired data margin, and the choice
of transmitting the data either uncoded
or in one of nine error-correcting
codes. Given these inputs, the program
computes the maximum supportable
data rate.

The program is written in the Excel
5.0 software system, which was chosen
because it offers excellent number-han-
dling and charting capabilities. For
example, the program can generate a
plot of the maximum supportable bit
rate as a function of the radiated power,
as illustrated in the figure.

This work was done by Anil Kantak and
Faiza Lansing of Caltech for NASA’s Jet
Propulsion Laboratory. For further infor-
mation, write in 35 on the TSP Request
Card. NPO-20039

C T e e S
40 60 80 100
EIRP, dB

This is a Typical Example of the Output of the
Program. It can be used to find the maximum
bit rate supported by a given effective isotropi-
cally radiated power (EIRP) or the EIRP needed
to support a given bit rate.

2 Time-Interval Unit Achieves Picosecond Resolution

An improved interpolation technique involves sampling the phase of a clock signal.
Goddard Space Flight Center, Greenbelt, Maryland

An electronic circuit measures the
time between “start” and “stop” pulses
to a resolution of the order of a
picosecond. Like other electronic time-
interval units, this one includes a
coarse-resolution time counter (which
counts the number of clock periods)
and measures time to a resolution finer
than one clock period by use of start-
time and stop-time interpolators. The
interpolators used in other time-inter-
val units contain various sources of

50

error that degrade the achievable accu-
racy and resolution.

The present time-interval unit fea-
tures an improved interpolation
scheme based on sampling of the
phase of the clock signal. This scheme
involves sampling of the clock signal,
using GaAs or other high-speed, lowjit-
ter semiconductor sampling circuitry
for increased accuracy.

This time-interval unit includes a
clock-signal generator, which provides a

www.nasatech.com

sinusoidal clock waveform at a frequency
nominally between 2 and 5 GHz. The
“start” and “stop” pulses typically origi-
nate as optical (laser) pulses and are con-
verted to electrical form by photodetec-
tors followed by fast threshold compara-
tors. The “start” and “stop” pulses are fed
to the coarse-resolution time counter,
which measures the integer part, n, of
the number of clock cycles between the
pulses and thus indicates time to a reso-
lution of one clock period, 7.

NASA Tech Briefs, May 1997
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The Sampling Interpolator is one of two identical interpolators in the time-interval unit. It measures
the phase angle of the clock signal at an instant associated with a “start” or “stop” pulse. This phase
angle is directly proportional to the time elapsed between the beginning of the clock period and the

“start” or “stop” pulse.

The pulses are also fed to the start-
time and stop-time sampling interpola-
tors, which are identical. The clock sig-
nal entering each interpolator is fed

directly to one of the input terminals of

a dual-channel sampling head. A 90°-
phase-shifted (quadrature) version of
the clock signal is fed to the other input
terminal of the sampling head. When
triggered by a “start” or “stop” pulse,
the sampling head acquires the instan-
taneous values x and y of the in-phase
and quadrature versions, respectively
(see figure).

These values are fed to a circuit that
computes the smaller of ly/al or Ix/)l,
as part of computing the clock phase
angle at the trigger time, 0 = tan™ (y/x)
or 8 = cot’ (x 'y). The time elapsed

www.nasatech.com

from the beginning of the present clock
period to the “start” or “stop” pulse is
computed from ¢, = 76,/2x, where i = 1
for start, 2 for stop. Finally, the outputs
of the interpolators are used to com-
pute the unknown time interval At
between the “start” and “stop” pulses
from At=nT+ - t,.

This work was done by James B. Abshire of
Goddard Space Flight Center. For fur-
ther information, write in 40 on the TSP
Request Card.

This invention has been patented by
NASA (U.S. Patent No. 5,566,139).
Inquiries concerning nonexclusive or exclu-
stve license for its commercial development
should be addressed to the Patent Counsel,
Goddard Space Flight Center; (301) 286-
7351. Refer to GSC-13505.
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€ Beacon Monitoring Would Reduce Interactions With

Remote Systems

Communications and operations costs would be significantly reduced.
NASA’s Jet Propulsion Laboratory, Pasadena, California

“Beacon monitoring” denotes a con-
cept for allowing a remote system to
notify local operators when it requires
interaction. Historically, remote systems
with little or no intelligence have had to
transmit large amounts of system status
data to operators, requiring reliable
communications links, lengthy trans-
mission times, and complex data recep-
tion and detection equipment. Human
operator experts must monitor and ana-
lyze these data and decide when further
interaction with the remote system is
required.

In the future, many remote systems
will have the intelligence to analyze
their status data on their own. The
responsibility for deciding when inter-
action is required between the remote
system and local operators will transfer
to the remote system. The beacon-mon-
itoring concept reduces the need for
the remote system to transmit routine
telemetry data and for routine operator
interaction. Instead, it provides the abil-
ity for the remote system to transmit a
simple message that requests one of
four actions from operations:

(1) Green: Leave me alone. I am func-
tioning normally and no inter-
action by operations experts is
required.

(2) Red: Contact me as soon as possi-
ble. I require operations support
on an emergency priority basis.

(3) Yellow: Contact me within a cer-
tain prearranged amount of time
or I will start performing in a
degraded mode (e.g., losing or
overwriting data, running out of
commands, and the like).

(4) Orange: Contact me at your con-
venience. An event has occurred
that may be of interest to opera-
tions and that operations may
want to collect information sooner
than the next scheduled telemetry
contact.

The first intended applications for
this technology are for JPL spacecraft
that are equipped with appropriate
onboard monitor and decision-making
intelligence (specifically, New Millen-
nium and Pluto Express). These space-
craft will have the capability of request-
ing ground action by transmitting one
of four beacon signals implemented as
one of four possible subcarrier tone
pairs or some other radio signaling
scheme that is simple to generate and
detect. The simplicity of the beacon sig-
nals allows detection at lower signal-to-
noise ratios, with smaller receiving
antennas, and with significantly less
complex and expensive receiving and
detection equipment than that
required for traditional telemetry.

The JPL operational concept for using
the beacon is that the spacecraft will
point at Earth and continuously transmit

one of the four beacon tones. Once a
day, whenever it is convenient, the
ground will monitor the beacon. If it is
green, it will be logged in and the space-
craft will be ignored until the next day. If
the beacon is found to be red, yellow, or
orange, the ground will schedule a tradi-
tional telemetry track and command the
spacecraft when to begin downlinking
telemetry. The procedures for schedul-
ing these tracks will vary as a function of
the difference in urgency among the
red, yellow, and orange beacons.

This new beacon-monitoring technol-
ogy is projected to provide significant
flight operations cost savings by:

* reducing the need to routinely down-
link large amounts of status telemetry,

* reducing the human tasks associated
with the capture and analysis of rou-
tine status telemetry, and

* reducing the loading on large-aper-
ture DSN (Deep Space Network)
antennas and complex telemetry
reception and detection equipment.

Beacon monitor technology may be
the key to enabling low cost operational
support of fleets of spacecraft that may be
flying simultaneously in the near future.

This work was done by John Carraway, E.
Jay Wyatt, Richard Doyle, and Bruce Crow
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, write
in 57 on the TSP Request Card.
NPO-19706
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Beacon Monitoring would allow a remote system to notify local operators when it requires interaction and reduce requirements for telemetry communi-

cations and human operator interaction.
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Penetrator and Dart NMR Probes

Conventional sampling procedures would not be necessary.
NASA's Jet Propulsion Laboratory, Pasadena, California

The figure shows the major parts of
penetrator and dart nuclear-magnetic-
resonance (NMR) probes for analyzing
soils and other materials. Originally
intended for use during exploration of
other planets, these probes might also
be useful in remote analyses of soils and
other materials on Earth. The terms
“penetrator” and “dart” signify that the
probes would be pushed or dropped
into the materials to be sampled. The
use of these probes would eliminate the
need for such conventional sampling
procedures as scooping up samples and
placing them inside NMR coils;
although such procedures are easy for
human technicians on location, they
are difficult to perform by use of robots
or telemanipulators.

A penetrator NMR probe would
include a cylindrical Halbach perma-
nent-magnet assembly surrounding a
hollow cylindrical NMR radio-frequency
(RF) coil surrounding a hollow sample
cylinder. Three 1 x 2-in. (25.4 x 50.8-
mm) surface-mount boards holding
electronic signal-processing circuitry
could be placed in the upper portion of
the probe. Upon insertion of the probe
into the material to be analyzed, either a
sample of the material could be pushed
up into the sample tube from the bottom
opening, or else the sample could fall in
from the top opening. The probe could
be operated in either the continuous-
wave or pulsed NMR detection mode.

In its basic principle of operation, a
dart NMR probe would be similar to

NMR probes that are lowered into
predrilled oil-well holes to detect sur-
rounding oil. However, a dart NMR
probe would push its way into the sample
material, without need for a predrilled
hole. In comparison with oil-well NMR
probes, a dart NMR probe would be
smaller and would consume less power.
In a dart NMR probe, two cylindrical
permanent magnets would be posi-
tioned astride an axial gap with oppo-
site polarities (north poles facing each
other along the axis), so that a signifi-
cant part of the permanent magnetic
field would reach out into the sur-
rounding sample material. An RF coil
would be placed in the gap between the
magnets; the RF magnetic field would
also reach out into the surrounding

sy, S o B G G i
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e

PENETRATOR NMR PROBE
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Penetrator and Dart NMR Probes would be dropped or pushed into the soils or other materials to be sampled.
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material. Like oil-well NMR probes, a
dart NMR probe would be operated in
the pulsed NMR detection mode;
pulsed operation would help to com-
pensate for the effects of inhomogene-
ity of the permanent magnetic field in

the particular opposite-polarity configu-
ration. Dart NMR probes would offer
two advantages over penetrator NMR
probes; there would be no need to
ensure that the samples entered sample
cylinders, and there would be no need

for concern over plugging of sample
cylinders.

This work was done by Soon Sam Kim of
Caliech for NASA’s Jet Propulsion Lab-
oratory. For further information, write in
18 on the TSP Request Card. NPO-19651

@ Computing Erosion in Three-Grid Ion Thrusters

A computer code is based on particle-in-cell and Monte Carlo concepts.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A computer code is undergoing
development for use in numerical sim-
ulation of erosion of the grids in three-
grid ion thrusters. When fully devel-
oped, the code will be used to analyze
and design three-grid ion thrusters,
which can be tailored to reduce erosion
significantly below the levels of erosion
observed in an older generation of two-
grid ion thrusters. The code runs on
PC-compatible computers and provides
real-time color graphical displays that
facilitate analysis and interpretation of
the simulated physical phenomena as
computation progresses.

The grids in an ion thruster are erod-
ed by sputtering from charge-exchange
ions produced by collisions between the
primary beam ions (the ions that one
seeks to accelerate) and neutral atoms.
The neutral atoms come from both
neutral propellant gas escaping from a
plasma-discharge chamber in the
thruster and from residual gas in the
vacuum chamber in which the thruster
is tested or operated. The computer
code, which simulates these and other
phenomena relevant to the grid-erosion
problem, is an extended version of soft-
ware that was originally developed for
two-grid thrusters.

Because of the low density and the
small rate of charge-exchange collisions in
ion thrusters, one can use direct motion-
of-particles numericalsimulation meth-
ods to model the phenomena in an ion
thruster. Accordingly, the computer code
incorporates two algorithms that imple-
ment particle-oriented mathematical
models. One of these algorithms imple-
ments a charged-particle model accord-
ing to the particle-incell method, in
which the trajectories of a large number
of particles are tracked to simulate the
flow of a plasma or of ions. This model is
used to simulate the ion beam and ion
optics and is coupled with a Monte Carlo
model for simulation of the charge-
exchange collisions. The other algorithm
simulates the flow of neutral atoms from
both sources by use of the direct-simula-
tion Monte Carlo (DSMC) method.

58

In the charged-particle/particle-in-cell
algorithm, each simulation particle car-
ries a representative electric charge and
is located in one of the cells of a compu-
tational grid. The principal advantage of
the particle-incell method is that it is
based on first principles, with few approx-
imations or ad hoc assumptions. The
motion of each particle is computed
directly from Newton’s equations and the
equation for Lorentz force. Self<consis-
tent electric and magnetic fields for use
in computing the Lorentz forces are
computed by use of Maxwell’s equations
for the electric and magnetic fields gen-
erated in part by the motions of the par-
ticles themselves. Sputtering is calculated
when the particle-in-cell model indicates
that a particle strikes a grid.

In the Monte Carlo model for charge-
exchange collisions, the time of free
flight of a particle between collisions is
chosen from a random distribution of
such times in a simplified, approximate
mathematical model of a relative-velocity-
dependent collision frequency. A choice
is then made from another random dis-
tribution to determine whether a given
collision causes charge exchange. In the
event of charge exchange, the velocity of
the newly created ion is chosen from a
random thermal distribution, and there-
after the ion is accelerated according to
the charged-particle model.

In the DSMC method used to simu-
late the flows of neutral gas, the motions
of thousands of neutral atoms or mole-
cules are tracked. In this method, one

assumes that the gas is so rarefied that
the mean free path for collisions
between neutral atoms or molecules is
much larger than the accelerator grid
structure. Thus, collisions between neu-
tral atoms and molecules can be neglect-
ed, and the only collisions that must be
considered are those between these
neutral particles and the grids.

The particles that represent the neu-
tral propellant gas escaping from the dis-
charge chamber are introduced into the
computational domain with Maxwellian
distributions of velocity at an upstream
boundary, as indicated by boundary con-
dition 1 in the figure. Whenever a parti-
cle strikes a grid surface (boundary con-
dition 5), the particle is assumed to be
completely accommodated, and the
velocity with which it leaves the grid is
chosen from a Maxwellian distribution at
the temperature of the grid. Whenever a
particle reaches the outer cylindrical sur-
face of the computational domain
upstream of the last downstream grid sur-
face (boundary condition 2), it is reflect-
ed back into the computational domain;
this simulates the entry of particles from
the surrounding region. When a particle
reaches the far downstream limit of the
computational domain (boundary condi-
tion 4) or the cylindrical surface down-
stream of the last grid surface (boundary
condition 3), that particle is removed
from the computation. The computation
continues until a steady state is achieved.

The flow into the grid structure from
the residual gas in the vacuum chamber

Screen  Accelerator Decelerator

Grid Grid Grid
N B

m >1) Boundary Condition 5 Condition 4)
n
=) e Fl ;
Bounda
Condition 2 Condition 3

The Computational Domain for the DSMC calculation is a cylinder, with various boundary conditions
at various positions on the upstream and downstream ends, the grids, and the side wall.
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is calculated similarly, except that the
boundary conditions are different. The
calculation of this flow serves to validate
the DSMC algorithm, inasmuch as the
density of neutral atoms or molecules in
the steady state must become approxi-
mately uniform at the density of the resid-
ual gas in the vacuum chamber. The den-
sities of neutral atoms or molecules ob-
tained from the two Monte Carlo calcula-
tions are summed, and the sum is used as
the neutral-particle density for the charge-
exchange and sputtering calculations.

Predictions made by this computer
code were compared with measurements
taken in experiments on ion thrusters
with several different three-grid configu-
rations. The code predicted the differ-
ences among the purveyances of these
configurations, It predicted the insensitiv-
ity of the current impinging on the accel-
erator grid to the pressure of the residual
gas, but predicted too small a value for
this current. The code also predicted the
dependence of the deceleratorgrid cur-
rent on pressure and the fact that signifi-
cant erosion can be caused by ions
extracted from a weakly ionized down-
stream plasma.

This work was done by Quan Zhang,
Xiaohang Peng, and Dennis Keefer of ERC,
Inc., for NASA’s Jet Propulsion Labo-
ratory. For further information, write in 72
on the TSP Request Card. NPO-30017

) Galvanic Cell for
Measuring Rates of

Corrosion

Marshall Space Flight Center,
Alabama

A galvanic cell can serve as a simple
apparatus for measuring rates of galvan-
ic corrosion of dissimilar metals. Such a
cell can be constructed by filling a glass
beaker with an electrolyte like that
encountered in the corrosive environ-
ment, (e.g., 0.1 M NaCl representing a
coastal environment), partly immersing
coupons of the two dissimilar metals in
the solution, attaching wires to the dry
parts of the coupons, and connecting
the free ends of the wires to the termi-
nals of an ammeter. The galvanic cur-
rent indicated by the ammeter is direct-
ly related to the rate of corrosion.

This work was done by S. Rachel
Khoshbin, John R. Emmons, and Martin W.
Kendig of Boeing North American, Inc., for
Marshall Space Flight Center. For further
information, write in 54 on the TSP Request
Card. MFS-30103
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@ Miniature Boundary-Layer Airfoil With Embedded Hot Wires

Flow could be measured on and very close to surfaces.
Lewis Research Center, Cleveland, Ohio

A miniature instrument has been pro-
posed for measuring flow on and near a
surface of interest. Called a “micro hot
wire chip,” the instrument would be based
on the established concept of hot-wire
anemometry and would be fabricated by
techniques used to make computer chips.

The instrument (see figure) would
include an airfoil that would protrude
from the surface of interest and that
would contain multiple hot-wire
anemometers. By providing data on the
flow near the surface, the instrument
would contribute to understanding of
turbulence and other complex flow phe-
nomena. Such understanding may even-
tually make it possible to reduce skin fric-
tion in a variety of machines ranging from
aircraft to watercraft such as submarines.

At its base, the airfoil would be inte-
gral with a block mounted flush with the
surface of interest. The airfoil and block
would be made of a thermally insulating
material to reduce calibration and wall-
proximity errors. Except at the leading
and trailing edges, the airfoil would be
configured with constant thickness so that
the velocity in the midlength region on
each side would be constant and equal
to the velocity upstream from the airfoil.
The hot wires would have rectangular
cross sections and would be embedded
at the surface of the airfoil at various dis-
tances from the surface of interest. One
or more wire(s) could also be embed-
ded in the base block for measuring the
slip velocity at the surface of interest.

Other instruments (including hot-
wire anemometers) for measuring flow
velocities near surfaces are available, but
none is capable of measuring closer than
about 0.02 in. (about 0.5 mm) from the
surface. In the proposed instrument, the
wires would be only about 0.0002 in.
(about 5 pm) thick and one of them
could be positioned just above the sur-

face of interest. Thus, the proposed
instrument would yield data on flows
down to 1/100 of the previous lower
limit on distance from the surface.

This work was done by Danny P. Hwang of
Lewis Research Center. For further infor-
mation, write in 96 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to NASA Lewis Research Center,
Commercial Technology Cffice, Atin: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Rd., Cleveland, OH 44135. Refer
to LEW-16229.

Hot Wire With One Side
Exposed to Flow

Surface of
Interest

To Anemometer Circuits

Hot Wires

TOP VIEW

SIDE VIEW

MAGNIFIED FRONT VIEW

S5 um

Thin Wires Would Be Embedded at the surface of a small protruding airfoil for measuring flow by
the hot-wire-anemometer principle at various distances from a surface of interest.

High-Pressure, High-Temperature Oxygen DTA/TGA System
This system was designed for safely evaluating materials for resistance to

ignition and combustion.

Marshall Space Flight Center, Alabama

The figure illustrates a laboratory
system for performing differential
thermal analysis (DTA) and thermo-
gravimetric analysis (TGA) of speci-
mens of materials at high tempera-
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tures in high-pressure oxygen. The sys-
tem was designed for evaluating the
resistance to oxidation and combus-
tion of both metals and nonmetals
that might be used in oxygen-handling

www.nasatech.com

equipment. Specimen parameters that
can be determined by use of this sys-
tem include ignition and combustion
temperatures, temperatures at the
onset of major and/or catastrophic
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oxidation, and thermochemical activa-
tion energies that can be used in calcu-
lating rates of oxidation. The system
can also be used to determine the fun-
damental parameters of chemical reac-
tivity of material specimens with gases
other than oxygen, as long as those

gases are compatible with the internal
system materials.

The system includes a main appara-
tus, which is a stainless-steel pressure
vessel that contains an electric furnace
for heating the specimen to the test
temperature in the oxygen or other test

atmosphere at the test pressure. The
system also includes a gas-supply subsys-
tem with pressure-sensing and -control-
ling equipment, a data-acquisition and
system-control unit, a computer, a fur-
nace power supply, and plumbing for
cooling water.

Main Apparatus
(See Detail Below)

Gas Supply

DETAIL OF MAIN APPARATUS

~<——Pressure Vessel

' Zirconia Support Tube
)}
|

Bus
Main Control Computer

Flow Sensor Control Lines

Sensor Lines

e Power Lines

ooling Water Gas Lines
Inlet and Outlet Water Lines
Hoist Assembly

Thermocouples
— Specimen Holder
Platinum _
Reference Specimen
Alumina )
Furnace and Cooling Insulation + DTA Specimen Chamber
Jacket Assembly
7
Alumina Insulation Tube —» ~—— Aluminum Support
for Thermocouple Wires Pedestal
F DTA Specimen
b Chamber i ‘
i o -~——Zirconia Support Tube

DETAIL SHOWING DTA SPECIMEN CHAMBER

This High-Temperature, High-Pressure DTA/TGA System produces data that can be used to rank materials with respect to ability to resist ignition and com-

bustion in a high-pressure oxygen atmosphere.
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The specimen is contained in a DTA
or TGA assembly within the main appa-
ratus. These two assemblies are inter-
changeable with respect to mounting in
the main apparatus. Each assembly
comprises a DTA or TGA specimen
chamber on top of a zirconia support
tube on an adjustable-height platform.
The specimen chambers are made of
alumina, which was chosen for its sta-
bility, chemical inertness, and low elec-
trical conductivity at high temperatures
in oxidizing atmospheres.

The DTA assembly contains four
Pt/(Pt/10 percent Rh) (type-S) ther-
mocouples, which measure the fur-
nace-control, furnace-monitor, speci-
men, and reference temperatures. The
specimen and reference thermocou-
ples are connected in a differential
arrangement that yields an additional
temperature-related difference be-
tween the specimen- and reference-
thermocouple voltages. The TGA
assembly (not shown in the figure)
includes a microbalance, small pres-
sure-resistant chambers for a servo
photocell and source of light, a speci-
men-mounting subassembly, a counter-
balance subassembly, a tare subassem-
bly, and a balance stand.

The system has the following unique
features:
¢ It yields useful readings at tempera-

tures up to 1,500 °C (about 1,800 K)

and pressures up to 34.5 MPa in

both the DTA and TGA modes.

* The position and dimensions of the
furnace are chosen to maximize the
working space available for the TGA
or DTA assembly and minimize the
convection of heated gas. This mini-
mization of convection (especially at
high temperature and pressure) is
essential for TGA.

* The electrical and mechanical sub-
systems and the computer hardware
and software are fully accessible, so
that the user can perform adjust-
ments for special situations.

* The system operates safely, even
though it contains oxygen at high
temperature and pressure.

® Ignition, combustion, and onset-of-
oxidation temperatures can be mea-
sured to within approximately 1.6 °C
This work was done by James W.

Bransford of James W. Bransford &

Associates for Marshall Space Flight

Center. For further information, write in

44 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to the Patent Counsel, Marshall
Space Flight Center; (205) 544-0021. Refer
to MFS-26419.

NASA Tech Briefs, May 1997

HowEnd

Mass Confusion.

EMs, be

he Setra Mass Monitor™

confused no more

—

has it all
It's modular, easy to install and
highly accurate. And uniike most
load cells, it gives you direct digital
output — no A/D converter
required. That's because the
Setra Mass Monitor uses our
patented variable capacitance
ceramic sensor technology.

No wonder Designfax gave

the Setra Mass Monitor five stars.

Mass Monitor

And no wonder there are over 2,000 units in
service today. So don't put up with mass
confusion. Call Setra at 1-800-25-SETRA. [“”"::HIII""“:::”"" II“m
FAX: 1-508-264-0292 "“lhu""ll

2l el

The technology leader in precision weighing.

For More Information Write In No. 410

Solutions to Your
Surface €nhancement Problems
Are Just a Mouse-click ﬂwcw'

Open Location

Open Location:

http://www.magnaplate.com

Cormloumm ] Wcarmkuncc u Moldniese
FDA/USDA codes m Chemical attack = Friction control

Browse our web site and you'll uncover technical data and application examples
of our broad range of high-tech, space age coatings. Just click on the base metal
you're using and the surface enhancement coatings we recommend will appear
on the screen. Or check the pages filled with engineering data for each coating.
Our interactive response mechanism lets you initiate a personal dialogue with
surface enhancement specialists who can offer immediate assistance.

General Magnaplate

Linden, NJ m E-Mail: info@magnaplate.com m 1-800-852-3301 m Fax: 908-862-6110

For More Information Write In No. 411 63



‘ Materials

@ Growing Small-Diameter, Single-Crystal Oxide Fibers

Y;AlL;0,, fibers may be useful as high-temperature reinforcements in composite materials.

Lewis Research Center, Cleveland, Ohio

Small-diameter, single-crystal fibers of
Y;Al;0,5 (yttrium aluminum garnet,
often abbreviated as “YAG”) have been
grown in an improved edge-defined,
film-fed (EFG) growth process. YAG
and other yttria alumina compounds
have been considered for use in metal-
and ceramic-matrix composite materi-
als; because YAG resists creep at high
temperatures, YAG fibers may be useful
as high-temperature reinforcements of
ceramic matrices.

Figure 1 illustrates the basic EFG
process. A fiber is grown by cooling and
thereby solidifying molten fiber materi-
al while pulling the material (in this
case, molten sapphire) upward from the
horizontal annular top surface of a ver-
tical cylindrical die. Normally, the
molten material wets the top of the die,
and the outer diameter of the die and
the fiber grows slightly narrower than
this diameter. The molten material
flows from a crucible below, through a
capillary passage in the die to the orifice
at the top of the die.

The surfaces of the top of the die and
the capillary passage are made from a
material that is compatible with the lig-
uid and solid phases of the fiber mate-
rial and is wetted by the molten fiber
material. The capillary passage is
extended into the molten material in
the crucible and is dimensioned so that
surface tension in the molten material
is sufficient to provide the capillary
action needed to feed the molten mate-
rial to the top of the die.

Growth is started by causing the
molten material on top of the die to
solidify on a seed fiber, then starting to
pull the seed fiber upward at a speed
consistent with the rate at which molten
material can be supplied to maintain
the film and/or the rate at which heat
liberated by solidification can be reject-
ed. Proper adjustment of the tempera-
ture of the melt and the pulling speed
makes it possible to grow a crystalline
fiber continuously.

The present EFG process incorpo-
rates two improvements (see Figure 2).
One of the improvements is a combina-
tion of (1) an increase in the pulling
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speed and (2) modification of the top
surface of the die to decrease the ten-
dency toward wetting. These changes
affect the balance of hydrostatic and
capillary forces in such a way as to
enable growth to occur in the inside-
edge-defined, selffilling (IESF) mode,
in which the melt retracts to the orifice
and the diameter of the fiber is gov-
erned by the inside edge of the die
instead of the outside edge as before
(see Figure 2). IESF growth is started in
the same way as before, but as the
pulling speed is increased, the shape of
the meniscus changes and at a critical
speed, the melt suddenly narrows to the
diameter of the orifice. The advantage
of IESF mode is that small-diameter
fibers can be grown more easily while
still using wide, robust dies.

The other improvement lies in the
design of guides to help maintain the
desired crystallograph-

guide with respect to the die. In addi-
tion, if the guide fits too tightly about the
growing fiber, such minor defects as
small kinks in the fiber can jam at the
guide, stopping growth. The improved
design combines a precise guide mount-
ed integrally with the die lid and a loose-
ly fitting guide mounted on the furnace
in which the crucible is located.

This work was done by Winfield B. Perry
and Richard C. Ventura of Advanced Crys-
tal Products Corp. and Ali Sayir of Case
Western Reserve University for Lewis
Research Center. No further documenta-
tion is available.

Inquiries concerning rights for the com-
mercial use of this invention should be
addvressed to NASA Lewis Research Center,
Commercial Technology Office, Attn: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Rd., Cleveland, OH 44135. Refer
to LEW-16013.

ic orientation of the
fiber, and to keep the A=
fiber straight and cen-
tered on the centerline
of the die. Tradition-
ally, a rigid guide has
been mounted on the
furnace above the die.
Given thermal expan-

sion of the die and
dimensional toler-
ances of mating parts,
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tain the necessary pre-
cise orientation of the
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BASIC EFG MODE

Figure 1. In the Basic EFG Process, a single-crystal fiber is pulled from
a melt. The diameter of the fiber is governed by the outer diameter
of the die, the top of which is wetted by the molten fiber material.

IESF MODE

Figure 2. YAG Fibers are shown here growing in the basic EFG and the IESF modes from a die with an
outer diameter of 250 ym and an inner diameter of 75 pm. In the IESF mode, the melt retracts to the
orifice, so that the diameter of the growing fiber is governed by the inner diameter of the die.
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) Si;N,-Based Fiber-Coating Material for Ceramic Composites
This material imparts graceful degradation and resistance to high-temperature oxidation.
Lewis Research Center, Cleveland, Ohio

A SisNebased coating material and
coating process have been developed to
provide improved interfacial layers
between SiC fibers and the SiC fiber or
SisNy-matrix of composite materials.
SiC/SiC and SiC/SisNg composites are
candidates for use in high-temperature
turbines. Typically, ceramic composites
of this type have been made with C- and
BN-based fiber-coating materials, which
have limited oxidation resistance.
Experiments have shown SiC/SiyN,
composites made with this improved
SisNs-based fiber-coating material
exhibit very good (good in terms of the
“graceful failure” explained below)
interfacial behavior as determined in
fiber-push-out tests, in both the as-fabri-
cated condition and after annealing
and oxidation exposure.

In the context of a ceramic or other
brittle composite material, “graceful fail-
ure” denotes a failure mode in which
fibers debond from the matrix. This fail-
ure mode is desirable for limiting dam-
age. The fiber-coating materials that are
incorporated into nonoxide ceramic-
matrix composites are weak interfacial
materials that are used to promote
graceful failure. The C- and BN-based
fiber-coating materials mentioned above
have not performed well because they
become oxidized easily and in a way that
can impair the long-term performance
of the composites that contain them.

This improved SisNbased coating
material is a silica former; when the
interfacial layers are fully formed, they
are porous mixtures that consist largely
of SisN,; and SiOs. As a class, silica form-
ers exhibit excellent resistance to oxida-
tion, and are among the most promising
candidates to succeed interfacial C and
BN. When made with a high volume
fraction of suitably dispersed pores, the
SisNgbased interfacial layers can per-
form the interfacial function of limiting
damage through diversion of cracks.
Porosity reduces the shear strength of
brittle solids. Thus, a porous, brittle
interfacial material in a ceramic-matrix
composite is likely to constitute a pre-
ferred path for the diversion of cracks
propagating from the matrix; this would
promote debonding of fibers and thus
graceful failure of the composite.

More specifically, the improved inter-
facial material contains SisN; bonded
with silica, and with tailored porosity
generated by the pyrolysis of organic
microspheres. In the fiber-coating
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silicon nitride
(RBSN) as the
matrix materi-
al, Textron SCS-0 (chemical-vapor-
deposited SiC) as the fiber material,
and the improved interfacial coating
material. In the fiber-push-out tests, the
mean fiber-debonding and sliding
stresses of the specimens in the as-fabri-
cated condition were =60 and 50 MPa,
respectively. This performance can be
compared with the current benchmark
interfacial performances of (a) a
debonding stress of 10 MPa characteris-
tic of a composite that is similar except
that the fiber material is SiC with a C-
based coating (an SCS-6-fiber/RBSN-
matrix composite) and (b) lack of
push-out in another composite that is
similar except that there is no interfa-
cial material (an SCS-O-fiber/RBSN-
matrix composite).

In the specimens containing the
porous SisN,/SiO, interfacial material,
fiber-push-out was still achieved after
two severe durability tests involving
exposure to high temperatures. In one
of these tests, the specimens were sub-
jected to prolonged annealing in Ny ata
temperature of 1,350 °C to induce
coarsening of the microstructure and
promote bonding of the interfacial
material to the fiber and matrix materi-
als through sintering. In the other test,
1.0-mm-thick wafer specimens were oxi-
dized for times from 25 to 100 hours, at
temperatures from 1,200 to 1,400 °C.
These were intended as accelerated
tests to simulate what might happen to
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The Fiber-Push-Out Behavior, after various treatments, of a sample SCS-0/RBSN
minicomposite with porous interphase is shown.

the interfacial layers in service.

In unnotched samples of the mini-
composite (as-fabricated, annealed, or
oxidized) tested to fracture in bend-
ing, the crack path was observed to
pass through the porous interphase in
all cases. In control samples of SCS-
0/RBSN and SCS-6/RBSN oxidized for
50 h and similarly tested in bending,
fracture included the fiber in places.
The results of the fiber push-out tests
are shown in the figure. The interfacial
performance was not impaired by the
high-temperature exposures: the stress-
es needed for debonding and sliding
remained in the range of 80 + 20 MPa
typically observed for SiC/SiC compos-
ites with a BN interphase. Accordingly,
the porous SIsN,/SiO, interphase is
considered to resist oxidation, and the
composite that contains this interphase
is considered to survive oxidation.
Efforts to apply this material to small-
diameter fibers in tows and weaves are
underway.

This work was done by Linus U. J.
Thomas-Ogbuji of NYMA, Inc., for Lewis
Research Center. No further documen-
tation is available.

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to NASA Lewis Research Center,
Commercial Technology Office, Atin: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Rd., Cleveland, OH 44135.
Refer to LEW-16261.
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¢3 Improved 3DGRAPE
“3DGRAPE/AL” denotes the Three-
Dimensional Grids About Anything by
Poisson’s Equation/The Ames-Langley
Technology Update computer pro-
gram. 3DGRAPE/AL is a significantly
improved version of 3DGRAPE, which
has been widely distributed and has
been described previously in NASA
Tech Briefs. 3DGRAPE/AL generates
volume grids by iteratively solving
Poisson’s Equation in three dimen-
sions. The terms on the right side of
the equation are designed so that user-
specified grid-cell heights and user-
specified grid-cell skewness near
boundary surfaces are obtained auto-
matically, with little intervention by
the user. Versatility was a high priority
in the development of this code, and
as a result, the code can generate grids
in almost any three-dimensional physi-
cal domain. 3DGRAPE/AL can be run
in batch mode like the original
3DGRAPE, and it offers a graphical
user interface (GUI) on Silicon
Graphics, Inc. (SGI) computers.
3DGRAPE/AL reads in predefined
data, generates a grid, and writes it out.
For those boundary surfaces which are
of interest (“the body”), it expects to
read X,Y,Z coordinates of surface grid
points that the user has defined previ-
ously by use of other software. Other
boundary surfaces of less interest
(“the outer boundary”) can be found
by the program itself, using simple
analytic shapes. The grid can consist
of multiple blocks, and the program is
capable of finding its own internal
block-to-block boundary surfaces.
3DGRAPE/AL offers a significant
number of features that were not of-
fered by 3DGRAPE. In 3DGRAPE/AL,
grid quality is enhanced by reformu-
lated control terms in Poisson’s
Equation. The user can specify arbi-
trary angles with which lines are to
intersect boundaries; that is, these
angles are no longer limited to the sin-
gle value of 90° everywhere. Better
grid quality results from the addition
of Thomas & Middlecoff (T&M) clus-
tering terms for cases in which all six
faces of a block are read in. The user
can choose terms of either the Steger
& Sorenson or the T&M type, or a
blend between the two types that gives
good cell size and skewness control at
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both boundaries and the interior. Grid
quality is evaluated by computing and
printing maxima, minima, medians,
and averages of cell heights and
nonorthogonality, at boundaries and
in the interiors of the blocks of the fin-
ished grid.

Other features in 3DGRAPE/AL
provide for speedier convergence.
Initialization is improved by trans-
finite interpolation (for cases with six
fixed boundary surfaces), which either
offers a final grid or speeds conver-
gence. The use of Erlich’s ad hoc
method for computing locally opti-
mum relaxation parameters for a suc-
cessive-over-relaxation (SOR) solver in
the code can also speed convergence.
In addition, convergence can be accel-
erated when the code is vectorized in
any of the three coordinate directions
(when installed on Cray computers),
allowing the longest possible vector
length in each block. These features,
combined with careful code optimiza-
tion, result in a speedup over the pre-
vious code by approximately a factor
of four.

Various other features that assist in
the input of data are also offered by
3DGRAPE/AL. These features include
two input filters: (1) an input filter
that accepts GRIDGEN (ARC-13371)
output as input and converts it to
3DGRAPE/AL input and (2) an input
filter that reads input designed for the
original 3DGRAPE and reformats it
for use with 3DGRAPE/AL. For more
versatile input, required cell heights
and skewness at read-in surfaces can
be specified by the user at each point
from a file, a complete grid generated
elsewhere can be read in, and an ellip-
tic solver in 3DGRAPE/AL can be run
a few steps to smooth the grid. More
extensive error checking of input data
has been implemented, and a GUI
(for SGI computers) enables the user
to watch selected grid surfaces while
the grid solver in 3DGRAPE is iterat-
ing. The GUI also enables the user to
suspend the iterative process and plot
convergence histories.

3DGRAPE/AL is written in FOR-
TRAN 77 for UNIX-based computers.
The graphical mode of 3DGRAPE /AL
makes use of the Iris Graphics Library
(IGL) and is written in FORTRAN 77
for SGI IRIX machines. An ANSI stan-
dard FORTRAN compiler is required
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to build executable codes. Sample
input and output are included on the
distribution medium. The batch mode
of 3DGRAPE /AL has been successfully
implemented on the following com-
puters: an SGI Indigo2 running IRIX
5.2, a Sun4 running SunOS 4.1.3, a
Sun4 running Solaris 2.4, an IBM
RS/6000 running AIX 4, an HP
9000/720 running HP-UX 9.03, and a
Cray Y-MP running UNICOS 8.0.3.4.
The graphical mode of 3DGRAPE /AL
has been successfully implemented on
an SGI Indigo2 running IRIX 5.2. The
standard distribution medium for
3DGRAPE/AL is a 0.25-in. (6.35-mm)
streaming-magnetic-tape  cartridge
(Sun QIC-24) in UNIX tar format.
Alternative distribution media and for-
mats are available upon request. An
electronic copy of the documentation
in PostScript format is included on the
distribution media. 3DGRAPE /AL was
released to COSMIC in 1996.

This program was written by Reese L.
Sorenson for Ames Research Center. For
further information, write in 27 on the
TSP Request Card.

ARC-14069

T R LT
Software for Efficient
Packing of Cargo

The Stowage Tactics for User Flights

(STUF) computer program enables

space-station users to develop schemes

for efficient packing of their cargo.

Users determine which trays to use

and where those trays are located in a

stowage rack. Locations of cargo items

in a tray can be determined by com-
puter, or a user can place items as
desired. The weight and center of
gravity of each item are monitored.

Any out-of-bounds condition for a

packed tray or rack is highlighted for

corrective action. STUF can also com-
bine many users’ packing schemes

into one cargo manifest; this enables a

NASA Center to integrate all user

stowage for a space-station mission.

After a file representing user cargo
data is read by STUF, cargo is tenta-
tively assigned to a stowage tray and
checked for interference with items
already assigned to the tray. Any items
that do not fit the current tray are
assigned to subsequent trays, if possi-
ble. Once all trays are loaded, the user
determines the location of each tray in
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a space-station rack. The analytical
results returned by STUF become
inputs to a broader space-station cargo
manifest.

The user interface for STUF is pri-
marily menu-driven. STUF provides
two operational modes for tray pack-
ing: automatic and interactive. The
interactive mode is the quickest to use
when packing hundreds of items, and
it results in the best packing efficiency.
The automatic mode enables the com-
puter to determine where each cargo
item is to be placed. A single tray size
selected by the user is then used

repeatedly for all trays.

Once a set of trays has been packed,
the user may wish to place those trays
into space-station racks. Stowage racks
contain locker assemblies specifically
designed to hold certain tray sizes.
Although STUF allows a user to deter-
mine where a tray is located within the
rack, STUF will not place the tray
there if the location cannot accommo-
date it. If a tray-packing solution is
later edited, STUF automatically
updates mass properties for the rack
that contains that tray.

STUF can accommodate 9,999,999

We build instruments. But we're in the business of providing solutions.
MKS builds the most exacting and reliable gas management instrumentation in the world —

instruments that measure, control, isolate, calibrate and analyze gases in many different

vacuum processes. But to our customers, our real products are the solutions our instruments

bring to these manufacturing processes. So we build products that are more repeatable, more

accurate and offer the highest levels of performance. We focus on excellence around the

process, from our research and development people who listen to your needs, to innovative

engincering and design systems, to a solid worldwide engineering, sales and service nerwork that

helps you bring our products together to create a solution. Because when you're in the business

of providing solutions, nothing less than the most complete solution will do.
To find out more about MKS solutions, call us at 1-800-227-8766.

Six Shartuck Road, Andover, MA, USA 01810 Tel: (508) 975-2350 Fax: (508) 975-0093

e-mail: mks@mksinst.com hup://www.mksinst.com ©1997 MKS Instruments, Inc. All rights reserved.

68 For More Information Write In No. 413

cargo items, 999 trays, and 99 racks
per packing operation. Packing foam
must be accounted for as part of each
cargo item. STUF does not add the
properties of foam to the mass proper-
ties of any item.

STUF is written to run with
DesignCAD 3-D and is available only as
object code for IBM PC-compatible
computers. It has been successfully
implemented on a 486 DX2 computer
under MS-DOS 5.0. STUF requires
DesignCAD 3-D v4.0, 640K of random-
access memory, a graphics display, and
a hard disk drive. A printer is highly
desirable for capturing STUF output.
The standard distribution medium for
STUF is one 3.5-in. (8.89-cm), 1.44MB,
MS-DOS-format diskette. An electron-
ic copy of the documentation in ASCII
format is included on the distribution
medium. STUF was released to COS-
MIC in 1996 and is a copyrighted work
with all copyright vested in NASA.

This program was written by Vance
Houston of Marshall Space Flight
Center. For further information, write in
29 on the TSP Request Card.

MFS-31101

COSMIC, NASA’s Software
Technology Transfer Center,
has an inventory of over 800
software packages that original-
ly were developed by NASA and
its contractors for the U.S.
space program. These packages
have a wide range of applica-
tions other than space explo-
ration and are used by industry,
academic institutions, and
other government agencies.

For further information
about software available from
COSMIC, or to receive a free
diskette catalog, contact COS-
MIC at:

COSMIC

The University of Georgia
382 East Broad Street
Athens, GA 30602-4272

Phone: 706-542-3265

Fax: 706-542-4807

e-mail:
service@cosmic.uga.edu
WWw:

http: //www.cosmic.uga.edu
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@ Mechanics

Gripper for Testing Composite-Material Tubes

Special preparation of ends of tubes is unnecessary.

Lewis Research Center, Cleveland, Ohio

A tool has been designed to grip an
end of a tubular specimen of composite
(matrix/fiber) material for mechanical
testing, without crushing or unduly
deforming the gripped portion of the
specimen. The tool makes it unneces-
sary to fabricate the ends of specimens
to complex shapes for gripping, as has
been common practice until now. The
tool simplifies and reduces the cost of
mechanical tests to measure torsion
and tension properties of tubes made of
metal-matrix composites for material
characterization and for such applica-
tions as torsion bars and drive shafts.

The tool (see figure) is essentially a
combination of a mandrel and a collet.
The mandrel comprises three sectors of
a cylinder with a conical inner surface
that mates with a conically tapered
inner plug. The mandrel is inserted in
the tube and, by use of the tapered
plug, is expanded gently into contact
with the inner surface of the tube.

The collets are installed into a com-
mercially available hydraulic gripping
device used in materials testing, and
remain there throughout the test pro-
gram. The tube-and-mandrel assembly
is then inserted into the collets, and
hydraulic pressure is applied to circum-
ferentially grip the specimen. The test
can then proceed.

This work was done by Christopher S.
Burke of NYMA, Inc., for Lewis Research
Center. For further information, write in

89 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to NASA Lewis Research Center,

Commercial Technology Office, Attn: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Rd., Cleveland, OH 44135.
Refer to LEW-16220.
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The Mandrel Radially Supports the tube against the radially inward gripping force applied by the col-

let, thereby preventing crushing of the tube.

Screens Would Suppress Flow-Induced Resonances in Cavities
The key is to choose proper spacing of holes.
Ames Research Center, Moffett Field, California

Aeroacoustic resonances in shallow
cavities exposed to subsonic airflows
would be suppressed, according to a
proposal, by partly screening the cavity
apertures with perforated thin metal
sheets. (As used here, “shallow cavities”
denotes cavities that are longer than
they are deep.) It is desirable to sup-
press flow-induced pressure fluctuations

70

associated with aeroacoustic resonances
where they could interfere with equip-
ment mounted in the cavities; such
equipment could include heat exchang-
ers, weapons on aircraft, acoustic sen-
sors, sound absorbers, and chemical-
analysis instruments, for example.

For a given screened cavity, aeroa-
coustic resonances occur because of
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coupling between aerodynamic excita-
tion on the screen and acoustic pressure
fluctuations in the cavity. More specifi-
cally, aeroacoustic resonances occur
because of coupling between (1) oscilla-
tions of flow into and out of the cavity,
associated with shedding of vortices
from the holes (see Figure 1); and (2)
pressure fluctuations associated with
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acoustic resonances of the screened cav-
ity. Indeed, the frequency of shedding of
vortices tends to lock to the nearest cav-
ity modal frequency.

The frequency of shedding of vortices
is given by £ = SU)/d, where §, is the
Strouhal number, U is the average air-
speed, and d is the diameter of a hole. If
the diameter is specified in millimeters,
then the Strouhal number is given by S
= m(0.10d - 0.01), where m is a positive
integer that corresponds to the har-
monic of the fundamental shedding fre-
quency.

The tendency toward the coupling
that causes aeroacoustic resonances can
be expressed in terms of a phase-cou-
pling parameter given by Ay/ = Uc/ ({1,
where Ay is the vortex-sheet wavelength
(that is, the streamwise distance between
vortices), lis the distance between holes,
and U is the speed of convection of the
vortices. Wind-tunnel tests have shown
that the aeroacoustic resonances occur
when the phase coupling parameter has
avalue of 1/4,1/2, or 1.

Substituting the expression for £ into
the equation for the phase coupling
parameter, one obtains

M/ 1= Ugd[ Uylm(0.10d - 0.01) ]

Thus, the phase coupling parameter
depends only on the perforation geome-
try and on Uz/ Uj. In general, Uz/ U, lies
between 0.5 and 0.75, and is probably
constant over a wide range of airspeeds.
This suggests that it should be possible
to choose the perforation geometry
(that is, to choose d and [) to set the
phase coupling parameter at a value
other than 1/4, 1/2, or 1 to suppress
aeroacoustic resonances.

Practical values of d lie between 1.5
and 3 mm. Preferably, d should be cho-
sen toward the low end of this range; as
the holes are made smaller, the flow into
and out of the cavity becomes increas-
ingly affected by viscous damping at the
edge of the hole, so that resonances
become weaker.

Suppose, for example, that one choos-
es d = 1.59 mm and /= 5.16 mm. This
results in Ug/ U = 0.58, and the resulting
value of the phase coupling parameter is
approximately 1.2, 0.6, or 0.4 for m = 1,
2, or 3, respectively. These values differ
significantly from the resonance values
so that, in principle, the resonances
should be suppressed. In an experiment
to test this concept, a screen with these
dimensions was placed over a cavity 302
mm deep. Another cavity of equal depth
was covered with a screen of d=3.18 mm
and /= 12.70 mm to obtain a phase cou-
pling parameter of 0.5, which is a reso-
nance value. The results of the experi-
ment indicated that the resonance was
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Figure 1. The Perforated Metal Sheet Sheds Vortices as air flows past the cavity, exciting acoustic res-

onances in the cavity.

- Screen with d = 3.18 mm, /= 12.70 mm
—— Screen with d = 1.59 mm, /= 5.16 mm

Figure 2. The Peaks in the Spectrum of Sound excited by air flowing past the cavity are reduced

sharply by choosing / and d to avoid aeroacoustic resonances.

much weaker in the cavity covered by
the d = 1.59 mm, /= 5.16 mm screen, as
expected.

This work was done by Paul T. Soderman

www.nasatech.com

of Ames Research Center. For further
information, write in 86 on the TSP Request
Card.
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Liquid-Vaporizing Microthrusters
Liquid propellant would substantially reduce or eliminate containment and leakage problems.
NASA'’s Jet Propulsion Laboratory, Pasadena, California

A development of liquid-vaporizing
microthrusters is proposed for space-
craft with masses of no more than 10
kg. In a typical application, a propel-
lant liquid (e.g., water, ammonia, or
hydrazine) would be stored in the lig-

lation) on silicon substrates, thin-film
electrical heaters made of polysilicon,
gold electrical contacts, and passivation
layers of silicon nitride covering all sur-
faces in contact with the flow.

This work was done by Juergen Mueller,

Stephanie Leifer; Lilac Muller, and Thomas
George of Caltech for NASA’s Jet Propul-
sion Laboratory. For further information,
write in 11 on the TSP Request Card.
NPO-19928

uid phase. When thrust was needed,
some of the liquid would be fed to a
microthruster, wherein the liquid
would be heated, vaporized, and
expanded through a nozzle to produce
thrust. The microthruster would be
micromachined from silicon and would
weigh only a few grams. The micro-
thruster assembly would be made to fit
on a chip typically 1 cm®. One of the
principal advantages of using a liquid

Silicon Substrate
(Diverging Nozzle Segment)

propellant (in contradistinction to a / / / / } \

gaseous propellant) is that a liquid T
propellant could be contained much Pyrexor  Passivation Sio, Thin-Film Silicon Substrate Al Contacts
more easily, presenting less of a leak- E%‘g;g:m Heater (Heater Segment) Inlet

age problem.

A typical microthruster (see figure)
would feature a layered structure with
silicon dioxide films (for thermal insu-

A Liquid-Vaporizing Microthruster Concept would be based on a layered structure using thin-film
electrical heaters to vaporize liquid propellants.
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Shearographic Instrument
Shearograms are taken on a cantilever beam.
Marshall Space Flight Center, Alabama

A technique for calibration of an optoelectronic shearo-
graphic instrument is based on the use of a cantilever beam
with a concentrated end load as a standard for elastic defor-
mation of a test object under mechanical stress. Deformations
of a test object under mechanical stress can include displace-
ments of surfaces in directions perpendicular to the surfaces.
Shearography is a noncontact optical method (explained
briefly below) of measuring such displacements along lines of
sight approximately perpendicular to the surfaces. A can-
tilever is particularly suitable as the elastic-deformation stan-
dard in the present technique because cantilever beams are
commonly used to teach stress-vs.-strain relations to engi-
neering students, and the basic equations for elastic defor-
mation of a cantilever beam are well established.

A representative optoelectronic shearographic instrument
(see Figure 1) includes a laser and optics that provide an
expanded beam of coherent light to illuminate the test
object. The instrument also includes a video camera
equipped with an image-shearing lens, which is a lens covered
partly with a wedge-shaped prism (or with a birefringent
plate). The image-shearing lens produces two closely related
effects; each point on the test object is imaged at two points
on the focal plane of the camera, and each point on the focal
plane of the camera receives light from two points on the test
object. The distance (dx) between the points on the test
object is called the “shear distance” and is easily measurable
on the test object.

Optical Head
of Shearographic
Instrument

Laser

7

I
I
|
|
|
|
‘ |
|
|

|

e ol
‘ Shearing |
I Lens | /
| -
‘ —_—— 1‘//
| video Dl Test Object —»
| |Cameraj(~ | =
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|

Camera Focal Plane
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Figure 1. A Shearographic Instrument exploits interference between rays
of coherent light arriving at one point on the camera focal plane from two
different positions on the test object.

Shearography is an interferometric method that relies on
the second-mentioned effect of the image-shearing lens. The
portions of light arriving at a point on the focal plane of the
camera from two points separated by dx have two different
phases because of the difference between the distances the
two portions have traveled from the laser. The phase differ-
ence and thus the interference between these two portions
depends on the local deviation of the surface of the test

NASA Tech Briefs, May 1997



object from a nominal constant-phase
surface approximately perpendicular to
the line of sight. The overall effect is to
produce an image containing interfer-
ence fringes that correspond to con-
tours of the slope of observed surface of
the test object. Typically, one records
such a shearographic image when the
test object is unstressed, then records
another image when the object is
stressed. From the shift in interference
fringes between the stressed and
unstressed conditions, one can com-
pute changes in slope and displacement
of the observed surface of the test
object.

Concentrated
End Lload

Figure 2. A Cantilever Beam Subjected to a
Known Displacement by a concentrated end
load serves as the test object in the present cal-
ibration technique.

In the present technique, the appara-
tus is set up to observe the slope and dis-
placement of a cantilever beam (see
Figure 2). Shearograms are recorded
both with the beam undeflected and
with the beam under a concentrated
end load to obtain a measured end
deflection wy. The two main equations
used in the present technique are
derived from the basic equation for
shearographic interference and the
basic equation for deformation of a can-
tilever beam under a concentrated end
load. The first equation gives the order,
n, of the interference fringe at point x
along the beam:

%= (Sut,sx/lL’) (2Lx -xg)
where wy, is the deflection at the end

of the beam, A is the laser wavelength,
and L is the length of the beam. The

NASA Tech Briefs, May 1997

second equation gives the calibration
error, expressed as the fractional differ-
ence, &, between the observed and pre-
dicted values of the slope of the beam at
point x:

&= n/'LLS/Swob'x(2Lx — x’) = |

During a calibration procedure, one
determines the position xat which each
integer fringe order n occurs on the
shearogram, then inserts the values of
nand xinto the second equation. Thus,
a value of fractional error is assigned to
each fringe. If the range of slopes to be

encountered during subsequent tests is
known or can be predicted, then the
maximum error observed in that range
during calibration can be taken as the
maximum error during the subsequent
tests.

This work was done by Samuel S. Russell
of Marshall Space Flight Center and
Matthew D. Lansing and Gary L.
Workman of the University of Alabama in
Huntsville. For further information, write
in 42 on the TSP Request Card.
MFS-26364
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## Enhancement of the NA4 Gear-Vibration Diagnostic Parameter

This version of NA4 provides a more sensitive indication of damage.

Lewis Research Center, Cleveland, Ohio

“NA4*" denotes an enhanced ver-
sion of the NA4 gear-vibration diag-
nostic parameter, which was described
in “Analyzing Vibrations To Detect
Damage on Gear Teeth,” (LEW-
15974), NASA Tech Briefs, Vol. 21, No. 2
(February 1997), page 1b. NA4 is one
of several time-varying statistical para-
meters that are computed from mea-
surements of vibration in gear trains
to detect damaged gear teeth.
Vibration-analyzing systems that com-
pute NA4 and the other parameters
are being developed to monitor gear
drives to provide timely warnings dur-
ing operation.

Vibration in a gear train is measured
using an accelerometer mounted on
the gear housing. The instantaneous
output of the accelerometer is record-
ed digitally. A synchronizing signal is
recorded with the vibration signal to
allow time-synchronous averaging.
Time-synchronous averaging reduces
the effect of incoherent noise and
improves the signal-to-noise ratio.

NA4 was developed to overcome
some of the limitations of another
parameter, called “FM4,” that is widely
accepted in industry. In preparation
for computing NA4, the data are pre-
processed into a residual signal by
removing certain components syn-
chronous with the meshing of gears
while retaining first-order sidebands.
NA4 is defined as the normalized
fourth statistical moment of the resid-
ual signal divided by the square of the
current run-time averaged variance of
the residual signal. NA4* is similar to
NA4 in that its numerator is also the
kurtosis of the residual signal.
However, the denominator of NA4* is
the square of the variance of the
undamaged gearbox signal.

The change from NA4 to NA4*
allows the parameter to continue to
grow with the severity of the fault.
NA4* is a parameter that is more
robust when damage progresses since
the comparison is being made to the
gearbox when it was in a good condi-

tion. The formulation of NA4* pro-

vides for indication of damage both at

initiation and as damage progresses.

In experiments on spur- and spiral-

bevel gear fatigue test rigs, the perfor-

mance of NA4* was examined and
compared with those of NA4 and FM4

(see figure). In these experiments, the

primary failure mode was pitting of

gear-tooth surfaces. The following
conclusions were drawn from the com-
parisons:

* In almost all cases, NA4* gave a
more sensitive indication of damage
than did NA4.

* NA4* was found to be less likely to
fail to indicate damage than were
NA4 and FM4.

¢ NA4* was found to be capable of
indicating damage, both when local-
ized damage is present and as dam-
age progresses. The FM4 and NA4
parameters, however, cannot indi-
cate damage after localized damage
has progressed.

This work was done by Harry J. Decker

of the Vehicle Technolo-
g Center of the U.S. Ar-
my Research Laboratory,

Diagnostic Parameter

oy s —— —

James J. Zakrajsek of
Lewis Research Cen-
ter, and Robert F.
A Handschuh of the Ve-
I hicle Technology Center
I of the U.S. Army Re-
| search Laboratory. For
/ Sfurther information write
in 65 on the TSP Re-
quest Card.

Inquiries concerning
rights for the commercial
use of this invention
should be addressed to
NASA Lewis Research
Center, Commercial Tech-
nology Office, Atin:
Tech Brief Patent Status,
Mail Stop 7-3, 21000

Run Time, h

Brookpark Road, Cleve-
land, Ohio 44135. Re-
Jer to LEW-16284.

120

A Comparisnn Between Diagnostic Parameters during a pitting failure on tooth surfaces is shown.
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# Automatic Regulation of Material Level in Industrial Blender

Marshall Space Flight Center, Alabama

A control system automatically regu-
lates the level of material in an indus-
trial blender in which maintaining the
correct level is necessary for both
product quality and safety. The
blender includes a mixing chamber
with a turbine-type head that mixes
two powder streams that enter from
the top, with a liquid stream that
enters from the bottom. The resulting
blend the chamber

flows out of

A 7 ey

t

through a discharge gate at its bottom.
The level-regulating control system
includes two level sensors on the side
of the chamber, one slightly above the
other. The outputs of these sensors are
fed to a programmable-logic con-
troller (PLC) that, in turn, controls a
linear actuator that varies the opening
of the discharge gate. The PLC modu-
lates the gate opening to maintain the
material level between the two sensors.
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A third sensor on the chamber lid pro-
vides redundant protection against
flooding: if the material level rises to
near the lid, the output of this sensor
triggers an emergency shutdown of all
material feeders.

This work was done by Joel Crook of
Thiokol Corp. for Marshall Space Flight
Center. For further information, write in
82 on the TSP Request Card.

MFS-31127

TﬁVibration-Isolation

System for
Industrial Blender

Marshall Space Flight Center,
Alabama

A pneumatic suspension system
for the industrial blender described
in the preceding article suppresses
low-frequency vibrations generated
by the motor that drives the blender.
It is necessary to suppress these
vibrations because they can affect
feed rates of the materials to be
mixed and thereby alter the compo-
sition of the blend beyond narrow
tolerances. The suspension system
includes air bladders that support an
outrigger frame that, in turn, sup-
ports the blender frame. When the
bladders are inflated to a nominal
pressure of 50 psig (gauge pressure
of 0.34 MPa), the outrigger floats
between upper and lower limit stops.
Flexible inlet and outlet connections
are needed to accommodate the
flotation: The liquid-supply line is a
polytetrafluoroethylene-lined hose
enclosed in stainless-steel braid. The
powder-supply lines are convoluted
hoses. A specially designed flexible
outlet assembly includes a sloped
enclosed trough that enters a vertical
discharge pipe through a loosely fit-
ting notch in the pipe. A boot on this
assembly encloses the process stream
and accommodates the flotation of
the blender as a whole, the motion
of the discharge gate, and the
motion of a transparent cover on the
top of the pipe that moves with the
discharge-gate actuator linkage.

This work was done by Joel Crook of
Thiokol Corp. for Marshall Space
Flight Center. For further information,
write in 81 on the TSP Request Card.
MFS-31126
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¥ Apparatus for Testing Sliding Seals for

Hypersonic Engines

Seals are exposed to high-temperature conditions like those

expected in service.

Lewis Research Center, Cleveland, Ohio

An apparatus is designed for testing
specimens of sliding seals that are under
consideration for use in advanced hyper-
sonic aircraft engines. These variable-
area-ratio engines require movable pan-
els and panel seals to maximize engine
thrust over the mach range of 0 - 25
(mach 1 = speed of sound). The sliding
seals are needed to prevent the leakage
of hot, pressurized engine gases through

the gaps between the sliding panels and
the walls. Several proposed designs for
these seals were described in prior arti-
cles in NASA Tech Briefs; these articles
were “Dynamic, High-Temperature,
Flexible Seal” (LEW-14672, U. S. Patent
no. 5,014,917), Vol. 13, No. 4 (April,
1989), page 101; “Dynamic, High-Tem-
perature, Flexible Seals” (LEW-14695,
U. S. Patent no. 4,917,302), Vol. 16, No. 3,
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This Hot Dynamic Seal Rig is an apparatus for testing sliding seals under conditions like those

anticipated in advanced hypersonic engines.

NASA Tech Briefs, May 1997

www.nasatech.com

|

a))

LOW-PROFILE

LOAD CELLS

AV /
Y 7
114/

1/

JARE NOT
CREATED EQUAL

Interface Low-Profile Load Cells, with
their unique shear web design and
premium alloy construction, continue to
set the performance standard in force
measurement.

These high performance load cells excel
in automotive, aerospace, medical,
scientific and industrial applications
world-wide. The superior design provides:

 High output
* High frequency response
¢ Excellent symmetry

* High resistance to off-center
loading

* Multiple bridge options
» Capacities from 50 to 200,000 Ibs

Don't settle for less. Call today to discuss
your specific application.

incterface

ADVANCED FORCE MEASUREMENT

7401 East Butherus Drive
Scottsdale, Arizona 85260
Tel. (800) 947-5598
Fax (602) 948-1924
E-mail: gen@interfaceforce.com
http://www.interfaceforce.com

For More Information Write In No. 419



Testing Equipment
Quality Equipment for Your
Testing Needs

Pictured Above:
* Series 3210 Furnace (left),
» Series 3610 Oven (middle),

¢ and Ultrasonic Test Blocks (right)

Other Test Equipment:
Universal Testing Machines, Creep Testers,
Extensometers, Asphalt Testers, and Accessories

Standard and Custom Equipment
THE MARK OF RELIABILITY

APPLIED TEST
Ay \STCMS.INC.

Phone: 412/283-1212, Fax: 412/283-6570
Online: http://www.atspa.com

For More Information Write In No. 420

¢ O O 0 @ ¢ 0 e ‘ ‘ o O
Thermofoil™ Heaters
put the heat where vou need it

Flexible etched-foil heate dd shapes, profiled or mgl-
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

Precise, reliable heating « Minimal space, mass, & design

overhead  Medical diagnostic instruments e Aerospace

devices « Commercial appliances e Packaging machinery
 Scientific instruments e Electronics

M I Nco PRODUCTS, INC.

7300 Commerce Lane « Minneapolis, MN 55432-3177 U.S.A.
Telephone: (612) 571-3121 « FAX: (612) 571-0927

80 For More Information Write In No. 421

(March, 1992), page 71; “High-Temperature, Flexible, Pressure-
Assisted Brush Seal” (LEW-15086, U. S. Patent no. 5,076,590),
Vol. 17, No. 2 (February, 1993), page 74; and “High-
Temperature, Flexible, Fiber-Preform Seals” (LEW-15085, U. S.
Patent no. 5,082,293), Vol. 17, No. 2 (February, 1993), page 75.

Using air as the test gas, the apparatus can measure leakage at
temperatures from ambient to 815 °C (1500 °F) and differential
pressures up to 690 kPa (100 psi). The performance of the seal
specimens can be measured while sealing against flat or distort-
ed walls. In the apparatus, two horizontal seal specimens are pre-
loaded against opposite sides of a device called a “sabre,” which
is a plate that simulates an engine wall and is slid transversely
to the axes of the seals (that is, vertically) to simulate the scrub-
bing motions anticipated in engines. The surface of the sabre
can be made flat or distorted and smooth or rough, as needed,
to test the performance and durability of the seal specimens.

The length of the seal specimens and the corresponding long
horizontal dimension of the sabre is about 30 cm (1 ft). The range
of vertical motion of the sabre is +5 cm (+2 in.).The sabre is
moved vertically by use of a motor, gearbox, and crank; the aver-
age vertical speed is adjustable from 0 to 5 cm/s (0 to 2 in./s).
The vertical position of the sabre is measured by a linear variable-
differential transformer. The number of cycles of vertical motion
is measured by a cycle counter connected to the crankshaft.

Rub blocks (not shown in the figure) prevent leakage at the
ends of the seal specimens. The rub blocks are machined to seal
precisely against the ends of the sabre. By use of pressurized bel-
lows, the rub blocks are pneumatically preloaded, both against
the sabre and lengthwise against the ends of the seal specimens.

The seal specimens can be preloaded against the sabre in
either of two ways depending on the sealing concept under
test; either variable-preload forces can be applied by pressur-
ized bellows, or else the seal specimens can be crushed to a
fixed extent by use of a shimmed crush bar.

Metered, pressurized air is supplied to a plenum in the base
of the apparatus, upstream from (below) the seal specimens.
Four 3.5-kW electrical-resistance air heaters operating under
digital control with temperature feedback are threaded into
the base. The plenum contains a mesh heat exchanger, which
diffuses the flows of air and heat. Each heater is controlled by
a digital controller with temperature feedback. The heaters
can supply air at a temperature of 815 °C ( 1,500 °F) at a flow
rate of 0.009 kg/s (0.02 1b/s).

Leakage past the seal specimens is measured by flowmeters,
which are placed upstream of the heaters to eliminate the need
to capture and cool the leaking hot gas. The differential pres-
sure across the seal specimens is measured by use of pressure
taps, immediately upstream of the seal specimens, connected
to room-temperature pressure transducers via tubes that are
>15 cm long to prevent heating of the pressure transducers.
Pressures in the seal cavities and in the preload bellows are also
measured. The temperature of the impinging hot air is mea-
sured by thermocouples just upstream of the seal specimens.
Load cells in the linear carriage assembly that supports the
sabre measure seal drag; that is, friction between the seal spec-
imens and the sabre.

NASA Lewis used this test fixture to evaluate the hot sliding
durability performance of a number of candidate hypersonic
engine seals, as documented in NASA TP-3483.

This work was done by Bruce M. Steinetz of Lewis Research
Center, Jeffrey H. Miller and Paul J. Sirocky of Sverdrup Technology,
Inc., and Lawrence A. Kren of Case Western Reserve University. For
[further information, write in 83 on the TSP Request Card.

Inquiries concerning rights for the commercial use of this invention
should be addressed to NASA Lewis Research Center, Commercial
Technology Office, Attn: Tech Brief Patent Status, Mail Stop 7-3,
21000 Brookpark Rd., Cleveland, OH 44135. Refer to LEW-16211.
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Choice of 55 Standard Fans

Now, ebm/Papst offers one standard fan tray with
your choice of fifty-five brushless DC or AC fan
models. Air flows 50 to 108 CFM. Terminations
to meet your needs. Custom trays also available.

DY -

with the products, engineering and service to meet our
customers’ most demanding requirements. ebm/Papst
offers all types of standard fans and blowers, plus the
application engineering and manufacturing versatility to
offer value-added, packaged cooling in FlatPak's™, Fan
Trays or Flo-Thru Modules™. ebm/Papst is an ISO 9001
supplier with the ability to meet the most stringent quality
and scheduling requirements, or simply ship a single order.
Call today for information or a full-line catalog. Ask for an
application engineer if you have a specific need.

For More Information Write In No. 450

The POWER OF COOL continues to lead the industry

Board Level Air Movers,
Fans or Motorized Impellers

Miniature fans from ebm/Papst have the same
quality and performance as the rest of our
complete product line. These 40mm fans and
motorized impellers solve board level problems.

ebm/Papst

110 Hyde Road

Farmington, CT 06034
Phone: 860-674-1515

Fax: 860-674-8536
e-mail: sales@ebm.com
Internet: http://www.ebm.com

FREE Fan & Blower Catalog

GET YOUR
COPY NOW!
ebm/Papst
offersa
complete line
of Fans &
Blowers. This
easy-to-read,
easy-to-use
200-page
catalog offers
brushless DC
and AC
products for
all kinds of
air moving
applications.

Fans &}?wers
%

Backward Curved Impellers
offer Quiet Versatility

Quiet operation without a scroll housing. 360°

airflow. Higher efficiencies and quieter operation
than most other air movers. AC or brushless DC.
Mount in Flo-Thru Modules™ for easy assembly.

Tubeaxial Fans, 40mm to
225mm, AND Everything
in between!

ebm/Papst offer the widest range of brushless
DC and AC tubeaxial fans in the world. Plus all
kinds of other air moving products. Application
engineers always available, 860-674-1515.
Most products are in stock, ready to ship.

FLATPAK's = Spot Cooling

air against higher static pressures. FLATPAK™
blowers mount in any position. DC or AC models.

A great answer for spot cooling, or shallow, tight fits.
FLATPAK's are quiet, efficient and good for moving
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On the cover:

The ADA-100 Airborne Droplet Analyzer icing probe from Aerometrics Inc., Sunnyvale, CA, is intended for use with the company’s phase Doppler
system both on board aircraft and in simulated icing conditions such as those created in NASA's Lewis Research Center Icing Research Tunnel.
NASA Llewis has supported the development of the laser instrumentation for analyzing icing and corrosion. See feature arficle on page 2a.
Photo courtesy Aerometrics Inc.

High-Temperature BNC Connectors

A cost effective alternative for meeting the
requirements of an increased temperature environment.

B PC Mount B Right Angle B Vertical m Standard/Low Profile ® 50/75 ohm

Call or fax for information, samples or quotation.

A L ELECTRONICS INC.

j D 10421 Burnham Dr. N.W., Bldg. 4, Gig Harbor, WA, USA 98332

PHONE (206) 851-8005
FAX (206) 851-8090

Email:adinfo@adelectronics.com = http://www.adelectronics.com
May 1997

For More Information Write In No. 451
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Advanced Probe
Fights lcing and Corrosion

CAD) in Trenton, NJ, is currently using an

Aerometrics Inc. phase Doppler particle analyzer
(PDPA) system with an ADA-100 icing probe in jet-engine
specification tests for corrosion and icing. These tests
require specific inlet-duct conditions to be set for engine
testing and certification.

The corrosion tests utilize salt-water sprays to duplicate
corrosive effects of the type that carrier-based operations
would have upon a jet engine. The icing tests require super-
cooled water sprays to simulate conditions that can lead to
ice accretion at the

T he Naval Air Warfare Center=Aircraft Division (NAW-

provides the necessary measurements of velocity and num-
ber density, as well as a mass flux algorithm.

The Navy specification calls for a uniform flow field
across the engine inlet duct with the droplet median vol-
ume cited above for both tests. Other pertinent flow char-
acteristics (velocity, temperature, etc.) and jet-engine oper-
ating parameters are changed to simulate various test
points. Inlet duct diameters range from approximately 28
to 72 in., and the required flow field is generated by a bank
of air-assist flow nozzles approximately 15 to 20 ft. upstream
of the jet engine’s inlet.

The phase Doppler

engine inlet and fore-
MOSt COMPressor stages.

NASA’s Lewis Re-
search Center (LeRC)
supported the develop-
ment of laser instru-
mentation based on the
phase Doppler method
for determining medi-
an volume diameter
and liquid water con-
tent. The instrumenta-
tion was to be used
both on board aircraft,
as a research tool, and
in simulated icing con-
ditions such as those
provided by LeRC’s

method is based upon
the principles of light-
scattering interferome-
try. Measurements are
made at a small nonin-
trusive optical probe
volume defined by the
intersection of two
laser beams. As each of
the spherical particles
passes through the
probe volume, it scat-
ters the beams, creat-
ing an interference
fringe pattern. A re-
ceiving lens strategical-
ly located at an off-axis
collection angle pro-

Icing Research Tunnel.

The aim of the pro-
gram was to develop a
rugged, reliable, and accurate icing probe with a large size
range and negligible perturbation of the flow field. The
probe had to be compact enough to work in small facilities
and capable of long-term operation during heavy icing con-
ditions. Data acquisition needed to be fast and efficient,
especially in flight. Work with Aerometrics of Sunnyvale,
CA, resulted in the ADA-100 (Airborne Droplet Analyzer)
icing probe.

The NAWCAD system consists of the Aerometrics PDPA
with an integrated software-controlled two-axis traverse sys-
tem that can survey a 72-in. duct rapidly and precisely. Two
multiplexed ADA-100 transmitter/receiver probe assem-
blies supply continuous sizing information used to adjust
spray nozzles until a droplet distribution with a droplet
median volume (Dy5) of 20 pm is measured.

The system uses an argon-ion laser with fiber optic align-
ment and distribution hardware capable of delivering a pair
of green or blue beams to each probe transmitter simulta-
neously, as well as a real-time signal analyzer that can mea-
sure very dense high-velocity aerosol sprays. The system

Schematic of the phase Doppler particle analyzer.

jects a portion of the
fringe pattern onto sev-
eral detectors. Each
detector produces a Doppler burst signal with a frequency
proportional to the particle’s velocity. The phase shift
between the Doppler burst signals from the different detec-
tors is proportional to particle size.

Aerometrics has developed a method to directly measure
the sample volume simultaneously with particle size and
velocity, enabling an accurate determination of the particle
number density and volume flux. The phase Doppler
method requires no calibration, because the particle size
and velocity are dependent only on the laser’s wavelength
and optical configuration. PDPA measurements are not
based upon the scattered light intensity, and consequently
are not subject to errors in dense particle and combustion
environments, making the method ideal for studying fuel-
injector systems. The optical transmitter and receiver may
be traversed together to move the location of the optical
probe for spatial mapping of the flow field and of particle
size distributions.

For more information, contact Dena King at Aerometrics Inc.,
(408) 738-6688; fax (408) 738-6871.

2a www.nasatech.com
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INTEGRATED FAN HEAT SINKS:
SMALLER, MORE POWERFUL

Compared to bolt-on fan heat sinks, integrated
fan heat sinks (IFHS) for high heat generating
components decrease headroom by 50% — as
much as 0.5" - and increase performance by
30%, offer low thermal impedance (1.4°C/watt)
and adapt to many applications. Requires only
0.2" headroom for fan airflow. 30db acoustic
noise. From Aavid Thermal Technologies, Inc.
(603) 528-3400 + FAX: (603) 528-1478

No. 469

PLUG-IN HEAT SINKS
COOL TO-220’s

Compact heat sinks for TO-220s plug in quickly.
Cut labor costs by eliminating mounting hard-
ware. Unique design forms spring action clips
that bolt semiconductors securely for superior
thermal performance. Small footprint (as little as
1/2" sq) saves valuable PCB space. From Aavid
Thermal Technologies, Inc. (603) 528-3400 «
FAX: (603) 528-1478.

No. 470

HIGH FIN DENSITY:
PEAK COOLING

New aluminum heat sink extrusions with high
fin density offer maximum cooling in minimum
space. Maximum industry fin-height-to-fin-
spacing ratio used to be 6:1. New technology
from Aavid extends it to 8:1, 10:1 and up. Ask
our engineers for design help. From Aavid
Thermal Technologies, Inc. (603) 528-3400 ¢
FAX: (603) 528-1478.

No. 471

HEAT SINKS COOL
MULTIWATT® PACKAGES

Low-cost heat sinks cool Multiwatt® and similar
packages. Self-locking design cuts assembly
costs, eliminates hardware. Unique design
holds packages securely for maximum thermal
performance. Slim and light, they take minimum
board space. Low/medium power applications.
From Aavid Thermal Technologies, Inc. (603)
528-3400 + FAX: (603)-528-1478.

Multiwatt is a trademark of SGS Thomson

No. 472

Aavid Fast Facts™ Automated Fax Retrieval (603) 527-2169

Visit Aavid’s Home Page at HTTP:/ / WWW . AAVID . COM

HEAT SINK TECHNOLOGY
DESIGNED TO TAKE YOU
INTO THE NEXT
MILLENNIUM.

As microprocessor technology
accelerates into the 2|st Century,
Aavid is up to speed with standardized
drop-in thermal solutions that are fully
optimized and tested for cooling

today’s hottest processors.

We provide designers
with impressive benefits,
including:
* Active and Passive
Heat Sinks
* Advanced Interface
Materials
* Applications Assistance
* Convenient Attachment Methods
* High Volume Production

Aavid offers the industry’s
widest selection of heat sink
technologies for all your design
requirements. Also, Aavid has the
most advanced thermal
development and design
verification facility in
the industry.

In addition, we offer
you a choice of interface
material and attachments.
Surface mounting is no
problem, either.

As the future heats up, call us at
(603) 528-3400. Aavid. We bring
cool, clear thinking to your design team.

Se AAVID

4A: THERMAL TECHNOLOGIES. INC

ONE COOL IDEA AFTER ANOTHER

One Kool Path « P.O. Box 400 * Laconia, NH 03247-0400 « USA

For More Information Write In No. 468
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POWERED BY MOTOROLA.

Universal Remote AV Receiver Solutions Cordless Phone
Motorola irtegrated chip sets Motorola has belped to bring Walkie talkies were the forerunners
put the power in wversal remotes. professional audio &)mhr) home with to cordless phones. Now Motorola
And smarter remote controls mean its lme of 24-bit DSPs. And that gives has embedded that technology mto
you can control VCRs, TVs and you the capability to master music, today’s cordless phones, gwmg you
Audio systems with just one touch. movies and games. the freedom to walk and tﬁ&

Anything is possible. So if you can dream it, we can help you do it. And we're in the business of taking risks
so our customers don’t have to. In fact, we continually set benchmarks in many of our customers’ industries.
Our products have helped make everything from cordless phones and video games to the next generation of
flat-panel plasma displays possible. And with hundreds of devices for the consumer electronics market,
engineers worldwide are realizing the infinite possibilities of their future. From Consumer Electronics to
Wired and Wireless Communications, Motorola products power the innovative solutions that enable your success.
Visit us at http://motorola.com/sps or call 1-800-521-6274 (Ref. #297).

@ MOTOROLA

Semiconductor Products Sector

What you never thought possible™



Mobile X-Ray Unit

A compact and portable design makes the system attractive for
small-part inspection, threat detection, and surveillance in remote locations.

Naval Research Laboratory, Washington, D.C.

The Naval Research Laboratory (NRL)
has developed an intense pulsed x-ray
source that is extremely portable. The
applications of this technology include
in-situ testing of x-ray detectors and CCD
imaging arrays, dental x-ray imaging in
remote locations, in-situ examination of
injured human extremities, and on-ite
examination of small archeological arti-
facts (when used with a CCD imaging
panel). In addition, because the system
employs short (50 ns) pulses, this tech-
nology has stop-motion capabilities that
will find use in imaging small animals
without the need for anesthesia, as well
imaging device components while the
device is operating.

Pulsed shadowgraph radiography was
developed in 1938 as a means of observ-
ing extremely rapid motion when the
subject was obscured from observation
with visible light. To date, flash radiog-
raphy has been the principal means of
observing lensed implosions and ballis-
tic impacts over microsecond time
scales. The majority of these systems are
based upon the Marx circuit, which can
be viewed as a distributed transmission-
storage line.

NRL's flash generator is an improve-
ment over existing pulsed x-ray sources
in that the x-ray tube, Marx generator,
and pulse-shaping circuit are integrated
into a single cylindrical pressurized
housing with the triggering electronics
and high-voltage supply in an adjoining
electromagnetic-interference-shielded
enclosure, below the x-ray generator.
Conventional and older flash x-ray gen-
erators consist of rack-mounted power
supplies and can weigh hundreds of
pounds.

This Mobile X-Ray Unit (MXU) is
independent of the power grid and is
quite compact, weighing only 26 Ib.
NRL integrated compact oscillator
power supplies with a novel Marx drive
x-ray system and has developed a truly
portable x-ray pulse generator that can
generate user-defined x-ray pulse dura-
tion and energy. When combined with
an x-ray detector, of the type developed
for dental x-ray imagery and controlled
by a notebook computer, the MXU
becomes an instrument that can be
used in remote or confined space for x-

pared to transitional thermionic x-ray

tubes are:

¢ Intense x-ray flux: dose at the tube
window >3 rad/cm® and repeatability
more than 95 percent; short pulse
duration;

® 50-ns x-ray pulse width, which elimi-
nated integrated noise in CCD arrays
and motion blurring in rapid-motion
radiography, and complete portability;

¢ Internal battery can supply >150 puls-
es, and the system can be recharged
by a 12-V vehicle voltage supply or
115-VAC mains.

The Mobile X-Ray Unit developed at the Naval Research Laboratory.

ray inspection, security surveillance,
and medical applications. The system is
detector-limited, but companies around
the world are actively developing large-
format high-resolution real-time imag-
ing systems that could be adapted for x-
ray imaging.

Other advantages of the MXUs (a
field-emission x-ray device) as com-

This work was done by C.N. Boyer, Glenn
E. Holland, and John F. Seely for the Naval
Research Laboratory. Inquiries concern-
ing rights for the commercial use of this
invention should be directed to the Office of
Technology Transfer, Code 1004, Naval
Research Laboratory, 4555 Overlook Ave.
SW, Washington, DC 20375-5320; (202)
767-7229; fax (202) 404-7920.

Three-Dimensional Long-Trace Profilometer
Figures of cylindrical and conical surfaces can be measured without contact.

Marshall Space Flight Center, Alabama

An interferometric optical noncon-
tact metrological instrument measures
the three-dimensional surface figures of
optical components with high precision.
The instrument is designed especially
for measuring (1) the interior surfaces
of glass and metal cylinders and cones
that are used as glancing-incidence
reflectors in x-ray telescopes and (2) the

6a

exterior surfaces of polished mandrels
from which thin-shell metal conical and
cylindrical optics are made. The instru-
ment is a2 modified version of the Long
Trace Profilometer II (LTP II), which is
a commercial slope-measuring interfer-
ometer that, during the past decade, has
become the de facto world standard for
synchrotron-radiation x-ray mirrors.

www.nasatech.com

Results from the proof-of-principle
experiment indicate that the modified
LTP II is capable of three-dimensional
measurement of surfaces of typical tele-
scope parts with slope errors less than
one microradian and height errors as
small as a few nanometers.

The unmodified LTP II performs a
horizontal line scan with two parallel

May 1997



Why settie for
How valuable is creativity? d des'ﬂ“ that will
]lISt work...

What if it's used to design a better more cost-effective circuit?

when you can
now create your
ideal solution.

PSPICE ANALOG/DIGITAL
SIMULATION

SCHEMATIC ENTRY
PLD SYNTHESIS
PC BOARD LAYOUT

DESIGNLAB START-TO-
FINISH SYSTEM

And that means you get
a better circuit design.

Enabling your creativity to develop the ideal design
in less fime—MicroSim’s Family of EDA products delivers
the flexibility and unique capabilities that help you do just that. Each
has features designed to work together. They accelerate your design process.
You can immediately see results of your design changes. This kind of power and
flexibility can only come from one company— MicroSim K e
MicroSim
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Figure 1. In the Modified Long-Trace Profilometer, the optical head is fixed to a breadboard table. A linear translation stage provides vertical motion for
the probe beam. The probe beam as shown here is configured for both the interior of a telescope cylinder and the exterior of a mandrel.
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Figure 2. The Major Components

II. Other items are additions needed for the vertical-scanning capability.

and mutually coherent probe laser
beams aimed downward onto an
approximately or nominally horizontal
surface. The two beams are separated by
1 mm along the horizontal scan axis.

8a

The optical and optoelectronic subsys-
tems of the unmodified LTP II are con-
tained in an optical head that is scanned
by moving it along a bridgelike structure
that stands over and spans the mirror or

www.nasatech.com

of the Optical Head are shown here schematically. Items enclosed in the dashed-line box are parts of the unmodified LTP

other surface under test.

The difference between the heights of
the surface at the two beam spots is mea-
sured in terms of the difference between
the phases of reflections of the two

May 1997
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-200V +200V

-100mA
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Source and measure capabilities

First we doubled the function,

Model 2400 Model 2410 Model 2420
now we’ve tripled the choice.

Just like the original Model 2400, the two new
additions to the Keithley SourceMeter”
line combine sourcing and measurement in single,
high throughput, DC parametric test systems. The high
voltage Model 2410 and high current Model 2420
extend the range of these capabilities for high speed,
precision testing of a wider range of electrical
components, giving you a better return on investment.
In addition, you can bundle each member of the
SourceMeter family with a broad selection of compatible
accessories, including switching systems. The result
is complete, efficient, multi-point solutions
for production testing or off-line characterization.
For your free brochure, contact Keithley today.

o

...
UL
@&\‘

KEITHLEY

Specifications .
Dynamic Range 1 year basic accuracy:
2400 2410 2420 Max system speeds: External interface: (5'/»-digit resolution)
Voltage +200V £1100V 60V Pass/fail = 500ps IEEE-488 (SCPI) Volts 0.01%
Current £1A/20V =1A220V +3A/20V Tomemory = 500us RS-232 Amps 0.02%
+100mA/200V +20mA/1100V +1A/60V To IEEE-488 = Ims Digital 1/0 Ohms 0.04%
Power 22W 2w 66W Range change = 13ms Component handler

Internally programmable measurement sequence up to 100 points.
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probe beams, and this difference in
height divided by the horizontal dis-
tance between the probe beams is taken
as a direct measure of the local surface
slope in the vertical plane defined by the
laser beams and scan line. The slopes
thus measured can be integrated along
the scan axis to obtain the relative sur-
face height as a function of position
along the scan axis; this amounts to two-
dimensional information about the
scanned surface.

The LTP II was modified into the pre-
sent instrument to satisfy a need for
three-dimensional measurements of
nominally or approximately vertically
oriented surfaces — especially vertically
oriented cylinders and cones. (In the
case of highly precise conical and cylin-
drical x-ray-telescope reflectors, the verti-
cal orientation is necessary to minimize

surface errors caused by sagging of the
reflectors under their own weights.) The
modification included the addition of a
vertical translation stage for the optical
head, plus a rotary stage for turning the
cylinder or cone of interest about a verti-
cal axis (see Figure 1); together, these
stages provide a two-dimensional scan,
which enables complete (three-dimen-
sional) characterization of the scanned
surface.

A pair of pentaprisms mounted on
the vertical-translation stage make it pos-
sible to direct the laser beams at right
angles onto the scanned mirror surface,
with no error introduced into the mea-
surement by imprecise motion of the
translation stage. To provide an adjust-
ment for scanning a conical (as distin-
guished from a cylindrical) surface, the
modification of the LTP II also included

the addition of means for offsetting the
direction of the probe beams by use of a
pair of Risley prisms. This adjustment
enables one to add a bias to the direc-
tion of the probe beams so that they are
normal to the average tilt angle of the
surface. One of the benefits of this
adjustment is that the measurement
light spot remains centered on the array
of photodetectors and utilizes the entire
dynamic range of the system.

This work was done by Haizhang Li of
Continental Optical Corp. for Marshall
Space Flight Center. For further informa-
tion, write in 28 on the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to the Patent Counsel, Marshall
Space Flight Center; (205) 544-0021. Refer
to MFS-26386.

Fast, High-Sensitivity Dew-Point/Frost-Point Hygrometer
Response is faster than that of a chilled-mirror dew-point hygrometer.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Figure 1 schematically illustrates an
improved dew-point/frost-point hygro-
meter — an instrument for measuring
the reduced temperature at which
ambient air becomes saturated with its
present water-vapor content and the
vapor begins to condense to liquid
water or ice. Like the relative humidity,
the dew point or frost point is a useful
measure of the water-vapor content of
air and is widely used in meteorology
and numerous other applications.

An instrument of the present type
exploits feedback control of the tem-
perature of a condensation-sensitive
transducer to maintain equilibrium
between condensation and evapora-
tion. The condensation-sensitive trans-
ducer is a surface-acoustic-wave (SAW)
device that serves as the resonant fre-
quency-selecting element of a radio-fre-
quency oscillator. The frequency of
oscillation is extremely sensitive to con-
densation on the surface of the SAW
device; thus, a change in the frequency
of oscillation provides a sensitive and
rapid indication that the temperature
of the SAW device is at or very near the
dew or frost point.

The SAW device, its oscillator circuit-
ry, and a low-power electrical-resistance
thermometer are mounted together on
a thermoelectric cooler. The output of
the oscillator is mixed to a lower fre-
quency, filtered, amplified, and
processed to obtain a raw digital indi-
cation of the frequency. Because the

10a

frequency depends somewhat on tem-
perature in addition to surface conden-
sation, the raw digital frequency-shift
reading is corrected by use of frequen-

resistance thermometer are fed to a dig-
ital feedback controller, the digital out-
put of which controls the current sup-
plied to the thermoelectric cooler. The

SAW Device and Resistance —,.
Thermometer

Thermoelectric Cooler

> Radio-Frequency Oscillator Circuit
(Except SAW Device)

Figure 1. A Dew-Point/Frost Point Hygrometer of the present type operates according to a unique
condensation-detection principle and to a feedback-temperature-control principle. Some aspects of
the design and operation resemble those of older SAW-based and chilled-mirror dew-point/frost-

point hygrometers.

cy-vs-temperature data derived from
calibration measurements taken when
the SAW device was known to be dry.
The corrected frequency-shift reading
thus provides the desired indication of
the amount of liquid water or ice con-
densed on the SAW surface.

The corrected frequency-shift digital
signal and the digitized output of the

www.nasatech.com

digital controller executes a feedback
control algorithm that incorporates cal-
ibration parameters to adjust the tem-
perature to correct for any deviation of
the corrected frequency-shift reading
from a value indicative of the onset of
condensation. Thus, the controller con-
stantly adjusts the temperature of the
SAW device to track the evolving level of

May 1997



We'll Catch You On The Web.

Visit us at http://smallest.pharlap.com to see how you can develop embedded applications that take full advantage of the web.

Phar Lap’s TNT Embedded ToolSuite®
Realtime Edition, complete with Realtime
ETS™ Kernel, now comes with our robust
networking protocol—ETS TCP/IP! This
cutting edge feature allows your customers’
mainframes, workstations, or PCs to
communicate with products on the factory
floor, in the lab, or at remote sites—all using
Web technology!

As a result, electronic OEMs can use this
technology to create intelligent machines

and instruments for an unlimited number

of applications such as medical instruments,

robotics, avionics equipment etc.

In addition, we support a variety of network
protocols as well as industry standard tools

such as Visual C++, Borland C++, CodeView,
and Turbo Debugger.

And because Phar Lap’s TNT Embedded
ToolSuite comes with development tools,

a Realtime ETS Kernel, and now ETS TCP/IP,
it is a one-stop shopping product with
enormous power

To find out more, catch us on the “World'’s
Smallest Web Server” today at URL
ttp://smallest.pharlap. orcall a
Phar Lap sales representative! You'll be
surprised how powerful the Web can be.

The 32-Bit x86 Experts
L

Embedded Development — Simply on Target ™

Phar Lap Software, Inc. 60 Aberdeen Avenue, Cambridge, MA 02138 » Tel: (617) 661-1510 « Fax: (617) 876-2972 * http://www.pharlap.com
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Figure 2. Relatively Small, Rapid Changes in the dew point or frost point can be tracked by the
hygrometers of the present type, but are missed by the chilled-mirror hygrometers.

moisture in the ambient air, and the out-
put of the resistance thermometer
therefore necessarily indicates the tem-
perature of the onset of condensation;
that is, the dew or frost point.

Two dew-point/frost-point hygrome-
ters of the present type were tested
alongside two state-of-the-art commer-
cial chilled-mirror hygrometers, which
are based on a similar principle in that

they measure changes in condensation
optically — in terms of changes in the
reflectivities of chilled mirrors. The tests
involved exposure to external air during
the descent of an airplane. The data
acquired during the tests (see Figure 2)
indicate that the steady-state accuracy of
the present SAW-based hygrometers is
comparable to that of the chilled-mirror
hygrometers, and that the present
hygrometers respond much faster to
changes in the dew point.

This work was done by Michael E. Hoenk
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, write
in 13 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

Larry Gilbert, Director

Technology Transfer

California Institute of Technology

Mail Code 315 - 6

Pasadena, CA 91125

(818) 395-3288

Refer to NPO-20006, volume and number
of this NASA Tech Briefs issue, and the
page number.

Polarimetric Microwave Radiometry for Measuring Ocean Winds
Anisotropy of thermal radiation is related to wind and its effects on waves.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A developmental method of estimat-
ing ocean-surface wind velocity is based
on the interactions between winds and
waves and the resulting anisotropy of
thermal radiation emitted by the ocean

surface. The method involves remote
sensing by one or more polarimetric
microwave radiometer(s) aboard an
aircraft, which circles the ocean loca-
tion of interest so that measurements

can be taken at a suitable angle or
angles of incidence (typically, 40° or
50°) and various azimuth angles. The
polarimetric radiometric data are
processed into Stokes parameters (see

! TV+ Th
Ql _|Ty+T,
U To+ T
v T+T,

Stokes Vector =

T,

EnE*p>+<E E",
EpE* > —<E E=)
2Re(<E E*p>)
2Im(<E E*p>)

T, : Brightness Temperature in Horizontal Polarization

, . Brightness Temperature in Vertical Polarization

T, : Brightness Temperature in 45° Polarization

T, : Brightness Temperature in —45° Polarization

T, : Brightness Temperature in Left-Hand Circular Polarization
T, : Brightness Temperature in Right-Hand Circular Polarization

Thermal Microwave
Radiation Emitted
by Ocean

Figure 1. The Stokes Parameters (the components of the Stokes vector) summarize the information on amplitudes and relative phases of vertical and hor-
izontal polarization components of the received radiation in a form that is convenient for some computations. In this case, the Stokes parameters are
expressed in terms of brightness temperatures in the various polarizations.
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Figure 1). The azimuthal dependence
of the Stokes parameters can be taken
as an indication of the direction of the
wind.

Figure 2 illustrates a polarimetric
radiometer designed to take the
required readings in initial experiments
at a frequency of 19.35 GHz. The elec-
tric fields entering the antenna are split
into horizontal and vertical (from the
observation perspective) polarization
components E, and E, respectively, by
an orthogonal-mode transducer. A wave-

setting, 22 pairs of antenna and refer-
ence load measurements are taken, cor-
responding to an integration time of 88
ms, and are reduced to one brightness-
temperature sample. Four polarizations,
including vertical, horizontal, -45° linear
(or left-hand circular), and +45° linear
(or right-hand circular) polarizations,
are scanned sequentially, with switch
positions commanded by a personal
computer, to obtain four brightness-
temperature samples, 7, T, T,, (or T),
and 7, (or T)).

suring buoys moored in the Pacific
Ocean off the northern California
coast. In a second set of experiments,
both radiometers took readings at
angles of incidence of 45°, 55°, and 65°.
In both sets of measurements, the
Stokes parameters in units of brightness
temperature exhibited upwind-vs.-down-
wind anisotropies of the order of a few
Kelvins; this finding lends credence to
the hypothesis that microwave polari-
metric radiometry can be used to deter-
mine the direction of the wind at the

—_

Shifter

0° or 90°

; Phase
Isolator G
—_

Magic Tee

Figure 2. This Polarimetric Radiometer includes a waveguide switch network containing a magic tee; this network forms the various polarization compo-
nents in preparation for measuring the brightness temperatures in those components.

guide switch network then produces
four polarizations from E, and E,. A
magic tee in the waveguide switch net-
work is used to form the sum and the
difference of the vertically and horizon-
tally polarized electric fields to produce
the +45° and 45° linear polarizations
with the phase shifter set at the 0° phase-
shift position. If the phase shifter is set at
the 90° phase-shift position by a manual
switch, the +45° and -45° linear polariza-
tions become right- and left-hand circu-
lar polarizations. At each polarization

14a

A second radiometer designed to
operate at a frequency of 37 GHz is sim-
ilar, except that it does not include the
90° phase shifter. Moreover, for lack of
time, the 90° phase shifter in the 19-
GHz radiometer was not used in initial
experiments, so that data on 7, and 7,
were not obtained and thus the fourth
Stokes parameter was not determined.
In one set of experiments, the 19-GHz
polarimetric radiometer took readings
at angles of incidence of 30° to 50°,
from a DC-8 airplane circling wind-mea-

www.nasatech.com

surface of the ocean. Presumably, the
amplitudes of the azimuthal depen-
dences of the Stokes parameters are
indicative of the speed of the wind, but

quantitative relationships between
these amplitudes and wind speeds have
yet to be established.

This work was done by Simon H. Yueh,
William J. Wilson, Son V. Nghiem, and Fuk
K. Li of Caltech for NASA’s Jet Propulsion
Laboratory. For further information, write
in 15 on the TSP Request Card.
NPO-19583
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Toughened
High-Temperature
Ceramic

A low-cost advanced ceramic

with high strength and

toughness, high thermal

shock resistance, and

E:sod electrical characteristics
been developed for

1000-°C applications.

Lockheed Martin Vought Systems,
Dallas, Texas

Advanced ceramic materials that
exhibit high strength and toughness
with good thermal shock resistance and
low dielectric properties are needed for
emerging high-temperature engineer-
ing applications. A recently developed
in-situ reinforced barium aluminosili-
cate (BAS) glass-ceramic shows promise
of meeting many of the requirements
for these types of applications with the
added benefit of low-cost fabrication
through densification by pressureless
sintering. The BAS glass ceramic is
toughened through in-situ growth of
whisker-like B-silicon nitride (SisNy)
grains resulting from the o-B SisN,
phase transformation. Developed for
missile radomes, the material's other
potential applications include compo-
nents in electronic packaging, low-loss
electric windows, armor, cutting tools,
and other structural applications.

A SisN,/BAS slurry is prepared by
ball-milling mixtures of high-content o-
SisNy, barium carbonate, aluminum
oxide, and silicon dioxide along with a
fugitive binder and a dispersant. The
resulting slurry can be used for slip-cast-
ing of components or can be further
processed by spray-drying to yield a
flowing powder for use in the fabrica-
tion of parts by conventional dry press-
ing or cold isostatic pressing methods.

The organic materials are burned out
and the "green" components are densi-
fied by pressureless sintering at temper-
atures between 1750-1800 °C. During
densification, the material reaches a
temperature at which the BAS con-
stituents and the SigN; react to form a
liquid phase. Transformation of the
SisN; takes place in the presence of the
liquid phase, during which whisker-like
elongated B-phase SisN, grains are
formed. Upon cooling, the whisker-like
grains (reinforcement phase) are sur-
rounded by a secondary matrix phase
composed of crystalline BAS to form an
in-situ reinforced barium aluminosili-
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Process for the formation of in-situ reinforced Barium Aluminosilicate Composites.

cate (IRBAS) composite.

The resulting advanced ceramic
material exhibits excellent mechanical,
thermal, and electrical properties and
can be tailored to specific applications
through control of the composite con-
stituents. For a 30-percent BAS/70-per-
cent SisN; composition, flexure
strengths up to 565 MPa and fracture
toughnesses up to 5.74 MPa-Vm are typ-
ical. Thermal properties include a low

coefficient of thermal expansion (3.8 X
10-6/°C) and high thermal conductivity
(9.19 W/ (cmeK)), which provides good
thermal shock resistance. Electrical
properties include a dielectric constant
of 7.75 and a dielectric loss of 0.001.
The material is currently being used in
missile radome applications at tempera-
tures up to 1000 °C.

This work was done by Kerry Richardson
and David Hunn of Lockheed Martin

Vought Systems, Dallas, TX. For further
information contact them at (972) 603-9844.

This invention is owned by Lockheed
Martin Vought Systems, and U.S. patent no.
5,358,912 has been issued. Inquiries con-
cerning nonexclusive or exclusive license for
its commercial development should be
addressed to the Patent Counsel at Lockheed
Martin Vought, (972) 603-9207.

Measuring Complex Permittivity of a Microwave-Heated Sample

Complex permittivity can be determined as a function of temperature.
NASA's Jet Propulsion Laboratory, Pasadena, California

An improved technique for measur-
ing the complex permittivity of a
microwave-heated sample of dielectric
material provides for simultaneous con-
trol of heating power and/or measure-
ment of the temperature of the sample.
This technique is based partly on the
established cavity perturbation tech-
nique, in which the real and imaginary
parts of the permittivity of a small sam-
ple are calculated from the values of the
resonance quality factor (Q) and reso-
nance frequency (f) of the microwave
cavity measured with and without the
sample present. Older techniques
based on the cavity perturbation tech-
nique do not provide for control of
power and/or temperature, and are
therefore not useful for characterizing
samples at temperatures above ambient
when only one microwave frequency is
used for heating and detection.

Microwave Source

:

1 Magnetic-Field
Sample I Coupler

o 4 Diode
Detector

Microwave Cavity

This Apparatus Uses the Same Resonant Microwave Field to both heat the sample and measure its
complex permittivity. The apparatus includes circuitry that controls the power dissipated in the sam-
ple and the walls of the microwave cavity, plus other circuitry that adjusts the microwave frequency
to track the resonance of the cavity with the sample present.

www.nasatech.com
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The complex permittivity of a dielec-
tric material is a measure of its mi-
crowave-absorption properties and of
some other physical and chemical prop-
erties. The complex permittivity is often
called the complex “dielectric constant”
even though it is not constant; indeed,
one could use the present technique to
measure the change in the complex per-
mittivity of a sample during microwave
heating and/or other processing to
monitor the extent to which the materi-
al has been converted to the desired end
condition.

In the present technique, one uses the
same microwave field to both heat the
sample in a controlled manner and mea-
sure its complex permittivity. The appa-
ratus used in this technique (see figure)
includes a microwave source, the fre-
quency and power of which can both be
controlled. The frequency of the source
is made to track f, even as f changes
somewhat with the condition of the
heated sample; the f-tracking technique
was described in “Measuring Q and f of
a Microwave Cavity: Part II" (NPO-
19356), NASA Tech Briefs, Vol. 19, No. 12
(December 1995), page 36. Controlling
the frequency in this way confers two
benefits: First, because the frequency is
always at or close to f;, power is delivered
efficiently to heat the sample even as the
dielectric parameters of the sample
change during continued heating.
Second, f can be continuously moni-
tored by use of a frequency counter con-
nected directly to the output of the oscil-
lator.

Diode detectors are used to measure
the forward power (F) traveling from
the microwave source to the microwave
cavity and the reflected power (Fy) trav-
eling from the cavity back to the source,
so that the net power transmitted into
(and thus dissipated in) the cavity (Pr)
can be calculated from Py = Py — Py. The
apparatus includes computer-controlled
circuitry for maintaining Pr at a desired
value. A third diode detector connected
to a magnetic-field coupler in the
microwave cavity measures a power (Fp)
that can be shown to be proportional to
the energy (Ey) stored in the resonant
electromagnetic field in the cavity.

The total power transmitted into the
cavity can be expressed as Pr = Ps + Py +
Py where Ps is the power dissipated in
heating the sample, Py is the power dis-
sipated in heating the wall of the cavity,
and P is the power loss in the input elec-
tronics. By continuously maintaining the
critical coupling between the microwave
source and cavity using an automatic
impedance tracking technique devel-
oped previously, the reflected power will
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be zero and power dissipated in the elec-
tronics will be equal to the power dissi-
pated in the cavity. The resonance quali-
ty factor of the cavity is then given by Q=
2nf.Ey/ Pr. By virtue of the equation for
the power-dissipation components, one
can write 1/Q+=2(1/Qw+ 1/Qs), where
Qw = 2nfEy/Py and Qs = 2nfEy/Ps.
Then the reciprocal of the quality factor
associated with the sample is given by
1/0Qs = 1/2/Qr — 1/Qw. Provided that
the temperature of the wall is main-
tained approximately constant (e.g., by
cooling it with water) Qy is independent
of Py and of the temperature (7) of the
sample. By making substitutions from

the equations and definitions above, the
equation for 1/Qs can be rewritten as
1/Qs = Pr/20f.Gy/ Py — 1/ Qy, where Gy
is the factor of proportionality between
By and Py (Gy = Ey/Py). Gy depends
only on the geometry of the cavity and
magnetic coupler and can be deter-
mined from a low-power calibration
measurement in the absence of the sam-
ple. By use of cavity perturbation theory,
one can compute the complex permit-
tivity of the sample from 1/ Qs.

In a typical experiment, one sets Py to
a desired value while measuring 7 by use
of a pyrometer or other noncontact
device. Once T settles to a steady value,
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one measures f; and P,. One then increases Py in steps and
repeats the measurement procedure at each step to accumu-
late sets of data on Py, f, and P, at various increments of T cor-
responding to the increments of Pr. From these data, one
obtains 1/ Qs as a function of T'and thus also the complex per-
mittivity of the sample material as a function of T.

This work was done by Martin Barmatz and Henry W. Jackson of
Caltech for NASA's Jet Propulsion Laboratory. For further infor-
mation, write in 97 on the TSP Request Card.

NPO-19773

Noise and Impedance
Generator for Cryogenic
Testing of HEMTs

Spurious effects from room-temperature
test circuits would be reduced.

NASA's Jet Propulsion Laboratory,
Pasadena, California

A monolithic, integrated, coolable probe is being devel-
oped for use in measuring the cryogenic noise parameters of
high-electron-mobility transistors (HEMTs) at the wafer-pro-
cessing stage of production. The integrated circuitry in the
probe would include a noise source and impedance generator
integrated with a coplanar-waveguide probe circuit.

This development is prompted by a fundamental physical
limitation on the accuracy and repeatability of low-temperature
HEMT noise-parameter measurements performed with com-
mercial noise sources and impedance generators, which oper-
ate at room temperature: In preparation for such a measure-
ment, one attaches a room-temperature noise source and
impedance generator to the room-temperature ports of cryo-
genic, coplanar on-wafer probes. The probes are lossy and
introduce noise temperatures comparable to or greater than
the noise temperature of the device under test (DUT). For
example, in a typical test in the frequency range of 2 to 18 GHz,
the noise-temperature measurement error can go beyond +25
K, while the noise temperature of the DUT is <10 K.

To obtain the most accurate and repeatable measurements
of noise parameters at low temperatures, one should place the
impedance generator within a waveguide wavelength (at the
test-signal frequency) of the DUT and should use a noise
source with a noise temperature comparable to that of the
DUT. The developmental probe would be designed to satisfy
these requirements. The probe would be compatible with
other cryogenic probes designed for measuring scattering (S)
parameters over a frequency range of 1 to 40 GHz. The inte-
gration and use of probes of both types would enable the effi-
cient, accurate, and nondestructive characterization of
HEMTs and of circuits that contain them. The use of these
probes in characterizing HEMTs under cryogenic conditions
at the wafer level would eliminate the need for the expense
and labor of dicing, mounting, and wire bonding needed to
characterize HEMTs by present techniques.

The figure illustrates some aspects of alternative proposed
designs. Calibrated noise diodes would be inserted in a copla-
nar-waveguide circuit that would be coupled to the impedance
generator. The topology of the impedance generator would
have to be chosen to enable integration into the coplanar-
waveguide format and to reduce resonant modes. One of two
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proposed alternative design concepts, following a narrow-
band approach, calls for all passive components to minimize
insertion loss and added noise. A hybrid coupler would be
used to provide isolation and to pad the noise signal, and a
series tapered coplanar transmission line would be used to
provide up to eight predetermined impedance states.

Impedance
Generator

LAYOUT FOR PASSIVE IMPEDANCE GENERATOR

PIN Diode

LAYOUT FOR ACTIVE IMPEDANCE GENERATOR

The Layout Is Affected by the design of the impedance generator. Active
and passive alternative design concepts are under consideration.

The other alternative design concept, following a broader-
band approach, would entail the development of a low-loss
active impedance generator. An optimal tuner topology could
be derived for a tunable impedance network consisting of var-
ious transmission lines connected through positive/intrin-
sic/negative (PIN) diodes to form open shunt stubs or
matched transmission lines.

The design would have to provide a proper interface
between the probe and the input terminals of the DUT. The
interface could be analyzed and designed by use of finite-ele-
ment techniques. Among other things, the interface would
have to be analyzed for propagation in higher resonant modes
to enable accurate noise characterization. Gum ferrite sheet
would be used as an electromagnetic absorber to suppress spu-
rious modes. Finally, the complete three-dimensional mathe-
matical model of the integrated active probe would be studied
to insure proper signal propagation and compatibility with
currently available network-analyzer facilities.

This work was done by Joy Laskar of Georgia Tech and J. Javier
Bautista of Caltech for NASA’s Jet Propulsion Laboratory. For fur-
ther information, write in 46 on the TSP Request Card.

NPO-19577
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Low-Cost Aluminum Nitride (AIN)
Microelectronic Packaging

New material replaces aluminum oxide in
high-performance microelectronic packaging.

Carborundum Corp., Phoenix, Arizona;
Defense Advanced Research Projects Agency (DARPA), Washington, DC;
U.S. Air Force Wright Laboratory, Wright Patterson AFB, Ohio

Carborundum Corp.'s Microelectron-
ics Division, along with several team
members, entered into a cooperative
agreement with DARPA and the Air
Force calling for the development of
low-cost aluminum nitride (AIN) pack-
aging for applications ranging from
automobiles, wireless phones, and infor-
mation systems to collision avoidance
and military systems. DARPA provides
funding on a 50-50 share basis. The
evolving AIN technology is a dual-use
product, giving substantial added value
in both military and low-cost high-vol-
ume applications.

Microelectronics packaging is one
of the fastest-growing segments of
the burgeoning electronic communi-
cations industry. Microelectronic chips
and components are becoming smaller,
denser, and more powerful. Thus heat
spreading and thermal dissipation are cru-
cial to the design and manufacture of reli-
able state-of-the-art electronic products.

Heat management issues are currently
addressed with plastics with attached
heat sinks, alumina ceramics (with and
without heat sinks), and beryllium oxide
(BeO). AIN, however, provides designers
with a high-performance, cost-effective
alternative to these choices.

Beyond AIN's high thermal conductiv-
ity and electrical insulation, it can be
produced as a multilayer structure,
allowing 3-D wiring. Carborundum and
IBM have jointly developed a lower-tem-
perature firing process for manufactur-
ing multilayer AIN on existing produc-
tion equipment (used for alumina mul-
tilayer products). This collaboration has
led to the codevelopment of several pro-
prietary processes that allow AIN multi-
layer products to be mass-produced on
existing manufacturing equipment.

Production of an AlN-based co-fired
multilayer package consists of several
distinct process steps, including ceram-
ic powder production; tape casting,
blanking, tape punching, metal print-
ing, and lamination to form a green
body; binder removal and sintering;
and plating and brazing.

Carborundum and its team are tak-
ing an innovative approach in the
development of low-cost AIN packaging
applications. This approach includes:

www.nasatech.com

¢ translation of the extensive knowledge
base generated for high-volume manu-
facturing of alumina to AIN where
appropriate;

* use of the core science base established
to understand and control the metal-
lization, sintering, and forming of AIN;

¢ development of low-cost raw materials,
specifically AIN powder; and

¢ development of an enabling plating
technology for AIN in multichip module
applications consistent with the unique
surface chemistry of this ceramic.

Schematic
Aluminum Nitride.

showing multilayer design of

AIN is finding increasing market
acceptance in applications where ther-
mal management issues dominate sub-
strate selection (i.e., telecommunications
and radar). These markets will grow sig-
nificantly as the cost of AIN substrates is
reduced, both through the economies of
scale and the specific cost reduction
activities targeted by the agreement.

An additional goal of the cooperative
agreement is to help establish a strong
domestic packaging base to reverse the
dominance of offshore suppliers.
Japanese ceramic packaging manufactur-
ers now supply more than 80 percent of
the existing $2-billion/year market,
including almost 90 percent of military
hermetic packaging.

This work was done as a collaborative effort
among team members from Carborundum
Corp., IBM, Dow Chemical, Hughes Aircraft,
Evans Company, and MIT (Cooperative
Agreement F33615-95-2-1622). These team
members retain intellectual property rights to
any technological developments under the pro-
gram. Inquiries concerning this work or the
availability of the AIN material should be
directed to Dr. Roger S. Storm, Carborundum
Microelectronics, 10409 S. 50th Place,
Phoenix, AZ 85044; (602) 496-5125.
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NEW PRODUCTS

Product of the Month

Visual PCB Assembly Inspection System

GenRad Inc., Concord, MA, offers the Viper Visual Inspection System,
designed to provide a cost-effective solution for detecting and prevent-
ing defects in the component-placement process for printed circuit
board (PCB) assembly. Targeted at PCB manufacturers who are placing
tens of thousands of components per hour, the system employs line
scanning and a shape-based approach. It provides a full suite of tech-
niques for detection of device presence or absence on components as
small as 0.04 by 0.02 in., device orientation, and x/y and rotational
position of every board component. Boards as large as 14 x 18 in. can
be inspected for all component placement defects.

For More Information Write in No. 800

Compact Four-
Capacitor Array
A recent introduction
by AVX Corp., Myrtle
Beach, SC, is the 0612
four-capacitor array.
Designated the W3A
series, the array joins
the AVX family of inte-
grated passive components for EMI filtering on 1/0
lines and decoupling applications. The company says
the array enables designers to reduce board space
and placement costs. The series is available in a NPO
dielectric with ratings between 16-100 V; a X7R
dielectric with the same ratings; and a Y5V dielectric
with ratings between 16-50 V. Typical pricing ranges
from $0.06-80.13 in quantities of 100,000.

For More Information Write In No. 802

Data Acquisition
System

Sony Precision Technol-
ogy America, Orange, CA,
is making available PCscan
MK II, a data acquisition
system designed to complement the features of
Sony's PC200 series digital audio tape portable data
recorders. Written in Windows 95 32-bit code, the
system controls an A/D converter, up to 4 Gbytes of
analog storage, high-speed search, realtime moni-
toring, and tape data format conversion. Data man-
agement capabilities include measurement of areas
such as maximum, minimum, average, RMS, time,
numeric data value, and sound monitor. Output for-
mats such as binary, ASCII, DADiISP, MATLAB, Snap
Master, Star, Wave, and others can be chosen.

For More Information Write in No. 805

\*

Solid-State Cooling
for Electronic
Enclosures
Melcor, Trenton, NJ, says
its TechniCOOL™ line
of solidstate thermo-
electric air conditioners
was designed to provide
reliable, environmental-
ly friendly cooling solutions for electronic enclosures
and communications equipment. Providing up to
1500 BTU /hour cooling each, they can be arrayed in
series or parallel configurations for greater cooling.
Because they contain no working fluids, they can be
mounted in any orientation. They feature DC opera-
tion, with no acoustical or electrical noise.

For More Information Write in No. 808

May 1997

Fiber Optic
Data
Converters
Entrelec Inc., Bros-
sard, Quebec, Can-
ada, says its ILPH
FO fiber optic data
converters
crease the distance, speed, and quality of serial data
transmission. The 22.5-mm-wide modules interface
to RS-232 or RS-422-485 signals, converting them to
a digitally modulated light beam for transmission up
to 4000 m at rates to 2.5 Mb/s. Signals are immune
to electrical noise, ground loops, surges, and light-
ning transients. External power supply voltage range
is 20.428.8 V DC, 150 mA max. Inputs and outputs
are overvoltage protected.

For More Information Write In No. 803

Hybrid Pulse-Width
Modulation
Amplifier

The newest addition to

in-

the line of hybrid pulse-
width modulation (PWM)
amplifiers from Apex Microtechnology, Tucson, AZ,
is the SAO2, The company says the device has an
industry-first 250-kHz switching frequency, unique
protection circuits, and the space savings that only a
hybrid provides. Power bandwidth is out to 25 kHz.
The unit has full bridge output operation and deliv-
ers 10 A continuous output with up to 800 W contin-
uous output power. Price is $295 in hundreds.
Applications include microstepping and brushless
motors, magnetic bearings, vibration cancellation,
and shaker tables.
For More Information Write In No. 806

Programmer for
Analog ICs
Advanced Linear Devices
Inc., Sunnyvale, CA, offers
the E100 EPAD Program-
mer, designed to adjust the bias voltage of the com-
pany's analog integrated circuits called EPAD
(Electrically Programmed Analog Devices).
Programming is done using the E100 Programmer, a
standard IBM-compatible PC with 386 or higher,
DOS 3.0 or higher, Windows 3X or 95, an adapter
module, and a conventional 15V power supply. The
E100 can program EPADs before insertion into a cir-
cuit or after mounting on a board, thus allowing for
trimming of the entire analog circuit. Price of the
E100 is $499 and of the adapter modules with con-
trol software $149 and up.

For More Information Write in No. 809

www.nasatech.com

PCl Test
Connector with
Long Life
Meritec, Painesville,
OH, offers a 32-bit
PCI test connector
specifically designed for PClcard test applications
where long life is critical. The universal connector is
suitable for high-volume production requiring thou-
sands of test cycles in continuous operation, the
company says. The assembly plugs into the PCI con-
nectors in the test bed and is actuated by the hori-
zontal insertion of the card under test. The unit
meets all PCI local bus standards (revision 2.0) for a
3.3V or 5V 32bit configuration. The company
plans to make the test connector available in a 64-bit
version.

For More Information Write In No. 801

Data Analysis Program
for Windows NT/95
DSP Development Corp.,
Cambridge, MA, introduces a
"native” version of DADISP
4.0, a data analysis and signal processing worksheet,
for Windows NT and Windows 95. The company says
this version runs about 30 percent faster under
Windows NT than DADISP 4.0 for Windows 3.1.
Added features are GUI windows, scrollbars in
zoomed windows, a combo box line editor, message
logging, automatic import header file generation,
and enhancements to SPL, DADiSP's C-like language.
This version supports 32-bit dynamic linked libraries,
allowing users to create their own functions in C and
add them to DADISP to use as if they were DADiSP
built-in functions.

For More Information Write In No. 804

Keyboards and
Switches for
Portables
Advanced Input De-
vices, Coeur d'Alene,
ID, offers a broad line
of keyboard switch
technologies for laptop, notebook, and other
portable computing products. The line includes flat-
panel dome and membrane, mid-travel plastic key
and elastomer, and full-travel switches, and multi-
function input subsystems incorporating keypads,
cursor control devices, displays, and audio feedback.
The company provides specification, CAD engineer-
ing, program management, PCBs, graphics, back-
lighting, screening, surface-mount technology, and
the ability to produce complex control panels.

For More Information Write in No. 807

Software Link for
PCB Designers
ACCEL Technologies Inc.,
San Diego, CA, announces
the availability of ACCEL
Relay, the latest addition
to the company'’s EDA family of printed-circuit board
layout and design software. The program serves as a
bridge: the engineer uses its preplacement and pre-
routing capabilities for critical PCB areas, and then
forwards his input to the board designer working on
the PCB layout. The in-progress design is passed
back to the engineer, who can view, annotate, and
redline the design. Besides working with ACCEL
Schematic, Relay 12.1 can be used with Viewlogic
Workview, OrCAD Capture, and other schematic
entry tools.

For More Information Write In No. 810

21a



-

oTHE FIRST CHOICE

& D :

When it comes to power, serious designers

think of TAMURA. Our extensive family of Fax your

products includes linears, switchers, converters, power
wall plug-ins and power transformers. needs

For world-class manufacturing, reliability and today to
responsibility, go to the source: TAMURA. (909) 676-9482.

Tamura quality circles the electron world.

TAMURA CORPORATION OF AMERICA

POSTAL BOX 892230 g TEMECULA, CA 92589-2230 g 909/699-1270 Q FAX:909/676-9482
See us at MD&M East ‘97, booth #1848 For More Information Write In No. 461



Manufacturing/Fabrication

1 Sputter Texturing To Prepare Surfaces for Bonding
Patterns are defined by small ceramic particles temporarily attached to surfaces to be textured.

Lewis Research Center, Cleveland, Ohio

A process for texturing the surfaces of
complexly shaped metal parts includes a
sputter-etching step in which the areas
not to be etched are masked by small
ceramic particles temporarily attached
to the surfaces. By choice of the sputter-
ing parameters and the size and distri-
bution of masking particles, the width
and depth of the textured features can
be controlled over a wide range.
Texturing improves bonding to other
parts. The process has been used to tex-
ture metal fixtures to be anchored to
composite-material (matrix/fiber) struc-
tural components. It could also be used
to texture such prosthetic items as hip
implants; textures could be sized and
shaped to favor the ingrowth of adjacent
bone to anchor the implants. [A related
process for texturing molds for implants

was described in “Improved Texturing of

Surgical Implants for Soft Tissues”
(LEW-15805), NASA Tech Briefs, Vol. 21,
No. 1 (January 1997), page 70.]

Unlike some other texturing process-
es, this process does not create loosely
adherent particles which could lead to
the formation of wear-causing debris.
The widths and depths of etch pits can

be controlled so that ingrown tissue is

assured of nourishment or so that an

adhesive material can grip strongly. The
part is not overheated during the
process, and its mechanical properties
are therefore not degraded. The
process can be used on recessed sur-
faces as well as on exposed ones.

The process consists of the following
steps (see figure):

1. By spraying or dipping, a film of con-
tact adhesive is applied to the surface
of the part to be textured.

2. Ceramic microspheres are pressed
into the adhesive.

3. The part is heated in an oven to drive
off volatile constituent compounds
and char the adhesive.

4. The part is placed in the discharge
chamber of an ion source or triode
sputtering apparatus that operates
with argon gas. The part is biased
between -500 and -2,000 volts with
respect to the plasma in its vicinity,
causing argon ions to bombard the
part and thus to sputter-etch the char
and the underlying metal in the areas
not covered by the ceramic micro-
spheres. The depth of the etch is con-

trolled by the voltage on the part, the

duration of sputtering, and the ion-

current density.

5. The part is placed in a radio-frequen-
cy plasma asher, where atomic oxygen
removes the remaining charred adhe-
sive.

6. The microspheres are brushed away.
Typically, in the case of a bone

implant, the part to be textured is made
of pure titanium or an alloy of 90 per-
cent titanium, 6 percent aluminum, and
4 percent vanadium. A part to be tex-
tured for use in another application
could be made of any of a variety of elec-
trically conductive materials such as
metals, carbon, and composites that
contain metals and/or carbon. Mixtures
of microspheres of different sizes can be
used to obtain complex textures.

This work was done by Bruce A. Banks of
Lewis Research Center. For further infor-
mation, write in 61 on the TSP Request Card.

Inquiries concerning rights for the commer-
cial use of this invention should be addressed
to NASA Lewis Research Center, Commercial
Technology Office, Attn: Tech Brief Patent
Status, Mail Stop 7-3, 21000 Brookpark Rd.,
Cleveland, Oh 44135. Refer to LEW-15823.

PART WITH SMOOTH
SURFACE TO BE TEXTURED

PART COATED WITH
ADHESIVE

Ceramic
Microspheres

CERAMIC MICROSPHERES
PRESSED INTO ADHESIVE

ADHESIVE CHARRED
BY HEATING

REMOVAL OF CHAR IN
PLASMA ASHER

CERAMIC PARTICLES
BRUSHED OFF

TEXTURED PART IN USE
AS A BONE IMPLANT

Texture Is Produced by Sputter Etching, using temporarily bonded ceramic microspheres to mask areas not to be sputter-etched in an argon plasma. When
etching is complete, the charred adhesive is removed to release the particles. A textured, bondable surface remains.

NASA Tech Briefs, May 1997
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Fiducial Grids for
High-Resolution Beam
Lithography

The position of a beam can be

determined to within a
few nanometers.

Marshall Space Flight Center, Alabama

Fiducial rectangular grids are essential components in a
method for making high-resolution masks with patterns
accurate enough for use in x-ray lithography. High accuracy
is necessary for achieving correct registration of multiple
overlaid layers in integrated electronic circuits fabricated by
use of such masks.

A mask of this type is made by electron-, ion-, or photon-
beam lithography. Heretofore, it has been necessary to esti-
mate the position (x,y) of the beam in the two dimensions of
the mask plane by use of the position readouts from a trans-
lation stage and/or any other device(s) used to scan the
beam across the plane to form the pattern. Errors in the
position estimates can arise from multiple sources, includ-
ing thermal expansion, backlash and manufacturing toler-
ances in positioning mechanisms, misalignment between
the substrate and scanning plane, nonorthogonality
between the beam and substrate at some positions, and (in
the case of an ion or electron beam) deflection of the beam
by stray electric and magnetic fields. In the present method,
one measures the position of the beam with the help of a
fiducial grid; thus, it is no longer necessary to rely on possi-
bly inaccurate beam-position estimates.

A fiducial grid of the type used in this method comprises
metal-film islands separated by cross streets of comparable
width and is either (1) formed on a surface or interior layer
of, or else (2) mounted in a plane very close to, a multilayer
membrane or a thicker substrate that one seeks to pattern
into a mask by an electron-, photon-, or ion-beam litho-
graphic process. A fiducial grid can be fabricated by holo-
graphic lithography; this technique is chosen because it

Incident
Electron Beam

Membrane With Resist
. A Film and Fiducial Grid:

/ See Detail Below
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The Position of Impingement of the Electron Beam on the membrane can
be identified as being on either an island or a street of the fiducial grid, as
indicated by the level of emission of secondary electrons.
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can be manipulated to obtain a set of
cross gratings that are free of distortion
or in which the distortion is exactly
predictable. The gratings constitute a
set of (xy) position references across
the area to be patterned by the scan-
ning beam.

The method can be practiced in
many different versions, depending on
specific applications. The figure illus-
trates an application that involves elec-
tron-beam lithography on a substrate
with an electron-sensitive resist film on
its top surface and a fiducial grid on its
bottom surface. For measurement of
position, the beam is attenuated so that
it is not intense enough to produce
appreciable changes in the electron-
sensitive resist film yet is intense
enough to cause emission of a measur-
able current of secondary electrons.
This current can be measured by use of
channel electron multipliers or other
devices like those used to measure sec-
ondary electrons in scanning electron
microscopes.

The secondary-electron yields of the
islands and streets differ in a known
way. Thus, at any instant as the beam is
scanned across the grid, the level of the
secondary-electron signal indicates
whether the beam is impinging on an
island or a street. If a raster scan is per-
formed, then the secondary-electron
readout can be processed, along with
the scanning parameters and the scan-
ning-apparatus readouts, by use of
algorithms based on established tech-
niques for analysis of moiré and inter-
ference fringes. These techniques
make it possible to determine (x,y)
position to within a fraction of the spa-
tial period of the fiducial grid. In a typ-
ical case, the spatial period would be
200 nm, and one could determine the
position of the beam to within 20 nm
or less.

This work was done by Henry 1. Smith,
Erik H. Anderson, and Mark .. Schatten-
burgh of Massachusetts Institute of
Technology for Marshall Space Flight
Center. For further information, write in
56 on the TSP Request Card.

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

Massachusetts Institute of

Technology

77 Massachusetts Avenue

Cambridge, MA 02139

Refer to MFS-26300, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.

NASA Tech Briefs, May 1997

Silots with Weather Proof, Ruggedized,
varsneey Portable Industrial PCs

IN Lite Industrial Notebook Both Portables Feature:
® 1 FulH.ength,Height AT Expansion Slt, 2 Type I ® Full Magnesium Die-Cost Casing.

(or 1 Type lll) PCMCIA Slofs. # Shock/Vibration and EMI/EMC Profection.
® |ntel 166MHz Pentium™ Processor with © 10.4" TFT VGA or 12.1" XVGA (1024 x 768)

MMX Technology. Up to 64MB DRAM. Color Displays.

o Dual Builtin Power Supplies, © 3 Year Warranty, CE Approval.

AC (40-440Hz) and DC (18-36V). Call 1-800-KONTRON
® Meets Mil-Spec. 800-566-8766 » 714-851-1872
IP Lite Industrial Portable hitp://www.kontron.com
® 5 AT/PCI Slots, 3 Full, 2 Holf-Length.
© |ntel 200MHz Pentiumm Processor with g

MMX Technology. Up to 128MB DRAM.

KONTRON ELEKTRONIK

For More Information Write In No. 424

Extreme Environments

High Performance Cable Harnesses

* Single and Multimode

* Single and Multichannel

* Fasy Maintenance and Cleaning

* High-Reliability Ruggedized Connectors
* Low Insertion Loss

. No Mandrel Wraps!
* High Return Loss Contact us for more details

RIFOCS Corporation Fiber Optic Instruments & Components

805/389-9800 Fax 805/389

See Us in... New Orleans at SUPERCOM97, June 1-5, Booth #665
Orlando at CABLE-TEC’97, June 4-6, Booth #627

For More Information Write In No. 425 83



Mathematics and

Information Sciences

¢3 Software for Managing Multidimensional Data Files

Users are relieved of much of the burden of translating between data formats.
Goddard Space Flight Center, Greenbelt, Maryland

The Common Data Format (CDF)
Library is a portable software package
for managing collections of scientific
data that were originally recorded on
magnetic tapes and other media in a
variety of hardware- and software-based
formats. Developed at the National
Space Science Data Center at NASA's
Goddard Space Flight Center for use in
storing and distributing data, this soft-
ware has also been distributed interna-
tionally and adopted by thousands of
users that include government agen-
cies, universities, commercial organiza-
tions, and independent researchers.

The CDF Library can save much time
in the storage and retrieval of scientific
data, minimizing the need for users to
translate between different data and
encoding formats. The hallmark of the
CDF library is independence of data-
management functions from specific
sets of data. This independence is

achieved by means of an internal format
that is transparent to the programmer
and is accessible through an easy-to-use
standard set of interface routines in
FORTRAN- and C-language versions. In
a given application, the internal format
includes a data dictionary (metadata)
supplied by the user, plus the data them-
selves. Thus, in effect, the CDF describes
itself; this self-describing property is
what makes the CDF useful for manag-
ing data that originate in various for-
mats from various scientific disciplines.

By itself, the concept of using an
internal data dictionary to describe the
contents of a data file and thereby
achieve a data-independent, trans-
portable standard format is not new.
The unique contribution made by the
CDF Library to go beyond modern busi-
ness-oriented commercial relational
data-management software to support
multidimensional, hierarchical data

structures, enabling programmers to
manage multidimensional data in ways
consistent with the geometries of their
own scientific organizations. The CDF
Library also serves as a software frame-
work that facilitates the creation of
generic application programs for typi-
cal data-management and data-abstrac-
tion functions like visualization, statisti-
cal analysis, and browsing. The CDF
Library enables programmers to easily
create application programs that enable
users to slice data across multidimen-
sional subspaces, gain access to entire
structures of data, perform subsam-
pling of data, and gain access to one ele-
ment regardless of its relationship to
any other element (see figure).

Both the metadata and the data are
accessible via the interface routines,
which afford the programmer an abstract
view of the contents of the CDF. The pro-
grammer need not know the details of

APPLICATION
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Scientific Data Recorded in Various Formats can be managed efficiently, with the help of the CDF library, for use in application programs.
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(and is isolated from) the CDF physical
storage and the underlying software struc-
ture. The programmer does not have to
perform low-level input/output functions
to physically pack or unpack data or meta-
data into or out of files; the CDF software
does this for the programmer. The physi-
cal files (CDF files) generated by the CDF
Library can be retrieved directly or
sequentially and can be stored on disks
for access via a FORTRAN or C interface.
The isolation of the programmer and
user from the physical storage and the
underlying software structure also make it
possible to enhance the implementation
of the CDF as new hardware and software
become available.

This work was done by Gregory Gauchers,
Jason Mathews, Jeff Love, and Howard
Leckners of Goddard Space Flight Center.
For further information, write in 70 on the
TSP Request Card. GSC-13633

3 Algorithm for
Improving a
Mathematical
Model

Linear least-squares
solutions with optimal
step sizes are iterated.

Marshall Space Flight Center,
Alabama

The Analytical Model Improvement
(AMI) computer program implements
an iterative algorithm for improving a
mathematical model of a physical sys-
tem. The algorithm adjusts the parame-
ters in the model to obtain a closer
match between data on the behavior of
the system as calculated by the model
and the corresponding data obtained by
experiment. The original application
for which AMI was developed involves a
vibrating structure represented by a
finite-element model, the data of inter-
est being the shapes (eigenvectors) and
natural frequencies (eigenvalues) of the
vibrational modes and the parameters
of interest being the design parameters
of the structure.

AMI was developed with recognition
that in a general case, both the experi-
mental data and the mathematical
model can contain errors. AMI seeks a
least-squares best fit between the model
and experimental data. The process
begins with calculation of an error vec-
tor, A, the elements of which consist of
differences between the experimental

NASA Tech Briefs, May 1997
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and model data. Typically, these data are the eigenvalues and
the components of the eigenvectors. At first, it is assumed that
the following linear approximation applies:
A=]J6,

where § is a vector of design-parameter changes needed to
bring the experimental and model data into agreement and ]
is the Jacobian matrix that contains partial derivatives of the
model eigenquantities with respect to the design parameters.
Singular-value decomposition is used to find a search direction
in parameter space, which is identical to the linear least-
squares solution &.

Because significant nonlinearities are often present, the lin-
ear least-squares solution can diverge from the true solution,
making it necessary to solve the model-improvement problem
iteratively, as a sequence of linear least-squares problems. On
each iteration, one must find a fraction, @, of the linear least-
squares solution that yields an optimal match between the
experimental and model data; in other words, on each itera-
tion, the problem becomes one of finding a (0<e<1) such that
0= ad yields a minimum value of an error measure (called
the “residual”) given by r = |Al,.

AMI implements two alternative methods for approximating
the eigenquantities and finding a value of & that minimizes r.
One method involves the use of a variation of the method of
moving asymptotes; the other method involves the use of a
generalized quadratic equation. In both methods, second-
order approximations of the eigenquantities are obtained by
use of first and second partial derivatives of the eigenquantities
with respect to the design parameters. The first derivatives are
determined by a finite-difference technique. After the first
update cycle, the first derivatives can then be compared to the
first derivatives from the previous cycle to estimate the prima-
ry second derivatives, also via a finite-difference technique.
However, when a second derivative < 0, a small positive num-
ber is substituted; this provides a so-called convex approxima-
tion, which yields a unique solution.

The second-order approximations of the eigenquantities
provide an estimate of r that depends only on ¢; that is,

ra) =1A(a)ls
A one-dimensional line-search optimization routine in the
International Math and Statistics Library (IMSL) computer
program is used to find the value of o that minimizes ().
Then a is used to update the design variables via = ad. This
completes the computational cycle. Then using the updated
design variables, a new cycle can be started. The iteration is
stopped when sequential vectors of design variables converge.

This work was done by Matthew F. Or; Jr., of Marshall Space
Flight Center. For further information, write in 21 on the TSP
Request Card. MFS-31179

& Collar Grids for Computing

Flows at Intersections

Collar grids resolve the interaction regions
and provide communication between
component grids.

Ames Research Center, Moffett Field, California

Collar grids are placed at intersections of surfaces in an
improved version of the chimera overlapping-grid scheme
that is used in computing flow fields about aircraft and other
complicated bodies. In the chimera scheme, multiple over-
lapping component grids that conform to the surfaces of

NASA Tech Briefs, May 1997



wings, fuselages, and other components
are used to solve the Navier-Stokes or
Euler equations of flow by numerical
integration. Information on the flow

Section of Component
Grid That Conforms to
Curved Surface

Section of Component
Grid That Conforms
to Cylinder

GRIDS BEFORE REMOVAL OF
POINTS IN INTERSECTION REGION

Holes in
Component Grids

GRIDS WITH HOLES CUT IN
INTERSECTION REGION

Figure 1. Holes Are Cut in the component grids
at the intersection of a cylinder and a curved
surface.

SLICES OF THE COMPLETED
COLLAR GRID

Figure 2. The Collar Grid is placed in the holes,
filling the intersection region.

NASA Tech Briefs, May 1997

fields at the boundaries between grids
is communicated between component
grids by interpolation. However, for
computations of viscous flows in the
vicinities of intersections between sur-
faces (e.g., wing/fuselage intersec-
tions), the generation of suitable grids
and the mathematical analogs of sten-
cils to be used in interpolations in the
intersection regions is not straightfor-
ward. Problems arise in connection
with such matters as the resolution of
the intersection regions and the appro-
priate definitions of the surfaces. The
collar grids were devised as solutions of
these problems.

In a representative application of the
chimera scheme to an intersection
between a cylinder and a curved sur-
face, holes are cut in the two compo-
nent grids in the intersection region
(see Figure 1). In computation, holes
are implemented by deleting the points
in the holes from the domain; that is, by
setting the contributions of those
points to changes in the flow field equal
to zero. Those points of each compo-
nent grid that lie on the boundary of its
hole are the points that receive flow-
field data interpolated from the other
component grid.

In the improved version of the
chimera scheme, the overall hole
formed by superposition of the two
holes is filled with the collar grid (see
Figure 2). The collar grid provides the
communication between the compo-
nent grids and spatially resolves the
computed flow field in the intersection
region. To avoid problems that might
otherwise arise in geometric conflicts
between the fine grid needed to
resolve viscous flow in the intersection
region and a typical component sur-
face grid, the edges of the collar sur-
face grid are generated by trilinear
interpolation of the component sur-
face grids. Component-grid points on
the boundaries of the holes are moved
to the surfaces defined by the collar
grids. Once the collar and component
grids are thus configured, interpola-
tion stencils generated by the grid-join-
ing software correctly reflect the rela-
tive locations of the component and
collar grids. No other modifications of
the chimera scheme and no modifica-
tions of the flow-computing algorithm
are needed.

This work was done by Pieter Buning of
Ames Research Center, Steven ] Parks
of Lockheed Engineering & Sciences Co.,
William Chan of MCAT Institute, and
Joseph Steger of the University of California,
Davis. For further information, write in 67
on the TSP Request Card.

ARC-13183

www.nasatech.com

When they tell
you to cut costs
and defeds,
tell'em about
MIM and FloMet.

Metal Injection Molding (MIM) is the way to go
for small, complex, high-volume, net shape
parts. And we're the guys to go fo. With MIM,
you get tremendous design flexibility. Quick
development. Cost-effective manufacturing.
Virtually no machining. Little or no waste. Zero
defects. And lower costs. Other advantages
include:

Density: 98% of wrought material
Elongation: 20-33% for nickel steels, 45%
for low carbon 316 stainless steel

Tensile Strength: 50,000-230,000 psi

for nickel steels, 84,000 psi for low carbon 316
stainless steel

Hardness: Cose hardening up to HRC 65
Complexity: Comparable fo plostics
Surface Finish: 51 rms or betfer

This endoscopic suturing

device would have required
multiple operations using a CNC
mill and wire EDM. With MIM,
we cut costs more than 50%.

We use a controlled
expansion alloy fo
produce this fiber optic

switch base, which must

retain its size and shape despite
changes in temperature.

Comparison of Metal Fabrication Methods

Specifications or E’ = g =
(haracteristics E = g &
Density 100% | 98% | 100%
Elongation High | High | High
Tensile Strength High | High | High
Hardness High | High | High
Complexity High | High | Med.
Surface Finish High | High | Med.
Cost High | Med. | Med
Production Volume low | High | Med

FloMet, Inc. » 810 Flightline Boulevard
Deland, Florida 32724
Phone: 904-736-4890 « FAX: 904-736-6063
ww flomet industry.net
FloMet, Inc. i on ofliote of Metol Powder Products Company

For More Information Write In No. 429




3 Software for Transforming Data Formats

This program features a menu- and table-driven user interface.
Goddard Space Flight Center, Greenbelt, Maryland

The Flight Dynamics Orbital and
Mission Aids Transformation System
(FORMATS) computer program collects
data in the formats in which they are gen-
erated and distributes them in the same
formats or any of a wide variety of differ-
ent formats, as specified by users. FOR-
MATS was developed for use in reformat-
ting and distributing data generated dur-
ing scientific spacecraft missions, but its

adaptability to multiple formats may also
be useful in terrestrial applications; for
example, transforming data generated by
laboratory instruments.

Because FORMATS incorporates selec-
table software components needed to
transform data among many different
formats, expensive reprogramming is not
necessary to satisfy requirements for each
new data-distribution task. A menu- and

How can the best
get better?

...Announcing

LABTECH

Version 10

For fifteen years, the world’s most popular pc

software for data acquisition and control.

Now with remote data monitoring via the Internet
or any TCP/IP network...which means that for a
fraction of the cost of a dedicated network or
leased line, you can transport real-time data from
remote sites a thousand times faster than before.

Supports the most I/O devices (1000) from the

most manufacturers (55), and allows mixing of
input and output devices from different

The industry’s most flexible software — allows

different data rates for each channel, variable

With an intuitive, graphical interface, the easiest

data acquisition software to learn & use.

LABTECH
LABTECH

manufacturers.
LABTECH

over time.
LABTECH
LABTECH

The original, and still the best.

Download a FREE demo now from
www.LABTECH.com

LABTECH < 400 Research Drive, Wilmington, MA 01887
Tel: 508-657-5400 * Fax: 508-658-9972 e info@labtech.com
For More Information Write In No. 443

table-driven user interface in FORMATS

makes it possible to select the needed

data-format-transformation software com-
ponents quickly and thus at low cost.

There is minimal need for intervention

by the user during execution of the pro-

gram. The program also includes fault-
tolerant features; for example, it repeats
attempts to transmit data until it succeeds.

FORMATS includes the following
software subsystems:

* A small executive subsystem to start or
stop the execution of other subsystems;

¢ A poller that finds data products in
local or remote sites;

¢ A transformation subsystem that rec-
ognizes data products and performs
operations (for example, validation
or reformatting) on the data as
directed by tables and templates;

* A transmission subsystem that is
responsible for distributing data prod-
ucts to their respective destinations;

¢ An optional userinterface subsystem for
displaying messages associated with the
validity of processed data products; and

* A tables subsystem that enables the
use of text files to specify the steps to
be executed for each data product.
The heart of FORMATS is a generic

data-transformation engine that can nav-

igate any data file, regardless of its com-
plexity, under the control of textual
description of the file format, written in
the Format Template Language (FTL).

The sizes of individual data elements in

files to be processed can range from one

bit to two billion bytes. Formats that can
be accommodated include those of

American Standard Code for Information

Interchange (ASCII), Extended Binary-

Coded Decimal Interchange Code

(EBCDIC), and special floating-point

data types. Moreover, any time format

can be accommodated, and data can be
nested or structured in any defined way.

FORMATS can reside anywhere on a
computer network that operates under the

Transmission Control Protocol/Internet

Protocol (TCP/IP). FORMATS has been

executed on IBM RS6000 and HP 9000

computers under UNIX and is portable to

any computer that uses the Microsoft

Windows NT operating system. Approxi-

mately IMB of random-access memory

and 2MB of disk memory are required.
This work was done by Alan T. Johns, Douglas

B. Reingold, and George E. Coon of CSC Commu-

nications Industry Services for Goddard Space

Flight Center. For further information, write

in 66 on the TSP Request Card. GSC-13827
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:-j Life Sciences

d Instrument Measures Populations of Microbes in Water

Microbes are identified via fluorescence spectra.
John E. Kennedy Space Center, Florida

An instrument called an “on-line
microbiological analyzer” measures
the population densities of several
species of microbes in flowing water.
The instrument was conceived for use
in monitoring harmful microbes in
hydroponic nutrient solutions; modi-
fied versions could be used for similar
monitoring of drinking water and
treated waste-water. The instrument
is based on the observation that
microbes contain a variety of complex
molecules that fluoresce when
exposed to light of certain wave-
lengths; tryptophan, for example,
emits light at a wavelength of 348 nm
when it is stimulated by light at
287 nm. A microbe fluoresces in a
spectrum that depends on the mix of

fluorescent molecules that it contains;
this mix is characteristic of its genus
and species.

Therefore, the instrument illumi-
nates flowing water with ultraviolet
light to excite fluorescence in
microbes and measures the fluores-
cence spectrum, which can comprise
the characteristic fluorescence spec-
trum or spectra of one or more species
of microbes. Then, by use of pattern-
recognition algorithms, a host com-
puter that controls the instrument
analyzes the measured spectrum to
identify and quantify the single char-
acteristic spectrum or multiple compo-
nent characteristic spectra, thereby
estimating the population density or
densities of the species present.

The instrument is illustrated sche-
matically in the figure. A xenon flash
lamp generates pulses of broad-spec-
trum light that pass through a mono-
chromator and into a cell, through
which flows the water to be monitored.
The monochromator includes a plane
grating and a moving mirror that
operate under stepping control to
obtain a sequence of beams of light in
different narrow-wavelength bands at
the excitation wavelengths of interest.
The beam selected at any given instant
enters the flowing water through a slit
in the cell. Fluorescence emitted by
the microbes in a direction perpendic-
ular to the incident beam of light is
band-pass filtered at a fluorescence
wavelength of interest and measured

ON THE WEB

http://www.dadisp.com

ATTENTION:  The DADISP Worksheet (pronounced “day-
i disp”) is a $1,895.00 software package that’s
Engineers super-powerful and very easy-to-use. Every day
& engineers, scientists and mathematicians at

places like NASA, GM, Ford, GE, Los Alamos

Scientists |, i CIA FBI and NSA use DADiSP!
o A full working DADISP is now available on a
DADISP 4.0 30 day trial basis for a limited time. DADISP

includes over 500 powerful darta analysis and
math functions — signal and image processing,
finding and fearure detection, statistics, fourier
analysis, calculus, and trigonometry functions,
and astounding quality graphics output.

We encourage you to download a free trial
copy of DADISP from our World Wide Web
site today: http://www.dadisp.com

Use DADISP to import and analyze your data
for free.

We hope you enjoy DSP’s powerful software —
feel free to tell us what you think of DADISP!

for free!

Development
Corporation

One Kendall Square
Cambridge, MA 02139
617-577-1133, FAX: 617-577-8211

800-777-5151
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With Over
8,000 Products
We Have Your
Solution!

M Optical Components
W OEM Optics

W Test Equipment

M Video Systems

M Machine Vision

M (ritical Measuring

M Positioning Equipment
M Losers & Laser Optics

All items are in-stock
and ready to ship.
For over 50 years
Edmund’'s has been
providing technical

A Reques' Yo“f C°PY TOdGY soloutions. Let us
609-573-6250  help you.

€& Edmund Scientific

INDUSTRIAL OPTICS DIVISION

Dept. B971, N954 Edscorp Bldg., Barrington, NJ 08007-1380
Phone: 609-573-6250 Fax: 609-573-6233 E-Mail: B971N954@edsci.com

For More Information Write In No. 435
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Flow-Through
Sample Cell

Filter Wheel

Condensing
Lenses

Xenon
Flash Lamp

Gated Photomultiplier

Integrator
‘ Sensor

Four-input,
12-Bit Analog-
to-Digital Microprocessor f
Converter (Instrument Controller)

Monochromator
g Stepping
Controller Host
Computer

Light From the Monochromator Excites Fluorescence in microbes in water
flowing through the cell. The photomultiplier converts filtered fluorescent
emissions to signals for processing and analysis. The microprocessor coor-
dinates the operations of the monochromator, the filter wheel, and the cir-
cuitry that process the output of the photomultiplier.

by use of a photomultiplier. The cell contains a photodiode
that measures the intensity of the illumination so that the
fluorescence signals can be normalized.

Band-pass filters for the fluorescence wavelengths of inter-
est are mounted on a wheel, which is rotated to place the fil-
ter for the desired fluorescence wavelength in front of the
photomultiplier. The photomultiplier output is integrated
over a series of flashes, then passed to an analog-to-digital
converter. A microprocessor selects the monochromator and
filter-wheel settings for the excitation and fluorescence wave-
lengths required in a given measurement, coordinates the
operation of the flash lamp with acquisition of data, and
communicates with the host computer.

The digitized fluorescence-signal data for all the wave-
lengths of interest are sent to the host computer for process-
ing by the pattern-recognition algorithms. Of the algorithms
tested thus far, one performs a rotated-principal-components
regression analysis; it has been found to be suitable for deter-
mining total population densities and identifying genera,
but does not do as well at identifying species. Another algo-
rithm performs a genetic-neural-network analysis and has
been found to perform well at the species level.

This work was done by Kenneth J. Schlager of Biotronics
Technologies, Inc., for Kennedy Space Center. For further infor-
mation, write in 53 on the TSP Request Card.

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

Kenneth J. Schlager

Biotronics Technologies, Inc.

W226 N555B Eastmound Dr.

Waukesha, WI 53186

Refer to KSC-11755, volume and number of this NASA Tech
Briefs issue, and the page number.
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iit Books & Reports

is of the Defect
Structure of B2 FeAl Alloys

A report presents a study of the
defect structure of the B2 phase of FeAl
alloys. In the study, the BFS method was
used to analyze the defect structure of
FeAl from the perspective of energy
considerations at zero absolute temper-
ature. The BFS method is based on the
idea that the energy of formation of an
alloy can be calculated as a superposi-
tion of contributions from individual
nonequivalent atoms in the alloy. BFS
calculations were performed on a large
number of candidate ordered struc-
tures to determine the configurations
of lowest energy and to search for states
that could be metastable. Overall, the
results of the calculation were found to
provide a description of the defect
structure consistent with available
experimental data: For example, the
calculations were successful in deter-

mining the phase field of the B2 struc-
ture; the results were consistent with
experimental observations that the B2
phase is stable at aluminum contents
up to about 52 atomic percent. The
results were also in qualitative agree-
ment with experimental observations
that the lattice parameter increases
with aluminum content.

This work was done by John Ferrante and
Ronald D. Noebe of Lewis Research
Center, Guillermo Bozzolo of Analex
Corp., and Carlos Amador of Universidad
National Auténoma de México. To obtain a
copy of the report, “Analysis of the Defect
Structure of B2 FeAl Alloys, ” write in 76 on
the TSP Request Card.

Inquiries concerning rights for the com-
mercial use of this invention should be
addressed to NASA Lewis Research Center,
Commenrcial Technology Office, Attn: Tech
Brief Patent Status, Mail Stop 7-3, 21000
Brookpark Road, Cleveland, Ohio 44135.
Refer to LEW-16426.

& VPS Fabrication of Parts
To Withstand High
Temperatures

A short paper reviews the state of the
art of making refractory-metal and
ceramic/refractory-metal composite
objects by vacuum plasma spraying
(VPS) of the constituent materials onto
graphite mandrels. In large part, the
paper reiterates descriptions of select-
ed aspects of VPS fabrication technol-
ogy of high-temperature parts as re-
ported in prior articles in NASA Tech
Briefs.

This work was done by Philip D. Krotz of
Rockwell International Corp. and William
M. Davis of Boeing North American, Inc.,
for Marshall Space Flight Center. 7o
obtain a copy of the paper, “Vacuum Plasma
Spray Fabrication of Solar Thermal Rocket
Engines,” write in 55 on the TSP Request
Card.

MFS-30104

continued from page 23

——
Colder Products,
St. Paul, MN, of-
fers Sixtube mul-
tiple-line couplings
that connect up to
six fluid or pneu-
matic lines simul-
taneously. They
feature thumb-latch connection and snap-in panel
mount, as well as flow paths made of acetal or
polypropylene materials. They connect 1/16” or
1/8" ID tube sizes. Applications include fluid man-
agement and pneumatic control systems, factory
automation, machine tools, biomedical instrumenta-
tion, and testing equipment.

For More Information Write In No. 777

DuPont Specialty Chemicals,
Deepwater, NJ, offers Kry-
Tech paraffin wax all-pur-
pose lubricant that protects
against dirt, grime, and
water. The lubricant is for-
mulated with Krytox® fluo-
ropolymer and 10 other ingredients, including paraf-
fin waxes and synthetic oils. The lubricant is applied
wet to chains, cables, lock mechanisms, and hinges.
As it sets, it forms a hard, dry wax film that repels
dirt, grit, grime, and water. Although the wax film
sheds with normal wear, the Krytox remains and
bonds to metal friction surfaces. The lubricant pro-
vides high-temperature resistance, nonflammability,
and nonreactivity to chemicals in bearings, gaskets,
seals, and other parts.
For More Information Write In No. 779

Aromat Corporation, New Providence, NJ, has intro-
duced the FPO pocketsized programmable logic
controller (PLC) that is available in 10, 14, 16, and
32 1/0 base units, with relay or transistor outputs.
Relay units have removable terminal strips; transis-
tors have connectors. The PLC expands to 128 1/O
with maximum volume of 3-1/2 x 4-1/8 x 2-3/8".
Simultaneous dual-axis motion control with up to 10
KHz pulse output provides high-speed control of
stepper or servo motors. Features include fourfunc-
tion math, an optional second RS-232C port, four
high-speed inputs, run-time edit for “on-thely” pro-
gram changes, and Fpsoft” Windows programming
software.

For More Information Write in No. 780

MSC/InCheck CAD simulation software from
MacNeal-Schwendler Corp., Los Angeles, CA, pro-
vides mechanical simulation capabilities to users of
Autodesk Mechanical Desktop CAD/solid modeling
system in 2 Windows interface. A Simulation Wizard
guides users step-bystep through the simulation
process. The software uses the 3D solid model in
Mechanical Desktop as a basis for its simulation
model. Materials, environmental loads, and bound-
ary conditions and simulation results are processed
within Mechanical Desktop.

For More Information Write In No. 764
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The SG3 and SG4 right-angle gearheads from
Bodine Electric, Chicago, IL, mate to existing AC,
DC, and brushless motors and run for more than
20,000 hours continuously. Both models have a wide,
single, enveloping worm gear to permit an increase
in load capacity and longer life. The SG3 is available
with six ratios and an output torque capacity of 97 in-
Ibs. The SG4 comes with five ratios and an output
capacity of 168 in-lbs. The enclosed gearheads fea-
ture Viton, double lip, bidirectional helix seals on
the input and output shafts, as well as permanently
lubricated gear housing. Four mounting surfaces are
offered and a single-, double-, or hollow-drive shaft is
available.
For More Information Write In No. 766

www.nasatech.com

Eastern Air Devices, Dover, NH, offers linear actuator
motors that work with a variety of ball screw assem-
blies. Motors are available as complete assemblies or
the hub can be built to accommodate user-installed
ball screw housings. The motor design allows for a
shaft to travel completely through the center of the
motor. Available in three frame sizes, the motors
accommodate varying ball screw diameters. The size
23 (2.25" diameter) motor accommodates up to a
5/16" ball screw; the size 34 (3.38”) up to a 3/8"
screw; and the size 42, up to a 5/8” screw. They offer
voltage ratings from 1.4 to 24 VDC.

For More Information Write in No. 767
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ZERO DEEP DRAWN ALUMINUM
If You Needed An Enclosure Yesterday,
Call ZERO Today!

Ask
About
Our
Next
Day
Shipping!

Call 1-800-545-1034 for a detailed catalog!

ZERO Enclosures
A ZERO Corporation Company
500 West 200 North » North Salt Lake, UT 84054 » (801) 298-5900 = Fax (801) 292-9450

Intérnet address: http://www.zerocorp.com

Call Me, I'm Interested. Write in No. 432
Send Literature. Write in No. 433

The CN530 Series microprocessor-
based, programmable temperature
controller and timer from OMEGA
Engineering, Stamford, CT, is used
on batch-type equipment requiring
accurate time and temperature
cycles. Digital displays combine tem-
perature and timer functions into a
single 1/4 DIN-size enclosure. Units
with one, two, or three outputs and
with RTD or thermocouple input are
available.

For More information Write In No. 723

Servometer Corp., Cedar Grove, NJ,
offers flexible bellows for EMI/RFI
| shielding. Used in weight-critical
applications such as satellites and air-
craft, they are available in diameters

from 0.125” to 7" and can be electro- |

formed from nickel, copper, gold, or
silver.
For More Information Write In No. 726

The QTERM-K60 graphical operator
interface/data terminal from QSI
Corp., Salt Lake City, UT, features a
240 x 128 lighted graphics LCD and
wide-temperature operation. Other

Planar Systems, Beaverton, OR, has
announced the ColorBrite™ family
of full-color, active matrix liquid crys-
tal displays in standard sizes ranging
from a 5.5" (diagonal) 1/4 VGA
product to a 12.1" XGA. The displays
feature enhanced brightness and
viewing angle for better readability in
sunlight.

For More Information Write In No. 720

features include communications to
38,400 baud and 12 lighted soft keys.
It is available in panel or pedestal
mount versions and_includes Visual
Terminal Protocol™ (VTP) program-
ming software.

For More Information Write In No. 724

Vexta® bidirectional low-speed syn-
chronous AC motors from Oriental
Motor U.S.A. Corp., Torrance, CA,

ADHESIVE BONDS
POLYETHYLENE &
POLYPROPYLENE

MASTER BOND POLYMER SYSTEM X17

M No surface preparation needed ll Room
temperature or heat cure M One component
system M Easy to apply - brushable
W High bond strength - shear
and peel B Excellent
moisture resistance
B Convenient

packaging

For information,
call or write:
Master Bond Inc.
154 Hobart Street
Hackensack, NJ 07601

201-343-8983

Master Bond Inc.

Adhesives, Sealants & Coatings
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Ruska Instrument Corp., Houston,
TX, has introduced the Model 7310
high-pressure pneumatic controller
for automation of high-pressure
pneumatic calibration and testing of

instruments. It provides 0.01% accu-

racy and features menu-driven dis-

plays, builtin programming func-
tions, and remote interfaces for PC-
based automation. Full scale ranges
are available for 3000, 6000, and
10,000 psi.

For More Information Write In No. 725

operate at standard voltage levels
with input voltages of 24 vac, 100 vac,
115 vac, 200 vac, or 230 vac. The
dualfrequency motors deliver from
18 to 297 oz-in rate torque at a con-
stant speed of 72 rpm.

For More Information Write In No. 721

The SLA SmartStart™ rapid proto-

Global Servo Drives, Div. of Lenze,
Montvale, NJ, offers the 9300 Series
digital AC servo drive for positioning
and field bus interfaces. The selfcon-
tained single- or multi-axis drives use
a Windows-based user interface for
setup and programming. CAN field-
bus is standard, with Interbus-S,
Profibus, fiber optic, and RS232/482
available as options.

For More Information Write in No. 722

typing system from 3D Systems Corp.,
Valencia, CA, fabricates three-dimen-

sional physical objects using input
from CAD/CAM systems. Included
are the SLA-250/30A, Maestro/JR
software for Silicon Graphics and
Hewlett platforms,
Cibatool® SL 5170 epoxy resin. The
system features a 10" cube build enve-

Packard and

lope that accommodates a range of
part sizes.
For More Information Write In No. 727
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Magnet Sales & Manufacturing, Cul-
ver City, CA, offers a 64-page catalog
of high-performance permanent
magnets. Neodymium iron boron,
samarium cobalt, ceramic, alnico,
and flexible magnets are available in
a variety of standard and custom
assemblies and finishes.

For More Information Write In No. 702

Techni-Tool, Plymouth Meeting, PA,
has released a 264-page catalog of
tools, tool kits, and test equipment,
as well as production aids and com-

puter accessories. Included are elec-

tro-mechanical and assembly devices,
electronic and telecommunication
tools, production tools, custom and

field service tool kits, and static con-
trol items.
For More Information Write In No. 705

Sola Power Supplies

Delta Computer Systems, Vancouver,
WA, offers literature describing the
MC 186/40 motion control module
for hydraulic setworks systems. The
module moves equipment or materi-
als to virtually any linear position and
features positive control and protec-

EGC is the name to know
for reliable, cost-effective fluid
sealing products. Our line

includes Thermafoil®/Grafoil®

Dig into a box that’s

all free prizes and no cereal.

©1997 EGC Enterprises, Inc.

pre-formed rings, die-cut gaskets,
Thermabraid® braided packing,
Tri-Clad™ custom seals, and more.
And right now you can get a free
Engineering Design Kit full of

\ EGC product samples. You'll

also get a copy of our new
interactive catalog on CD.

To request your

Engineering Design

Kit, call EGC roday
> at 800.EGC.0211.

Or visit our web site at
www.egc-ent.com. We'll get
your kit to you right away. Best
of all, the neat stuff won't be
buried at the bottom of the box.

L B6C

7315 Industrial Parkway « Mentor, OH 44060
800.EGC.0211 » www.egc-ent.com.

ton through optically isolated inputs |
and outputs.

For More Information Write In No. 440
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MARCH scaL-Less
| MAGNETIC DRIVE PUMPS

‘ March seal-less magnetic drive pumps offer the ultimate
| | in reliable, trouble-free performance for chemical, OEM,
industrial, hydronic and solar applications.

Power supplies for process controls,

CNC machinery, and instrumenta-
tion are described in a 20-page
brochure from Sola/Hevi-Duty,
Goldsboro, NC. Included are switch-
ers, single- and multi-output linears,
linears for MRO applications, and
encapsulated linears.

For More Information Write in No. 703

A 32-page catalog from Zipper-
tubing, Los Angeles, CA, describes
zip-on jacketing and shielding sys-

Network Technologies, Aurora, OH,
offers a brochure describing dual-
platform switches that enable one
user to access two computers operat-
ing on PC, Sun, or Mac platforms.
The switches allow instant switched
access between PC file servers and
Sun Internet servers operating on
different platforms.

For More Information Write In No. 704

| The 48-page Catalog M-97 from
Velmex, East Bloomfield, NY, fea-
tures motor<driven positioning and
SC ing slide blies. Linear and

tems. Featured are wraparound re-

|
|
|
|
)

1

Send for new catalog showing
complete line.

enterable jacketing products, EMI

|

| rotary assemblies for single- or multi-
|

| axis systems are available in eight
|

———— MARCH MANUFACTURING INC.
ey 1219 Pickwick Avenue

shielding, custom designs, tapes, | crosssection sizes from 1.5" to 9” and N Glenview, lllinois 60025 U.S.A.

tools, and accessories. travel from 0.5” to 86.” gt iy 1847 729-5300 Fax: 1 847 729-7062
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Il /DE| New on Disk

Product of the Month
Y M e - - Baystate Technologies, Marlborough, MA,
—— ‘* " = 1 - — has announced CADKEY" 97 mechanical

CAD software for Windows 95, NT 3.51, and
4.0. The program combines wireframe mod-
eling with ACIS® solid modeling, allowing
import or export of 2D/3D data to other
CAD/CAE/
the ACIS solid model kernel; converting

AM applications supporting

wireframe to a solid model; construction of

solids such as blocks, cones, and cylinders; rotation of shaded models; Boolean
operations; application of constant and variable fillets; and extruding, sweep,
or revolving geometry into a solid. Other enhancements include an optional
DOS-type interface, improved rendering, and macro support. The cost is
$1,195.

For More Information Write In No. 713

PERIOR PERFORMA ) i PV-WAVE: Image Processing Toolkit

DREDS O AD AND 7 from Visual Numerics, Boulder, CO, is ‘
an image analysis and manipulation

software program that provides the

-
=

-
-
Hr
-

Al it s
11U ability to manipulate and analyze

S

-

-

-

-
o~

-

image data and distribute the results |
over the Internet or intranets. The
software is compatible with Windows
95/NT, Linux, and UNIX systems,

and features six predefined tools for

®
-

imaging, histograms, contouring, sur- | The AEC Guardian™ 3D model trans-
lation software from CAD/CAM
ton. Prices are $1,295 for Windows Support Alliance, West Hills, CA, ‘

facing, plotting, and color manipula-

and Linux, and $2,495 for UNIX. enables mainframe CADAM® cus- .
o O og . Ve . .
For More Information Write In No. 717 tomers to migrate AEC engineering

designs to PCs. The program pro-
EXP: The Scientific Word Processor, | vides a Windows NT native environ-
Version 5.0 scientific word processing

For More Information Write In No. 437

ment that uses OPENGL enablers for

software for Windows 95 and NT from 3D solids model viewing, translation,

CASTING TECHNOLOGY ‘ Brooks/Cole Publishing, Pacific drawing generation, and reporting. It
ALUMINUM/MAGNESIUM

Grove, CA, mixes mathematics and supports Microsoft OLE standards

scientific notation with text and and consists of four modules: AG

graphics, allowing the user to see all Host Manager, AG Designer, AG
text, mathematics, graphics, and for- Drafter, and AG Viewer. The Viewer

‘ matting displayed on the screen as | allows display of designs indepen-
they will print. It contains more than dent of AEC Guardian.

For More Information Write In No. 712

‘ 500 technical symbols, as well as mul-

tiple fonts, style sheets, and tables.
For More Information Write in No. 711 Structural Dynamics Research Corp.,
Milford, OH, has introduced the I-
DEAS Artisan Series™ solids-based
mechanical design software for
Windows NT that enables solid mod-

eling, assembly design, drafting/doc-
umentation, and mechanism analysis
for production environments. Users
can design production products
using 3D solid models and migrate

Prototyping Pre-production Production
Sand, Investocure®,Gravity, Die and Squeeze Processes

[
‘ CAD data to a concurrent engineer-
[ : g " 2

| Structural Integrity Associates, San ing environment.

‘ Jose, CA, has introduced a Windows For More Information Write In No. 714
|

LOW AND HIGH volume J.I.T. version of pc-CRACK™ fracture me- | N i
deliveries/S.P.C. controlled chanics software, which displays frac- | Analytical Graphics, King of Prussia,
HIGH INTEGRITY Automotive, Aerospace' ture mechanics results. The program | PA, offers Visualization Option for
Commercial and Government castings incorporates 25 fracture mechanics Satellite Tool Kit*® 3D analysis software
ADVANCE QUALITY SYSTEM cOmpHance models for a variety of crack/struc- for Pentium®<class PCs. The program
with 1ISO-9000 International Aerospace' and all | ture configurations. Fatigue and allows users to view realistic object ani-
leading commercial and gOVernment specs. stress corrosion crack growth capabil- mations and make decisions based on
« CAD/CAM DESIGN thru completed assemblies ity also is provided, as well as built-in | data displayed numerically and graph-
8 s material properties for selected mate- ically. Providing 3D satellite analysis,
* FULL IN-HOUSE Iaboratory & testmg facilities | rials. I'hlu-(" modules are available: the software ?nudul(' can be pm-
FOR QUOTES FAX BLUEPRINTS TO 2164756611 ‘ Linear-Elastic Fracture Mechanics; chased alone, or as part of a bundled
| Elastic-Plastic Fracture Mechanics; package with a graphics card on a

THOMPSON 4860 Chain‘;faﬂ Rd. | and ASME Codes and Standards. Pentium PC.
Il Rsdt Bl | | For More Information Write In No. 716 | For More Information Write In No. 710

T~ Y Ph : (216) 581-9200
CASTING CO, INC. P Gl e I
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Mar etp adC@ 1o Advertise — Call (212) 490-3999

R el
DATA \LQL ISITIO\

DAP 3200a™ with onboard intelligence

@ High-Speed I/O

® External Expansion

® DSP Commands
® Control Loops < 1 ms

¢ 19-inch Industrial
Racks

 Standard PC GUIs

® Real-Time
Processing

® Network Access

MICROSTAR
LABORATORIES

the onboard intelligence company

206-453-234 info@mestarlabs.com

206-453- 31‘)9 fax www.mstarlabs.com

For More Information Write In No. 580

ATTENTION!

MACHINE BUILDERS

Reliable Fluid Dispense Valves
seal-less - low maintenance - compact

Call fortechnical brochure, 1-888-333-0311
EF D) 1e::(401)434-1680 Fax:(401)431-0237

For More Information Write In No. 581

The Technology Connection
To Advertise Call (800) 944-NASA

COMPOSITES metal, ceramic
matrix, carbon-carbon;
REINFORCEMENTS ceramic

"How To Offer Your
Invention For Sale.”

fibers, coated fibers; COATINGS We have helped hundreds of
for parts, fibers, coating systems; P showed
SPECIALTY METAL ALLOY & | | MWealors ond showed them how to
intermesallic powders; offer their inventions for sale to
ELECTROCHEMICAL businesses all over the world.

SYSTEM batteries, fuel cells.

Contact: Robert Mallia,
MER CORPORATION,
(520) 574-1980

FAX (520) 574-1983

No cost. Free Information.

Call 1-800-537-1133.
Kessler Sales Corp., C-47-7,
Fremont, Ohio 43420,

T N . .
No Nonsense
Accuracy!

Ultra Stable Thin Film Pressure Transducers
* (0.1% Accuracy Rating
* Up to 10,000 PSI Pressure Ranges

* Lots of high
performance options

Call Before You're
Under Pressure!
800-321-6070

gms =

One Cowles Road
Plainville, CT
Feaear
The Fluid Souser Peopls™

06062-1198

ol 860.747.3000
fax  B60.747.4244

T15
For More Information Write In No. 582

SoftwareWedge”

Automatically inputs any serial data
directly into any PC application.

* Real-Time Serial Data into Any Application - Excel,
VB, Quattro, Lotus, Access, Stat. software, etc.

» Full data acquisition and instrument control.

* Risk free 90 day, money-back guarantee.

Now Windows, DOS, NT &  For Free Literature, Call
Windows 95 applications 800-722-6004

InstrumenTAL Software™

AL TECHNOLOGIES, INC
2(!‘71 Wallace St., Phlladelphm PA 19130
Tek 215/ 763-7900 Fax: 215/ 763-9711
E-mail: tall@taltech.com
Home page: http/www.taltech.com

For More Information Write In No. 584
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RUGGED, HIGH PERFORMANCE
SYSTEM WITH COLOR VGA
DISPLAY & ATTACHED KEYBOARD

ST-3500P STANDARD

FEATURES INCLUDE:

« 14 SL0T PASSIVE
BACK PLANE,
ISA/EISA/PC

« 300 WATT 110/220V
AC 50-400HZ
POWER SUPPLY

» 804860X2,/DX4 OR PENTIUM 75-200MHZ CPU CARD

| ®10.4" TFT COLOR DISPLAY, 640X480X64K COLORS
| @ SHOCK ISOLATED DRIVE CAGE TO MOUNT ONE 3.5

AND TWO 5.25" HALF HEIGHT DRIVES
© KEYBOARD AND TRACK BALL MOUSE
© SERIAL AND PARALLEL PORTS, MS DOS/WINDOWS

| OPTIONS: TOUCH SCREEN, CUSTOM CONFIGURATIONS

FOR FURTHER DETAILS CONTACT:
1BI SYSTEMS INC,, 6842 NW 20 AVE,,
FT. LAUDERDALE, FL 33309
305-978-9225 FAX: 305-978-9226

For More | lnformation Write In No. 583

FREE!
130
Page
Catalog

“Optics

or

Industry”
Free 130 page product catalog from Rolyn,
world's largest supplier of “Off-the-Shelf” optics.
24-hour delivery of simple or compound lenses,
filters, prisms, mirrors, beamsplitters, reticles,
objectives, eyepieces plus thousands of other
stock items. Rolyn also supplies custom prod-
ucts and coatings in prototype or production

quantities. ROLYN OPTICS Co., 706

Arrowgrand
Circle, Covina, CA 91722-2199, (818)915- 5707,
FAX (818)915-1379

For More Information Write In No. 585
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SURFACE
MOUNT
ADHESIVES

Designed To Your Specifications

MASTER BOND EP3HTSM EPOXY

B One part system

B Exceptionally fast cure speeds
at low temperatures

B Highly controllable thixotropy

B Long storage stability without
refrigeration

B Convenient packaging

B Superior bond
strength

B Void- free cures

Hackensack, NJ O7601
201-343-8983

Master Bond Inc.

Adhesives, Sealants & Coatings
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THE BEST CFD
SOLUTION
ON THE PLANET

FUNCTION/PERFORMANCE/COST

’

Trying to solve real-world fluid flow problems2 Finding commercial CFD software prices

astronomical, with capabilities that are dectdedly earthbound?  Search no more.
Function. Performance.
CFD2000 is a powerful engineering tool that can CFD2000 is fully compatible across

S
ur fluid flow md lems, whether you need workstation P "Tiuxr'u and runs under both UNIX

te the intricacies of blood flow in the and Windows

iR Lo
SOIve Y

to inves 95/NT. And, thanks to Adaptive

tiniest r’jcx'):”v;mus of the human l:-ocly or compute twenty years experience in software optimization

the sp vcr:d of an airborne pollutant over half a and algorithm development, CFD2000 delivers the

continent. CFD2000 can do it all. And with fastest number crunching capability around

CFD2000's intuitive 3D model-b le(lmx tools and

intelligent menu u are guided each st tep of the Cost.

way *Fr'jm Cjw‘g g}~“ﬂr,,!(lh0!‘\ (8] \.M_.Ud'\ZCth‘W cdown-to ';"(;!?:‘. Our prices
vou'll find in other CFD

[
- software packages, and our CFD turnkey systems

- r - |
h\-ﬁ—' - % O{"f_‘l' rho best cost performance \,Hu on on the
] :
ey market

/l/e~ You won't find a CFD cap 1lhllllv t

to ( pD/ 00 at such an %\:4

O
,
w3

a call. CFD2C You'll be ama

do for you

/5
s‘g@o’. 6 please try Tc:iL/*o the .ﬂr"m guys— r|‘.e?'w give us
C i it

Complete CFD rnkey system
available for und\er 23,( *,-;.

-

Windows NT/95 ¢ Pentium Pro System o < *-;._ NN

Y
R

CFD2000 is a registered trademark of Adaptive Research. Pentium is a registered trademark ofiritel Corporatiots. Wingdows 95 and Windows NT are registerad trademarks of Microsoft Co
Wrrite In No. 63§



Visualize your data with
IDLe,

Language, and see results in a

the Interactive Data

IDL software’s array-oriented
architecture is designed for

high-performance processing

whole new way. of large, complex data. That’s
why it’s the standard in the
Easily create amazing graph-  world’s preeminent medical,

IDL

accelerated 3D system.

software’s
Want

to spin or fly-throu

ics with military, engineering & sci-
ence organizations. IDL is so
efficient that a few lines of
surface? No problem. Shade  IDL can do the job of hun-
dreds of lines of C or Fortran.

And,

system ICIS you dcvclop

and illuminate with multiple
light sources? its object-oriented
sophisticated applications

(IT'S A SNAP IN IDL. |

from reusable code modules.

Analyze data faster. Create
simulations easier
better applications

Write

18J8 SOF T WARE

Read in, analyze and output
your data with the click of a
mouse with IDL Insight™.

Connect to your relational database with the IDL DataMiner .

Automatically share your programs — with full
graphical interfaces — among Windows, Unix and
Macintosh systems. Check out our flexible license
options — we'll help you protect your intellectual prop-
erty and economically distribute your applications.

‘-;;; ]

Create maps in any

new release

of 16 projections. Crunch numbers with IDL’s

Research Systems

Austria, Germany, Liechlenstein Luxemtmum Swi \tzr fand, The Netherlands
France, Belgium * laly
Spain * Taiwan

303-786-9900

integrated mathematics
statistics and industry-

IDL 50

%“ ant..
For More Information Write In No. 515 k iwr*

haai & TN

info@rsinc.com  Software = Vision™

International Distributor Offices

. Brazvl SulSoft tel: 55 51 337 33 91 » China, Hong Koni
16091766 » Japan m Net Ltd. tei: 81 3580
 United Kingdom Floating Point Syst

-Link Systems Ple Lid. tel

orea
S UK Lid, fet 44 118 977
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