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3 Instrumentation
4 Software News.

NEW LABVIE W 40 — GRAPHICAL PROGRAMMING FOR INSTRUMENTATION

LabVIEW Version 4.0 is here and it’s designed just for you! Whether your application is large or small, simple or complex,
LabVIEW 4.0 has features designed to improve your productivity, simplify your development tasks, and integrate your
application throughout your organization. LabVIEW 4.0 features a customizable development environment, powerful
editing and debugging tools, open connectivity tools through OLE Automation, and the new CodeLink utility to

import C code directly into your VIs.

LABWINDOWS'/CVI 4.0 — Toors For C/C++

LabWindows/CVI, an interactive C programming environment to build virtual instruments for data acquisition and
instrument control, now extends its powerful tools to other C/C++ programming environments. LabWindows/CVI
Version 4.0 libraries work with compilers from Microsoft, Borland, Symantec, and WATCOM. In addition, you can
automatically compile your C code in LabWindows/CVI into dynamic link libraries (DLLs) for use with C/C++,
Visual Basic, or LabVIEW.

COMPONENTWORKS' — AcTIVEX CONTROLS FOR VISUAL BASIC

ComponentWorks is a new collection of ActiveX (OLE) controls and libraries for building virtual instruments in Visual 6
Basic, Visual C++, and Borland Delphi. With ComponentWorks, you can acquire data from National Instruments ) I
DAQ products, control GPIB instruments with instrument drivers, perform advanced statistical analysis and signal SRRNARITRAINS

processing routines, and build virtual instrument front panels in Visual Basic. o

VIRTUALBENCH™ — TURNKEY VIRTUAL INSTRUMENTS

VirtualBench is a suite of five low-cost “benchtop” virtual instruments that combine the benefits of plug-in DAQ boards, i
software, and the PC. These instruments run on a variety of National Instruments DAQ products and include a
ready-to-run oscilloscope, function generator, digital multimeter, dynamic signal analyzer, and data logger. VIRTUALBENCH

.

WS MEASURE  — Direct DATA ACQUISITION WITH EXCEL

Measure for Windows adds direct data acquisition and instrument control capabilities to Microsoft Excel. With

easy-to-use pop-up dialog boxes, you can configure data acquisition operations using National Instruments DAQ ’
products or set up serial communications for any RS-232 instrument. You can transfer the data directly into your Measure
Excel spreadsheets.

For your FREE evaluation
copies of these software

products on our ‘7 N ATIONAI_
Software Showcase ®
call (800) 433-3488 ' INSTRUMENTS
The Sofiware is the Instrument~ S us at Wescon, Booth #3393

U.S. Corporate Headquarters ¢ Tel: (512) 794-0100 * Fax: (512) 794-8411 * E-mail: info@natinst.com ®« WWW: http://www.natinst.com

Branch Offices: Australia 03 9879 5166 » Austria 0662 45 79 90 0 » Belgium 02 757 00 20 « Canada 905 785 0085 » Denmark 45 76 26 00 « Finland 90 527 2321 « France 1 48 14 24 24
Germany 089 741 31 30 » Hong Kong 2645 3186 « Israel 03 5734815 « Italy 02 413091 « Japan 03 5472 2970 » Korea 02 596 7456 * Mexico 95 800 010 0793 « Netherlands 0348 433466
Norway 32 84 84 00 * Singapore 2265886 * Spain 91 640 0085 *» Sweden 08 730 49 70 » Switzerland 056 200 51 51 * Taiwan 02 377 1200 » U.K. 01635 523545

© Copyright 1996 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies.
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Actually, you do have to be a rocket scientist to appreciate it.

Introducing the Fujitsu. HALstation™ 300 Series.

A system that can do in hours what others would be
lucky to accomplish in days.

We're not suggesting that using the HALstation 300
will get you the Nobel Prize — but it will get you in the
running that much faster.

After all, we're talking about the world’s First 64-bit
SPARC"/Solaris" — compatible workstation. An environ-
ment that can blow right past 32-bit workstations as if
they were standing still.

At the heart of the system is the Ffirst
64-bit implementation of Solaris 2.4,

Not youR norMaL WOrksTatioN.

1995 HAL Computar Systems, HAL and the HAL logo are regustased tradenarks.
fcensed by SPARC Intarmational, Inc., 1o MAL Cf

our very own SPARC 64/0S™2.4. An 0S capable of mak-
ing your existing applications fly.

One that's so compatible, we guarantee it'll run
your Favorite Solaris programs, or your money back.

Here's something else to consider. Responsive ser-
vice and support. We've got it where the other SPARC
environments don’t even come close.

The HALstation 300 Series. It may not be the normal
way to work, but it's probably the ideal way for some-
body with a sizable |.Q. like yours.

Don't be normal. Call today for
more information, 1-800-425-0329.
Or http://www.hal.com/

For More Information Write In No. 623
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NOW TestEqUity is on"ne * New Tektronix & Fluke equipment in stock, ready to ship today
with a brand new cyber catalog S . v o ot e cUPmEnt, nowW
ﬁ"ed with today’s latest arrivals * We also buy test equipment; fax your list to 1-800-272-4FAX
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NASCAR driver Rusty Wallace (left) examines a piece of Space
Shuttle thermal protection insulation that was installed on his
Ford Thunderbird race car to reduce the excessive heat generat-
ed in the driver’'s compartment. The thermal barriers were
designed and installed by a team of Kennedy Space Center (KSC)
and Rockwell International personnel, led by NASA/KSC Thermal
Protection System Facility manager, Bruce Lockley (right), and
Rockwell’s project engineer, Suzanne Hodge. For more informa-
tion, see Mission Accomplished on page 20.

Photo courtesy of Kennedy Space Center

NASA Tech Briefs, August 1996



Write 200 .
At 18 MBS

The CY-8900 8mm tape drive delivers a
rare thing: a 185% increase in capacity,
a 500% increase in speed, and back-
ward read compatibility with earlier
generauons

Now, you can store 20 GB per tape at
3 MBS, uncompressed

Up to 100 GB per tape at 9 MBS with
optional data compression.

With the technology that has set the
standard in reliability and data integrity
since 1987

But performance and flexibility hit
the ceiling when two or more drives
work together with the Advanced
SCSI Processor.

Plug Compatibility With:
Alliant Intergraph Prime
T R Saeet
McDonnell ~ Sequent
Aﬁhh* Douglas Silicon
AT&T NCR STC
Basic4 NeXT Stratus
Concurrent Novell Sun
Convergent 082 Texas
Data General  PS2 Instruments
DEC Parallel Port  Unisys
gﬂﬁuﬂ PC Uhtimate
1BM PICK aulﬂ’
IcL Plexus — and more

Striping Write data to two or more
tape drives at a time, to maximize
throughput

Mirroring Write the same data to
multiple tapes, to add fault tolerance or
to make duplicate tapes

Cascade Data automatically writes to
the next tape when the previous tape
is full

Independent Write data to one
drive while you restore with another

Offtine Copy/Verify Make dupli-
cate tapes without tying up the host

With the Advanced SCSI Processor,
up to six drives can be configured in
a powerful desktop tape array. Striping
data, you can achieve an 18 MBS
throughput uncompressed — up to
10 MBS with data compression

No otber tape drive
can maich it.

Other options include Accelerated
File Access to speed file restore; Data
Encryption to protect sensitive c« rporate
data; and the Digital Data Recorder

For More Information Write In No. 616

Interface, for data
collection applica-
tions.

With a Fast SCSI
interface, the CY-8900
is plug compatible e

with virtually every
computer system and
network running. It's
available in a single
or multi-drive desk-

top or rack mount
configuration, or as
part of an automated

tape library with a
capacity of up to
12 terabytes

The complete family of tumkey stor-
age solutions includes 8mm, 4mm, half-
inch, magneto-optical, and RAID sub-
systems

Call today at..

(804) 833-9000
NETICS
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The deformation simulation of the side impact on a car door is
depicted in a photorealistic image created by the MARC gener-
al-purpose analysis system from MARC Analysis Research Corp.
of Palo Alto, CA. The image is one frame of an animation se-
quence created with the nonlinear structural analysis program.
New advances in Graphics and Simulation are highlighted in the
Special Focus beginning on page 29.

Image courtesy of MARC Analysis Research Corp.
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Algor software is helping the engineering leaders
of today and tomorrow design the future.

To find out how, come see us in action:

Air Products Chooses PipePak ¢ Algor Passes Test by Rockford Powertrain « Navistar International Case History * The Case of the Martian

S D c [Teles any Avi
D al 0 eedrin:
. val Spi etherla
Po U Desigyr P: r Eq e e cRops |

Car Parts » Algor Software Helps Design Centrifuge System * Engineer Designs Arch Dams * Renovating an Historic Italian Church Designing
Tanks that Meet Federal Codes * Scientist Prevents Futuxe Chernobyls De5|gn Optlmlzanon and Creauwty at Black & Decker * Army Designs

New M603 > ié E > elbDesign * Brazilian
Wheel M 5 g zant Cost
Reductio Algor’s Internet place features a vast number of real-world case histories. Repairs to
13th Cent There’s something for everyone and new stories are being added all the time. d Dental
Implants Algor’s Magellan Search Commander makes it easy to find stories of interest to you. 252 el

Discovers
Design * {2 ooa? v v B ataemmeroosign © Keck
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Algor to Japanese *» Westinghouse Uses Algor Design Language * Wheeling Suspension Bridge Case History » Zimmermann & Jansen Design

Houdini: CAD/FEA Integration Multimedia Products for Engineers
with 8-node “Bricks” (books, videos, etc.)

Finite Element Design
and Analysis Software

Speed-Mesh: CAD to 8-node “Brick”
Modeling Service

Plant and Piping System

Design and Analysis Software SYORE SIRCRtRT Cotralh

E-mail: info@algor.com « Phone: +1 (412) 967-2700 * Fax: +1 (412) 967-2781
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The new HP VISUALIZE
workstation with
PA-8000 performance.

The longer you have to wait
Jor your workstation, the longer
it takes to get your product to
market. But with our new line
of HP VISUALIZE workstations,
you can have blindingly fast
access to information as you
visually navigate through
data, no matter where it resides
in your organization. These
workstations let you and your
colleagues work simultaneously
in real time from different
locations. In fact, seamlessly
and quickly connecting people,
processes and information
across your virtual enter-
prise is the hallmark of our
HP VISUALIZE workstation
line. So why wait? Visit us at

www.hp.com/go/workstations.

ﬁf HEWLETT®

PACKARD

©1996 Hewlett-Packard Company




REAL-TIME
VIDEO ON
COMPUTERS

SIMULATION c3i SURVEILLANCE
INTERACTIVE VIDEO DISC TRAINING
ROBOTICS INDUSTRIAL CONTROL

VIDEO TELECONFERENCING

SUPERVIEW OFFERS

Up to 6 real time video windows
Windows scaleable to full screen

Optional inputs for FLIR, radar,
VGA and medical imagers

Text and graphics overlays on
video

Compatibility with all high
resolution graphics controllers

Video windowing systems are available in
standalone and board level configurations

A
RGB)
A |4
SPECTRUM®
A visual communications company™

950 Marina Village Parkway Alameda, CA 94501
Tel: (510) 814-7000 Fax: (510) 814-7026
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The Answers to
Your Questions...

... L

GET RESULTS QUICKER

Immediately gain insight from your
data with IDL, the pioneering software for
interactive analysis and application develop-

ment. If you analyze data from tests, experi-

ments, simulations, or images — or write
applications for others to use — IDL will give
you clear results faster.

IMPROVE YOUR PRODUCTIVITY

Dramatically improve your productivity
using IDL for visual data analysis, rapid
prototyping, or application development.

othing else provides the speed, flexibility,
eadth of built-in functions for access,

manipulation, and display of scientific and
engineering data.

See results “on the fly” with integrated
graphics, image processing, mathematics,
:mdp statistics. Quickly turn your ideas into
powerful applications using IDLs high-level,
array-oriented programming language and
cross-platform GUI tools.

REDUCE DEVELOPMENT TIME

Only a few lines of IDL code can do the
job of several hundred lines of C or Fortran.
Plus, you can call functions in other lan-
guages or link IDL to your existing C or
Fortran applications.

For More Information Write In No. 597

IDL programs are portable. You can
deliver complete solutions on UNIX®, VMS™,
Windows, Windows NT intosh®, and
Power Macintosh, while writing programs
only once.

So why waste time starting from scratch?
Exploit IDL and find the answers — in less
time, with less programming, and less hassle.
For a free demo CD, call
303-402-4641
info@rsinc.com
http://www.rsinc.com

Research Systems
Software = Vision.
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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
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Ames Research
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Information,
Communications,
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Human Factors.
Syed Shariq
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Dryden Flight
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Flight Testing;
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Flight Systems;
Thermal Testing;
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Lee Duke
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Goddard Space
Flight Center
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Johnson Space
Center
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logical strengths:
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Intelligence
and Human
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Life Sciences;
Human Space
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Avionics;
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Communications.
Hank Davis

(713) 483-0474
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Kennedy Space
Center
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logical strengths:
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Monitoring;
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Corrosion
Protection;
Bio-Sciences.
Bill Sheehan
(407) 867-2544
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Langley Research
Center
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logical strengths:
Aerodynamics;
Flight Systems;
Materials;
Structures;
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Lewis Research
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lerc.nasa.gov

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

(202) 544-5419
harry.craft@msfc.
nasa.gov

Stennis Space
Center

Selected techno-
logical strengths:
Propulsion
Systems;
Test/Monitoring;
Remote Sensing;
Nonintrusive
Instrumentation.
Anne Johnson
(601) 688-3757
ajohnson@
wpogate.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 technol-
ogy Transfer Center nearest you, call (800) 472-6785.

Ismail Akbay
National Technology
Transfer Center
(800) 678-6882

Robert Stark

Far-West Technology
Transfer Center
University of Southern
California

(213) 743-2353

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

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

Gary Sera
Mid-Continent
Technology Transfer
Center

Texas A&M University
(409) 845-8762

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

Chris Coburn

Great Lakes Industrial
Technology Transfer
Center

Battelle Memorial
Institute

(216) 734-0094

NASA ON-LINE: Go to NASA’s Commercial Technology Network (CTN) on the World Wide Web at
http://nctn.hq.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.hg.
nasa.gov

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

Philip Hodge

Office of Space Flight
(Code M)

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

Bert Hansen

Office of Microgravity
Science Applications
(Code U)

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

Granville Paules
Office of Mission to
Planet Earth

(Code Y)

(202) 358-0706
gpaules@mtpe.hq.
nasa.gov

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 NASA's Computer Software M

542-4807; E-mail: http://www.cosmic.uga.edu or service@cosmic.uga.edu.
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Center (COSMIC) at phone: (706) 542-3265; Fax: (706)
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Expenence Grace Under

Pressure Measurements.

When the stress of dynamic pres-
sure measurements seems {00
great to bear, call Endevco to
relieve the strain.

We offer a wide range of
piezoresistive pressure transducers.
And our unique, silicon sensing-
diaphragm is at the heart of each one.

That’s why Endevco pres-
sure transducers can take
such extreme vibration, shock, over-
pressure, heat, cold, and humidity.
And why they’re unsurpassed
for sensitivity, dynamic response,
and miniature size—whether
you're measuring inches of water
or 20,000 psi.

MEGGITT
AEROSPACE

" If you test in a wind tunnel, an
engine test cell, or in flight—we
have the right transducer for you.
The same goes for automotive mea-
surements such as ABS, air bags,
transmission fluid, hydraulic systems,
and engine manifolds. We also handle
petrochemical, marine, and .
medical applications. .
Plus Endevco offers an extensive
line of electronics and accessories. So
you're assured of a complete
pressure measurement solution.
With great prices and delivery
schedules to calm your nerves.
To avoid a major blow-out, call (
Endevco now at 1-800-982-6732. ENIDEVCO ‘

30700 RANCHO VIEJO ROAD, SAN JUAN CAPISTRANO, CA 92675 USA, TEL (800) 982-6732 FAX (714) 661-7231

For More Information Write In No. 685




FULL

| US PATENT

COPIES

ONLY $3.95

* US and
International
Patents!

* Clean, Crisp Copies!

* Fax Delivery
Available!

Wouldn't.you like. to ‘see
the full patent .. . includ-
ing all the drawings? It’s
easy.'Call '800-336-5010
and order any patent
copy in-the world, includ-
ing. any patent shown on
this page. If you don’t
know precisely what you
want, we can_still help.
Expert ‘patent specialists
are available to provide
you ‘with a completely
confidential search. You
even have a choice of
delivery options includ-
ing first class US mail,
Federal Express or: even
fax. It’s up to you. Call us
today and find out what
you're missing!

DERWENT

Scigntific and Patent Information

Call(800) 336-5010
to place your order

Call (800) 451-3451
for more information

info@derwent.com

Visit our Home Page!
http://www.derwent.co.uk

For More Information Write In No. 401

vel ENTS

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

Pipeline SAR Data
Compression Utilizing Systolic
Binary Tree-Searched
Architecture for Vector
Quantization
(U.S. Patent No. 5,477,221)
Inventors: Chi-Yung Chang, Wai-Chi
Fang, and John C. Curlander, Jet
Propulsion Laboratory

Among existing data compression algo-
rithms, vector quantization (VQ) is an effective
method of producing good reconstructed data
quality at high compression ratios. VQ has been
selected as the real-time downlink of the Earth
Observing System on-board processor to ground
data users. The present data compression sys-
tem combines a real-time encoding rate with a
low hardware cost by utilizing systolic array archi-
tecture for a tree-searched VQ algorithm. The
array, consisting of a network of identical pro-
cessing elements (PE) that rhythmically process
and pass data among themselves, exploits
design principles such as modularity, regular data
flow, simple connectivity structure, localized com-
municating, simple global control, and paral-
lel/pipeline processing functions. A fault-tolerant
VQ encoder includes a spare PE and a means for
detection and replacement of a faulty PE with the
spare to enhance system reliability.

For More Information Write In No. 778

Multilayer Thin Film

Hall Effect Device

(U.S. Patent 5,517,170)

Inventors: Palmer N. Peters and
Robert C. Sisk, Marshall Space

Flight Center

Hall effect measurements are indispensable
to research on electric conduction and magnetic
field properties, especially in semiconductors.
One method of obtaining them is by means of a
thin film of material that displays a high Hall coef-
ficient and is deposited directly on the substrate.
But the only such materials suitable for conven-
tional thin-film deposition such as sputtering are
bismuth and some high-T; superconductors.
The first is toxic, and the second group does not
permit a wide range of adjustment in layer sepa-
ration. The invention is the first to deposit on the
substrate a duality of materials in thin films, one
over the other, to produce a Hall effect device
having a tunable Hall coefficient, the "third Hall
coefficient.”" Creation of the latter coefficient by
cooperation of the first and second layers allows
use of materials for these layers that were previ-
ously ineffective because of their relatively weak
Hall coefficient. The invention further posits a
method of obtaining a magnetic field map of a
magnetic body. By causing a bias current to flow
in the first and second layers, and moving the
magnetic body in a direction substantially trans-
verse to these elongated layers, a voltage mea-

sured between predetermined points of the lay-

ers will indicate the strength of the magnetic field

and thus produce a map of the magnetic body.
For More Information Write In No. 775

Accelerometer Method and
Apparatus for Integral Display
and Control Function

(U.S. Patent 5,517,183)

Inventor: Richard J. Bozeman,
Johnson Space Center

The window in the accelerometer package at right
shows bar graph elements such as light-emitting
diodes. At left, the dip switch package has ten set-
tings that can provide a digital trip signal. Cutaway
at bottom shows position of “O” rings that shield
electronics from vibration.

A need exists to improve electronic displays
and control functions of accelerometers for oper-
ation directly on machines to measure their
mechanical vibrations. The subject accelerome-
ter package contains a transducer, display elec-
tronics, and a switch-selectable trip level for pro-
viding a fault signal. A bar graph display may be
used to monitor machine conditions over time. In
operation the apparatus outputs a broadband
analog accelerometer signal and integrates it to
produce a velocity signal that is calibrated and
sent to the display driver. The package can be
incorporated within an accelerometer case dur-
ing the original manufacturing process or retrofit-
ted into commercially available instruments.
Micrologic and surface-mount technology can
significantly reduce its size. Low cost, compact-
ness, and simplicity are characteristic of a pack-
age that includes features normally provided only
with more complex and expensive vibration
monitoring equipment.

For More Information Write In No. 776
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AMP Simulation. It's how top electronics companies

Companies like Hewlett-Packard,
Hughes Network Systems and NEC
America can't wait
while signal integrity NEC
and EMI problems create repeated
design and prototype cycles. Especially
when they’ve got a market waiting.
That’s why they head a list of more
than 100 computer, communications and
other electronics companies that utilize
AMP to model, simulate and analyze
the signal integrity of their designs,
before layout, to assure optimum
gystem performance. The first time.
AMP Simulation finds and fixes
(",ﬂ HeEwLeTTe reflections,
PACKARD cross-talk,
ground bounce, propagation delays,
timing errors, false switching, EMI,

To learn more about AMP Simulation capabilities, call 1-717-986-7824 (fax 800-521-5495).
AMP Incorporated, Harrisburg, PA 17105-3608. In Canada, call 905-470-4425.

See AMP on the Intemet: http/www.amp.com/

For More Information Write In No. 686

and all the other interconnection
problems that can turn even a logically
correct design into a frustrating
series of re-designs, What's more,
we'll take that perfected design into
layout and provide prototypes to
your time-to-market schedule. And,
of course, AMP can handle all your
production needs. HUGHES
Jointhemore than — eee——
100 companies that know-when it's
time to make a design real, it’s
already right. With AMP Simulation.

Connecting

HGHER

level”




Rechargeable Lithium-lon
Cells Containing Mg,Si
Anodes

A commercially available compound
offers potential advantages of greater
safety and longer cycle life over lithium
itself or carbon-based lithium-intercala-
tion materials.

(See page 50.)

Aircraft Maneuver-Envelope
Warning System

A string of colored lights serves as an
intuitive, easy-to-read indicator of the
status of an aircraft relative to its maneu-
ver envelope. Because of the arrange-
ment of colors, the pilot can read the dis-
play with peripheral vision while attending
to other things.

(See page 56.)

New Product ldeas

Advanced Microfabricated
Hydrogen Sensors

Sensors of this type could be used, for
example, at aerospace facilities that store
and handle hydrogen as rocket fuel or at
industrial facilities producing hydrogen.
Broader use can be anticipated if hydro-
gen one day becomes practical for auto-
mobiles as a clean-burning fuel.

(See page 64.)

Deposition of Sapphire by
Conversion Coating

Aluminum is deposited and immedi-
ately oxidized to convert the deposit to
sapphire. The process can be used to
form abrasion-resistant, clear protective
coatings on polymeric windows, lenses,
and face shields.

(See page 68.)

New Product Ideas are just a in the appropriate the TSP referenced at the
few of the many innovations section in this issue. If you end of the full-length article
described in this issue of NASA are interested in developing a or by writing the Commercial
Tech Briefs and having product from these or other Technology Office of the
promising commercial NASA innovations, you can sponsoring NASA center
applications. Each is discussed receive further technical (see page 14).

further on the referenced page information by requesting

Filter Devices for Collection
and Storage of Body-Fluid
Samples

Use of these filter devices eliminates
the need for centrifuges and freezers to
separate and store blood and other bio-
logical fluid components. Dried acellular
components can be stored inexpensively
and analyzed up to six months later.
(See page 95.)

Production of Monoclonal
Antibodies Specific to
Hepatitis C

Antibodies specific to some peptides in
hepatitis C viruses have been produced.
With suitable modifications, these antibod-
ies could become the basis for commercial
products in immunotherapy and for use as
controls in hepatitis C antibody assays.
(See page 97.)

and system integrators.

Applications & Technology

0P World bxpo

sponsored by

U Miller Freeman
Electronic Engineering
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acquisition aj »]vli(';nit ns,

ICSPAT * DSP World Expo

Be part of the international congress
that drives the development of signal

processing technology:
ICSPAT, the International Conference on Signal Processing Applications & Technology

ICSPAT 96 offers four days of application presentations, panels, demos, and workshops
covering current and potential applications of signal processing technology. The applications
presented at ICSPAT bridge the gap between scientific theory and commercial application,

and provide a worldwide state-of-the-technology overview for engineers, managers, OEMs,

DSP World Expo “96 offers an unparalleled opportunity to explore the realm of

signal processing products available to design engineers. Over 100 companies will exhibit ~|/fa:
enabling technologies in processors, boards, and development tools, as well as DSP-based 415-905-2220
full-solution products. email:
dsp@mfi.com

ICSPAT/DSP World '96 will feature a special data acquisition focus. Request a
free catalog to find out more about these courses and exhibits that cover a full range of data

For More Information Write In No. 402

INQUIRE TODAY FOR YOUR
FREE COURSE CATALOG!

phone:

415-905-2354 attendee info
617-235-8589 cxhibitor I'I[_ﬁ;

web page:

http://www.dspworld.com/

October 7-10, 1996 * World Trade Center * Boston, MIA, USA
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Draw your own conclusion.

and more. Imagineer also works with AutoCAD
and MicroStation®— so you can take your designs
directly into the CAD production workflow.

Imagineer’s easy-to-use drawing tools and
intuitive on-screen feedback render other
drawing programs obsolete. Intergraph
Imagineer™ Technical lets you create precision
2D drawings with half the mouse-clicks,
keystrokes and command changes of most
drawing software.

You'll find Imagineer makes drawing
simpler than you ever imagined. Order
Imagineer Technical today or test drive it
with a free evaluation CD and draw your
own conclusion. Special competitive
upgrade and CAD companion

pricing available.

Designed for Windows” 95 and Windows NT;
Imagineer makes it easy to combine drawings
with text files, spreadsheets, presentations
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ormer NASCAR racing champion
F Bobby Allison wasn’t expecting to
discover a way of revolutionizing
Winston Cup racing when he toured
NASA's Kennedy Space Center (KSC)
last year, but that's exactly what hap-
pened. A tour with KSC Director Jay
Honeycutt sparked Allison’s idea of using
thermal material from the space shuttle
to insulate heat-generating areas of
stock cars to protect drivers from expo-
sure to excessive heat.
During NASCAR races, drivers often

at the TPS facility in Florida.

suffer burns and Dblisters due to the
extreme heat transferred into the cockpit
through the engine firewall, transmission
tunnel, and floor. Exhaust pipes running
under the driver's seat carry 600 to
800°F gases away from the engine. As a
result, temperatures in the driver com-
partment often reach dangerous levels of
between 140 and 160° F, causing some
drivers to be pulled semi-conscious from
their cars after a race. Drivers often rely
on their own conditioning to be able to
withstand temperatures hot enough to
melt the soles of their right shoes (the
ones pressing on the gas pedal). While

20

Shown above are veteran NASCAR driver Rusty
Wallace (left) and Kennedy Space Center
Director Jay Honeycutt prior to testing the ther-
mal blanket insulation in Wallace’s car at
Daytona International Speedway. At right, a
Kennedy Space Center Thermal Protection
System (TPS) employee fits the Penske Ford
Thunderbird with space shuttle blanket material

cooling apparatus such as head gear
and vests that run cold water or Freon
are used to keep drivers from suffering
heat exposure, the preferable alternative
would be to stop heat at the source.
That's where NASA came in.

Allison, who owns Ford cars driven by
Derrike Cope, was encouraged by
Honeycutt to work with KSC on installing
scrap pieces of shuttle orbiter Thermal
Protection System (TPS) blanket material
in one of his cars. But due to a tight rac-
ing schedule, none of Allison’s cars was
available to ship
to KSC. -So,
Allison contact-
ed his racing rival
Roger Penske of
Penske Racing
South, who had
a car that could
be loaned to
KSC for a day to
serve as the test

ST R s i CymeplEpeN s 7 ]

lete, or generally not up to standards
required for shuttle use. The material
resembles house insulation; however, the
shuttle material has a 1.3-micron diame-
ter fiber, compared to the 30-micron
diameter fiber used in commercial insula-
tion. Thus, the TPS material allows more
fiber per square inch than house insula-
tion. Pemberton provided patterns for
the material pieces, so the insulation
blankets could be removed and installed
in different cars.

The Penske team identified some of
the car’s hottest spots, and the Rockwell
team fabricated two pieces of insulation
to shield the driver. The first piece was
two-inch-thick Flexible Insulation Blanket
(FIB) material installed under the car’s
floorpan to run between the floor and the
exhaust system and cover the area from
the firewall back to behind the driver’'s
seat. The second blanket, made of
Thermal Control System (TCS) material,
was placed under the driver's seat.
Another three blan-
kets of TCS and FIB
material were used
to insulate the trans-
mission tunnel and
floor next to the
cockpit. TCS ma-
terial was used to
cover both the
transmission gear
shifter and the en-
gine oail tank, which
sits six to eight
inches behind the
driver. In the engine
compartment, two
blankets made of
the material used on

bed for the new application. The Miller
Ford Thunderbird driven by veteran racer
Rusty Wallace was delivered to KSC on
October 12 of last year. A team from
Rockwell Space Systems Division's
Thermal Protection System Facility
(TPSF) worked with Wallace, crew chief
Robin Pemberton, and a NASA team led
by KSC’s TPS Facility Manager Bruce
Lockley, to design, build, and install the
insulation system in about 12 hours.

A Patchwork Approach
The aluminus silicate material used
had been graded as either scrap, obso-

the shuttle orbiter’s
wing were installed in front of the fire-
wall.

The insulation added less than four
pounds to the 3400-pound car and cost
NASA about $2000: $1000 for material
and $1000 for labor. The material scraps
were small; if they were whole, the cost
would be about $6000. The cost could
be reduced significantly if the material is
mass-produced by a commercial com-
pany. Suzanne Hodge of Rockwell’s
Advanced Projects explained that the
material was made available under a
Space Act Agreement between KSC and
Penske Racing that allows Rockwell to
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To anyone who is choosing between designing
in 2D or 3D, we offer the following advice.

Don’t.

Introducing Autodesk Mechanical Desktop:

' Feature-based, parametric
solid modeling

You model with familiar features
like tapped holes and chamfers.

Mix surfaces and solids to build
complex shapes.

" Comprehensive assembly
modeling
Assemblies are associative. Make

a change and see the entire
design update..

2D design and drafting
.DWG format ensures compatibility
with your existing data, vendors

and dients.

" Associative drafting
Automatically generate detailed
drawings. Full bi-directional associativity
|_updates models ond drawings.

Uniting 2D and 3D.

With new Autodesk Mechanical Desktop you
and your design team can end the debate
because everything about it has been
designed around your needs. For projects
that require 2D drafting, you can be sure
the capabilities are there. After all, Mechanical
Desktop is built on AutoCAD?® software,
the unsurpassed 2D drafting standard. For
projects that require 3D or a mixture of
2D and 3D, you'll find enhanced feature-

based solid modeling to speed design and

Analysis by ANSYS, Inc.

} CALL 1-800-964-6432 AND Ask FOR DEMOPAK S605.

With Mechanical Desktop as a foundation, you can take your projects from

design to manufacture. Thanks to the Mechanical Applications Initiative

applications and know that they'll be fully integrated

make change effortless. And users totally new
to 3D will easily get up to speed because
of their familiarity with AutoCAD. So what
you’ll have is one tool for a variety of pro-
jects from straightforward components to
complex assemblies. A tool that’s versatile
enough to enable you to work in 2D, 3D or
a combination. You'll also have a network
of training and support centers worldwide.

And yes, it’s affordable. Sound too good to

i~

Machined by NC Microproducts.

I Autodesk

be true? Call us on it.

(MAI), you can choose from the best-of-class design through manufacturing

For the name of the nﬂmﬂ Autndrsl;‘sd\-!trnn Centtr or Autndtsk Training Center, call 1-500-964-6432. Outside the U.S. and Canada, fax us at 1-415-507-6142. ©1696 Autodesk, Inc. Autodesk, the Autodesk logo and
the A k Mec

AutoCAD are regis

| Desktop is a trademark of Autodesk, Inc. in the U.S. and other countries



A Rockwell International engineer installs a thermocouple device inside the Penske Ford
to measure how well the space shuttle thermal blanket material would work to reduce heat
in the driver’s cockpit under race track conditions.

serve as an integrator to spin the tech-
nology off for commercial use. NASA
agreed to work on the car with the
understanding that other race teams will
have access to the material. Said
Pemberton: “We don’t want to keep it to
ourselves. You don't want something like
this as an advantage over someone else.
If my guy is racing side-by-side with
someone else, | want both of them to
have cool heads.”

One of the most important considera-
tions at the beginning of the project was
whether the refurbishments would be
approved by NASCAR. But since the
insulation system does not enhance the
performance of the car, it is not prohibit-
ed by NASCAR. Winston Cup director
Gary Nelson explained that NASCAR
wouldn’t be involved unless it gets too
expensive. “One of our questions is cost
to competitors. Anything like that, which
is within reason cost-wise and helps the
driver, we don’t get too involved in.”

As for NASCAR approving the material
pieces, Nelson said that it comes under
the heading of driver performance, like
“what kind of shoe he is going to wear.”
The team was not, however, able to insu-
late the car's exhaust system, due to
NASCAR regulations on performance
enhancements.

One Cool Car

Once installation of the TPS material
was complete, the next step was to test
the new insulation blankets. Would they
cool the car’s hot spots enough to reduce
driver compartment temperatures to
bearable levels? The first test was a pre-
liminary session held last November, in
which Wallace's car idled in the garage

22

area until the oil temperature reached
165° F. The insulating material reduced
the surface of the tank to 75° F. The 90-
degree reduction in temperature is signifi-
cant, given the fact that the oil cooler sits
less than three inches from the driver's
back.

including below Wallace's foot. With the
insulation material in place, the tempera-
ture under Wallace's foot measured
108°F; with the material removed, the
temperature was 145° F.

Another hot spot under Wallace’s left
elbow was measured with just the exter-
nal insulation in place. The temperature
measured 120°F; a blistering 260°F was
recorded without the insulation. The dif-
ference in temperature of 140° is stag-
gering, especially since the tests were
run with only the external insulation in
place. An even greater reduction in tem-
perature is expected when the tests are
run with the interior insulation in place.

The KSC team will continue testing with
Penske Racing to develop an insulation
system that can be switched quickly from
one car to another, according to Lockley.
The data will allow NASCAR to determine
if the system can be approved for use on
all cars that race in NASCAR events.

At press time, Rockwell was negotiat-
ing a business development contract with
Penske Racing, which specifies a com-
mercial manufacturer of the blanket mate-
rial and other details. After the agreement
is signed, Rockwell will release the name
of the manufacturer, the details of the
product, and its cost. The non-proprietary
technology could be used by other com-

Wallace pilots his Ford Thunderbird around the track at Daytona as part of a real-world
test of the TPS material installed undér the Space Act Agreement between KSC and
Penske Racing.

On April 10, the first high-speed test
was performed under race track condi-
tions with full instrumentation to deter-
mine how well the thermal barrier system
would reduce hot-spot heat. At the
Daytona International Speedway in
Florida, Wallace ran 20 2.5-mile laps in
the Thunderbird with only the external
elements of the TPS system in place to
reach a constant temperature level. He
then drove the same distance with the
material removed. Computer-based sen-
sors and data recorders measured tem-
peratures in the car at the hot spots,

panies to manufacture similar products.
Rockwell hopes to have the commercial
product available before the end of the
NASCAR racing season in November.

Martin Wilson, Rockwell's TPS Facility
project manager, is sure that “the system
will significantly improve environmental
conditions for race car drivers. This is
another good example of how technolo-
gy developed for the space program can
be used for applications on Earth.”

For more information, contact Bruce
Lockley of Kennedy Space Center at
407-861-5381.
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This surface plot shows impact damage to a rectangular section of helicopter laminate material.
Algorithms developed with the MATLAB Neural Network Toolbox classify echoes from ultrasonic

signals to automate non-destructive inspection. Data courtesy of McDonnell Douglas under an

AATD contract

Tre LANGUAGE FOR ENGINEERS
MATLARB is the best connection
between engineering concepts
and implementation.

By integrating numeric
computation, visualization,
and a technical language,
MATLAB gives you an envi-
ronment for data analysis,
algorithm design and appli-
cation development.

PowER TO EXPLORE

PowER TO PROTOTYPE

In MATLAB, you create algo-
rithms the way you think,
mathematically—without
writing a single line of C or
FORTRAN.

Hundreds of powerful
built-in functions—tuned for
efficiency and reliability—are
coupled with a powerful, intu-
itive, and matrix-optimized
programming language.

VisuALIZE THE POWER

oF YOurR PROGRAMS
Powerful object-oriented
graphics offer interactive
analysis and dynamic
modeling. The extensive
visualization functions
include 2-D, 3-D, and 4-D
plotting, as well as surface
lighting and shading.

Deverop MATLAB ProGRAMS
AND STANDALONE APPLICATIONS
A complete set of GUI devel-
opment tools lets you tailor
the look and feel of your inter-
active MATLAB applications.

Using MATLAB" to
develop algorithms is easy.
For producing
C code, however,
its automatic.

BurLt-iN EXPERTISE

THROUGH MATLAB TooLBOXES
Toolboxes offer a wide choice
of optimized functions for
data reduction, analysis,

modeling, and system design.

Written by recognized
experts, MATLAB Toolboxes
let you learn proven and
leading-edge mathematical
techniques, and apply them
to real world applications,
from helicopters to pagers.

PRPSREWS ;,,\‘.‘3"%.;{"‘;,«;5«‘
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MATLAB Wavelet Toolbox algorithms
perjorma 5-level J(;‘nm;‘us::mn of a voice
signal. Data courtesy U. §. Robotics Mobile

Communications Corp.

MATLAB

for Engineering
MATLAB
MATLAB Compiler
MATLAB C Math Library
MATLAB C++ Math Library
Application Toolboxes for:
Signal Processing
Control System Design
Financial Engineering
Image Processing
Data Analysis & Modeling

Link MATLAB with your
C and FORTRAN programs,
incorporate MATLAB Toolboxes,
exchange data with other soft-
ware, and embed MATLAB as an
analysis and visualization
engine.

With the new
MATLAB MATLAB
Compiler  FLIIE
and C Math Now.
Library you

can automatically convert
your MATLAB algorithms to
standalone programs.

Finp Out WHAT'S
DevELOPING WITH MATLAB
Call today for a free technical
kit about the MATLAB
Compiler, C Math Library,
and Wavelet Toolbox:

(508) 647-7000

Or fax your request:

(508) 647-7101

Also, don’t forget to visit our
award-winning web site:

http://matlab.mathworks.com

The
MATH

ja

The MathWorks, Inc_. ® 24 Prime Park Way, Natick, MA 01760 « tel: (508) 647-7000 © fux: (508) 647-7101 * e-mail: info@mathworks.com © hitp://www.mathworks.com

The MathWorks is represented in the following countries: Australia: + 61-2-9922-6311 » France: + 01-41-14-67-14 « Germany: + 48-241-470750 * India: + 91-80-2-250-260 * lsrael: + 972-3-561-5151
Raly: +39-11-24-85-332 » Japan: + 81-3-5078-5410 « Korea: + 82-2-517-1257 + Poland: + 48-12-17-33-48 » Portugal: + 34-3-415-49-04 « Scandinavia: + 46-8-15-30-22 » Singapore: + 65-842-4222 » Spain: + 34-33-415-49-04
Switzerland: + 41-31-882-0288 + Taiwan: + 886-2-501-8787 » In the Benelux, United Kingdom, and Republic of Ireland call Cambridge Control, Lid: + 44-1223-423-200
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DON'T FORGET .. NASATechBies
To Enter NASA Tech Brie f 20th Anniversary 20

Letter-Writing Contest!
: 4 : : Years
The deadline of September 1, 1996 is approaching fast!

We want your letters of 500 words or less describing how NASA Tech Briefs has impacted your work and your life
during the past 20 years. For example:

« How have the technologies and products featured in NASA Tech Briefs helped you to solve specific
problems and grow your business’

+ Have you or your company established partnerships with NASA as a result of information found in
NASA Tech Briefs?

If your letter is chosen as one of three Grand Winners, you'll receive a trip (transportation and hotel) to Anaheim, CA for the Technology 2006
conference, where you'll be presented with your award at the 1996 Technology Transfer Awards Dinner. The Grand Winners - and five finalists -
will also receive special prizes, and all entrants will be included in an Honor Roll in the December Commemorative issue of NASA Tech Briefs.

Send your letter (including how many years you've been reading NASA Tech Briefs) to:

NASA Tech Briefs Letter-Writing Contest
317 Madison Ave. New York, NY 10017

Fax: 212-986-7864 E-mail: nth_edit@interramp.com

You must include your name, company (if applicable), address, and daytime phone number.

HURRY! Your letter MUST be received by September 1, 1996!

FOLSOM RESEARCH HAS BUILT PRECISELY

_ THE TOP-OF-THE-LINE SCAN CONVERTER YOU ASKED FOR.
Cll AND WE'LL PROVE IT TO YOU.

2 Our new 9700XL scan converter has everything the most Now, the prody

demanding professionals have asked for. For one thing, our proprietary Call us, fax us, or
scan conversion techniques provide the best image quality you'll see

e-mail us for a free
anywhere. ]

Ly demonstration, and
That’s why Folsom Research scan converters are the

choice of NASA, Fortune 100 companies, the
military, and any organization needing
superior quality in converting any
high-resolution computer or imaging
source to broadcast-quality video output.

a2 ¢
decide for yourself

And, of course, the 9700XL continues
our tradition of providing the rock-solid,
mission-critical reliability you demand.

Folsom

Also, as a leading-edge company, we provide
RESEARCH

leading-edge features. The 9700XL is the first

scan converter offering a serial D1 output. 22 East Bidwell Street

= S - . Folsom, CA 95630-3119
. Q7 o . = . s -

The 9700XL has all the features and performance you expect Tel (916) 983-1500

from Folsom Research, including:

* RS-232 control Email: sales@folsom.com
. D]'mmi[ pan and zoom NTSC / PAL http:/lwww.folsom.com
* Multiple flicker elimination filters Monitor
* Conversion to all major video formats

(RGB, NTSC, PAL, S-Video (Y/C), Betacam, true 31.5 KHz, and serial D1)

See us at Siggraph Booth #914

Fax (916) 983-7236

Engineered for
Professionals
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The World's First. ..

3 Chip,

1O-Bit, Remote

ead,

Digital POV, Camera.

The New IK-TU40A Makes All Other PO.V. Cameras Obsolete!

Toshiba’s new IK-TU40A is 3 chips off the old block. It makes
any other P.O.V camera obsolete by utilizing Toshiba's revolu-
tionary ten-bit DSP architecture, combined with three 410,000-
pixel CCDs. The result is a breathtaking 750 horizontal lines of
resolution and 62dB signal-to-noise ratio for the brightest,
sharpest color video in the industry.

This ice-cube size camera head delivers broadcast and
industrial quality performance in a lightweight, compact
package. Plus, its remote head design allows it to be mounted
virtually any-where for an entirely new perspective.

With the addition of a wireless transmitter, you can capture
all the excitement of world-class skiing or Indy car racing
from almost any angle. The IK-TU40A also provides you with
a critical edge in industrial applications like pattern
recognition, mechanical manipulation and measurement, or
any other apllication where weight and size count.

The IK-TU40A camera accepts C-mount lenses and has video
outputs for NTSC, S-VHS, R-Y/B-Y and RGB. A 10, 20, or
30 ft. detachable cable, RS-232C personal computer inter-
face for total control of all camera functions. To get the whole
picture, call Toshiba at 1-800-344-8446.

In Touch with Tomorrow

TOSHIBA

information And Imaging Technologies Group ¢ Video Communications And Information Systems
A Division Of Toshiba America Consumer Products
1010 Johnson Drive, Buffalo Grove, llinois 60083-6900 * 1(800)344-8446 ¢ Fax(708) 541-1927
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Resource Report

Dryden Celebrates 50 Years

ive aeronautical engineers from

Langley Memorial Aeronautical
Laboratory (now known as Langley Re-
search Center) arrived from Hampton,
VA at Edwards Air Force Base in Ed-
wards, CA, on September 30, 1946 to
set up the High Speed Flight
Station in preparation for X-1
supersonic research test flights.
The flights were part of a joint pro-
gram between the Army Air Forces
and NASA's predecessor, the Na-
tional Advisory Committee for Aero-
nautics (NACA).

This operation marked the begin-
ning of flight research at NASA's
Dryden Flight Research Center,
which celebrates its 50th anniver-
sary next month. The center, re-
named in 1976 in honor of Hugh L.
Dryden, has ascended into flight
research leadership over the past
half-century, and now has nearly
900 NASA government and civilian
contractor employees in flight re-
search programs supporting U.S.
industry and the military.

Located at Edwards Air Force
Base—with which it has a partner-
ship alliance—Dryden has access
to more than 20,000 square miles
of restricted air space over Califor-
nia’s high desert and off the
California coast. Dryden facilities
include a high-temperature and
loads-calibration lab to test aircraft
and structural components on the
ground for the effects of inertial
and aerodynamic forces and heat.
A flight systems lab provides for
safe integration and testing of air-
craft flight controls and other elec-
tronic and electrical systems before
flights. Other facilities include a
flow visualization facility for study
of airflow patterns, and a flight re-
search data processing facility.

Aircraft Advances &
the Space Age

Work at Dryden began with the early
jet and continues with the space shuttle.
But Dryden may be best-known for the
historic breaking of the sound barrier in
1947. Flight research at and beyond the
speed of sound during the late 1940s
and 1950s included the first of the
famous X-Planes, which pioneered su-
personic flight, and the X-15 rocket
planes, which brought pilots to the edge
of space. This research provided impor-
tant early verification of, and corrections

26

to, the nation’s wind tunnels; furnished
significant information on previously un-
explored aircraft characteristics that con-
tributed to the controllability and maneu-
verability of planes; and proved the con-
cepts of swept- and variable-speed

Modified Boeing 747s are used as Space Shuttle Carrier
Aircraft (SCA) to take the shuttle orbiters back to the launch
site at Kennedy Space Center in Florida after landing or servic-
ing at another site. The NASA 905, the first SCA in service, is
shown leaving Dryden with the orbiter Atlantis.

The Advanced Control Technology for Integrated Vehicles
(ACTIVE) program at Dryden uses specially modified F-15s to
test how advanced thrust vectoring engine nozzle technology
can improve the aircraft’s performance during cruising flight
or in maneuvering.

wings, adjustable stabilizers, and reac-
tion controls used on subsequent aircraft
and space vehicles.

Dryden has pioneered in flight research
through the use of modified, convention-
al aircraft such as the F-8, the F-111, and
the F-15. Aircraft design has been pro-
foundly changed as a result of aerody-
namics and digital electronic flight con-
trol systems research performed in the
1970s on the F-series aircraft. For exam-
ple, research on the F-8 Digital Fly-By-
Wire (DFBW) aircraft resulted in effective
use of DFBW technology in the space

shuttle, the F-18, the B-2 Stealth
Bomber, later models of the F-16, and
the Boeing 777.

When NASA began the space pro-
gram, research at Dryden focused on
challenges of hypersonic (Mach 5+)
speeds and piloted flight into
space. The Lunar Landing Re-
search Vehicle (LLRV) and the
Lifting Body space research pro-
grams continued at Dryden in the
1960s and 1970s. The LLRV
helped astronauts prepare for lunar
landings, and the wingless Lifting
Body research aircraft obtained
data on controllable atmosphere
reentry for development of the
space shuttle. Dryden served as
the shuttle’s primary landing site for
the first 12 years of the program.

The Next 50 Years

Incorporating technologies such
as forward-swept wings, vectored
thrust, and nose strakes, the F-18
HARV and F-15 ACTIVE programs
have contributed to improved
safety and controllability of high
performance aircraft. Other re-
search efforts contributing to
future aircraft design include dis-
tributed systems that will substi-
tute small, individual components
for large, centralized systems to
reduce weight and increase effi-
ciency. The X-Planes currently
under development at Dryden wil
help to advance aerospace vehicle
designs and could make superson-
ic flight more economical in the
21st century.

Propulsion-controlled aircraft
technology demonstrated in the F-
15in 1993 and in a wide-body MD-
11 in 1995 showed that flight-con-
trol software can be used to land
an aircraft using only the throttles
for control. The Engines-Only Flight
Control System, developed by Dryden’s
Frank W. Burcham, Joseph L. Conley,
Charles G. Fullerton, Glenn B. Gilyard,
and James F. Stewart was named
NASA's nominee for the Intellectual
Property Owners 1995 National Inventor
of the Year Award. (See NASA Tech
Briefs, April 1996, page 20.)

For more information, contact
Dryden’s Public Affairs Office at 805-
258-3449, or visit the NASA Dryden
World Wide Web Home Page at
http://www.dfrc.nasa.gov/.
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Powerful modeling for the specialized user. 0k
Inferface can dbi ba 5
I can drive you bananas lid ks 96
1981 Powerful modeling for the mainstream user.
PC CAD Native Windows. loves low cost hardware.
Limited functionality—will tun you
green and make you crook. . P
Meet SolidWorks™ 96.
The highly-advanced 3D solid modeling software.

SolidWorks 96 is exceptionally easy o use and affordable, yet powefful

h to compete with specialized highend systems. In foct, we've already
eYl?r‘?t;gsnx of the industry’s most coveted awards. Which suggests that selecting

SolidWorks 96 for your organization is a most intelligent decision.

SolidWorks 96 is available on fast, affordable workskations including

Digital’s Pentium, Pentium Pro and Alpho systemns. All providing unprecedented
price, pefformonce on the Microsoff® Wm(gws ® platform.

Old, big, sow and headed for extinction ‘"We are convinced that SolidWorks will have the most si
Mmhmmmmmdycm
- David E. Weisberg, Engineering Automation Report

CAD/CAM SOﬁdV’/OrkS

o ]
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GETTING FROM CONCEPT TO
APPLICATION JUST GOT EASIER.

VISUAL SCIENCE™ ENABLES YOU TO

INTERACTIVELY DESIGN, SIMULATE AND ANALYZE
COMPLEX MATHEMATICAL SYSTEMS.

science

Windows 95 & Windows NT

$695
Introductory
Offer

\/isual Science's unique interactive computational
model enables you to focus on the results you want
to see rather than on the calculations which need to
be run. Unlike textbased mathematical software,
Visual Science lets you quickly and easily:

+ Create a visual model of a mathematical system

+ Bring out the important hierarchical structure of
the system, hiding unwanted detail

+ Gain complete control over executing your
mathematical system

« Analyze the system with interactive tools

» Scale from simple problems to complex
dynamic systems

+ Model systems involving feedback

+ Simulate parallel execution

+ Navigate through and manage large
scale projects

You’ve got to see it to believe it.
http://www.acroScience.com

Download the fully-functional trial version!

ocroScience, Visuol Science, ond MathColc are trodemarks of ocroScience Corporation. Microsoft, Windows 95, and Windows NT are
registered trodemarks of Microsoft Corporation. IDL is o registered trodemar y of Research Sy; ems, Inc. MATLAB is o registered trademark

of The Math Works, Inc. All other product and company names are trad

ks, or regi ks, of their respective companies.

For More Information Write In No. 692

Visual Science features:

« Full interactive control over designing, simulating,
analyzing and applying mathematical systems

« A hierarchical block diagram interface together
with a traditional command prompt interface

+ MathCalc™ a familiar matrix calculation language

+ More than 100 double precision real and
complex mathematical functions

« Both numerical and graphical data inspectors

+ OLE based publication and annotation
capabilities

+ Sequential and parallel execution with feedback
+ A fully customizable and extensible environment
- Seamless support for
MATLAB® and IDL®

oration

For more information:
acroScience Corporation
1966 13th Street, Suite 250
Boulder, CO 80302 USA
E-Mail: info@acroScience.com
303.541.0089

Fax: 303.541.9056

1.800.600.MATH



Special Focus:
Graphics & Simulation

Data-plotting software features
automatic scaling

page 30

Geophysical data is “mined”
with computer system

page 32

CFD flow model analyzes
turbopump performance

page 36

CAE tool suite simulates plastic
parts design/molding

page 38

3D graphics workstations render
and animate complex models

page 38

Glove interface allows
“pick-and-place” of 3D models

page 40

Image-processing program
analyzes remote data

page 40
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Bringing Efficiency to
Finite Element Analysis

FEMA

Finite Element Analysis promises

a faster product design cycle, but
only if you can effectively model
your components and clearly
visualize your results. If you want
to increase the efficiency of FEA,
look no further than FEMAP.
Intuitive, powerful and affordable,
FEMAP can help you realize the
full potential of FEA. Contact us
for a free 300-Node Demo Version
and see why more FEA companies
have chosen FEMAP as their
built-in Pre- and Post-Processor.

Features

Modeling:

* True Windows or Motif Point
and Click Graphical User Inter-
face « 2-D, Surface, and 3-D
Automatic Meshing ¢ Create,
Import and Edit 3-D CAD Geom-
etry « Direct Meshing Interface to
ACIS Solid Models (AutoCAD,
MicroStation, Solid Edge, Tri-
Spectives) « Support for Static,
Modal, Buckling, Steady State
and Transient Heat Transfer,
Nonlinear, Frequency and Tran-
sient Response Analyses

PostProcessing:

* Animations, Color
Contours, Vector Plots,
Slices, Cuts, Isosurfaces |
and Transient Animations
* Cut and Paste Text and
Graphics to other programs
« Standard and User-Defined
Sorted and Summarized
Reports « Error Estimates

FEMAP works with ABAQUS, ALGOR, ANSYS, CAEFEM, CDA/SPRINT,
COSMIC NASTRAN, COSMOS/M, CSA/NASTRAN, I-DEAS,
ME/NASTRAN, MSC/NASTRAN, MSC/PAL2, MTAB*STRESS, PATRAN,
SAP 1V, STAAD-III, STARDYNE, UAI/NASTRAN, and WECAN
on Windows, Windows 95, Windows NT and UNIX.

Enterprise Software Products, Inc.
P.O. Box 1172 « Exton, PA * 19341

Phone: 610-458-3660 E-Mail: femap@entsoft.com
FAX: 610-458-3665 Web: http://www.entsoft.com

FEMAP ADVANCED MESHING MODULE utilizes ACIS software by SPATIAL TECHNOLOGY INC.
All product names are trad rks or regi d trad ks of their respective owners.
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Remote Interactive Visualization of Planetary

Image Data Using Parallel Supercomputers
This program could serve as a valuable tool for education in geology,

geography, and space science.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

A parallel-processing computer pro-
gram renders three-dimensional-ap-
pearing images of the Earth or other
planet from any desired perspective.
The program generates the images
from satellite optical- and/or radar-
image data registered with a digital
elevation map of the planet. The data
are referred globally to a spherical ref-
erence frame and can be presented by
use of sinusoidal projected flat-surface
mathematical models.

The program can handle tens of
gigabytes of input image data and is
scalable to very large, massively paral-
lel processing computers. It can gener-
ate high-quality, high-resolution images
in nearly real time when operating in a
stand-alone or batch mode. Alterna-
tively, an interactive interface in the
program can be used to explore large
volumes of remote-sensing image data
in real time, or to simulate flight over
planetary terrain.

This software can be run on a Cray
T3D computer and an Intel Paragon
computer (or equivalents), rendering
images at a rate of 2 frames per second.
For operation in the interactive mode, it
is also necessary to use an SGI comput-
er with texture-mapping and a HiPPI

frame buffer connected to the parallel
processing computer via a HiPPI net-
work. It has been demonstrated by
using it in interactive simulation of flight
over the California and Nevada desert
as rendered from 650MB Landsat
imagery of that area, and in simulation
of flight over Mars from an 860MB
global set of Mars image data. The pro-

gram could serve as a valuable tool for
education in geology, geography, and
space science.

This work was done by P Peggy Li,
Dave W. Curkendall, and William H.
Duquette of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, write in 65 on the TSP
Request Card. NPO-19598

This Three-Dimensional View of Valles Marineris of Mars, with 5 x vertical exaggeration, was
rendered on the JPL Cray T3D using the parallel renderer described in the text.

Easy Plotter

Features include an easy-to-use data-entry format and automatic scaling.
Goddard Space Flight Center, Greenbelt, Maryland

The Easy PC Graphics (GFIl) comput-
er program provides for ease and flexi-
bility in plotting of data. The program
establishes a standard input-data format
that eases the entry and evaluation of
data. Multiple dependent axes are also
supported. The program can be run
either in a stand-alone mode or embed-
ded in the user’s own software.

Automatic scaling according to sever-
al logarithmic and decibel scales is built
in. New scales, or other data transfor-
mations, are easily incorporated into the
code through the use of object-oriented
programming techniques. For the auto-
scale routines and the plotting code,
data are not retrieved directly from a file,

30

but a “method” delivers the data, per-
forming scaling as appropriate. Each
object (variable) has state information,
which selects its own scaling.

GFl is written in version 6.0 of Turbo
Pascal for IBM PC-compatible comput-
ers running MS-DOS. The source code
can be compiled properly only with the
version 6.0 and version 7.0 Turbo
Pascal compilers. However, an exe-
cutable code is provided on the distrib-
ution disk. This executable code
requires at least 64K of random-
access memory and DOS 3.1 or high-
er, as well as an HP LaserJet printer to
print output plots. The standard medi-
um for distribution of this program is

one 5.25-in. (13.335-cm), 360K, MS-
DOS-format diskette. The contents of
the diskette have been compressed
by use of the PKWARE archiving soft-
ware tools. The utility software to
unarchive the files, PKUNZIP.EXE, is
included. An electronic copy of the
documentation is provided on the dis-
tribution medium in ASCII format. GFI
was developed in 1993.

This program was written by Rich
Katz of Goddard Space Flight Center
and Ted Kopf of Caltech. For further
information, write in 4 on the TSP
Request Card. GSC-13592

NASA Tech Briefs, August 1996



BETTER: STK"® is a comprehensive,
interactive satellite analysis software
package that is recognized worldwide as the
industry standard. The new interface is both intuitive
and simple to navigate.

FASTER: Ready today, tested and verified by thousands
of users over seven years of continuous development,
STK meets a wide range of system needs, immediately.

CHEAPER: Commercially available, off-the-shelf,
STK offers both economy and unparalleled
excellence. Available on both UNIX and PC
platforms. Version 3.0
brings state-of-the-art
satellite analysis to
desktop and laptop
PCs everywhere.

Call today for more information.
1-800-220-4STK

Web: http://www.stk.com

ANALYTICAL GRAPHICS
660 American Avenue « King of Prussia, PA 19406
Irvine, CA « San Jose, CA * Colorado Springs, CO « Albuquerque, NM * Washington, DC * London
Voice: (610) 337-3055/(800) 220-4STK « Fax:(610) 337-3058 « E-Mail:request@stk.com » WEB: http://www.stk.com
For More Information Write In No. 693



Mining Vast Sets of Geophysical Data

Features of interest can be extracted from temporal and spatial variations.

NASA'’s Jet Propulsion Laboratory, Pasadena, California

CONQUEST (for CONtent-based
QUErying in Space and Time) is a sys-
tem of computer software and hard-
ware for “mining” vast sets of geophys-
ical data, enabling scientists to extract
features of interest from spatial and
temporal variations of pertinent physical
quantities included in the data. CON-
QUEST can be applied to data from
diverse sources, including computational
models of oceanic and atmospheric
flows, multispectral imagery acquired
from instruments aboard satellites, and
synthetic-aperture radar images of ter-
rain. CONQUEST has begun to be

applied to meteorological data to study
the long-term behaviors of the atmos-
phere and oceans. It is also being ap-

plied in the effort to understand and
eventually predict such short-term me-
teorological phenomena as blocking
events (associated with bifurcation of
the basic westerly jet stream in mid lati-
tudes) and cyclones.

The basic idea of CONQUEST is to

.provide.a knowledge-discovery comput_- From the Scientific Workbench, a user formulates queries and interacts with CONQUEST to
ing environment that enables geophysi- explore hypotheses. After extracting information from a vast repository, the system presents

cal scientists to do the following: results graphically to the user.

The new Hitachi HV-C20 provides a breakthrough in 3-chip
color camera performance. Newly developed C-mount
prism optics allow a much smaller and less expensive
total package. Consider these features:

® 3-1/2"IT CCDs e C-mount lenses

® 700+ line resolution e Extremely small size

® 60dB S/N ratio ® Integration up to 60 fields
e {8.0 at 2000 lux ® Field on Demand (FD)

e AGC e Computer control

Call for a demonstration

=—— Hitachi Denshi Americq, Ltd.=————
A New York 516-921-7200 A Atlanta 404-242-3636 A Chicago 708-250-8050

A Los Angeles 310-328-6116 A Dallas 817-488-4528 A Canada 416-299-5900
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1.Easily formulate queries — especially
queries in the form of content-based
indices that depend on both spatio-
temporal patterns specified by the
scientists and spatio-temporal pat-
terns that emerge spontaneously from
analysis of the data;
2.Execute these queries rapidly on mas-
sive data sets;
3.Make the results visible; and
4.Rapidly and interactively infer and
explore new hypotheses by support-
ing complex compound queries (in
general, these queries depend not
only on the data but also on content-
based indices supplied by the
answers to previous queries).
CONQUEST exploits the distributed
and parallel data-processing power
afforded by a network of computer work-
stations and massively parallel proces-
sors. The system architecture (see figure)
comprises five basic components; (1)
the scientific workbench, (2) the query
manager, (3) the visualization manager,
(4) the execution engine, and (5) the
information repository. The scientific
workbench includes a graphical user
interface that enables the formulation of
queries in terms of imagery presented
on the screen by the visualization man-
ager. The execution engine is a subnet-

NASA Tech Briefs, August 1996



Setra's

New

Model 276

can help

you cope with...

This new barometric pressure transducer
combines low cost with
extraordinary on-the-job performance

Only Setra could pack this kind of  tion, the Model 276 is ideal for
accuracy (0.25% FS) and this kind  Jow-pressure measurement jobs such
of long-term stability(<0.25% FS, as environmental monitoring,
6-months) into a transducer package  cleanroom pressure compensation,
so small... for a price weather and environ-

so low! mental data logging,
automotive emissions
Setra can offer Setra- testing, etc. Ranges; 600
ceram’, an ultra-stable (and 800)-1100 mb,
capacitive sensor that, along with and 0-20 psia (absolute). A 1/8"
a uniq_ue, linear ASIC, prOV_ides push-on pressure fitting and a
exceptional ruggedness, simplicity simple mounting bracket make

and precision. installation easy. Many available

Why? Because only

With extremely low power consump-  performance options.
Call 1-800-257-3872 Call or Fax for your free
copy of Setra's new
PRESSURE TRANSDUCER
|"I “IIII. |“||||| ||||II||“ HANDBOOK
IIII' T ‘“IIlII
11 LTI W

45 Nagog Park, Acton, MA 01720 « Tel: (508) 263-1400 +« Fax: (508) 264-0292

internet address: setra.systems @industry.net « homepage on world wide web: http://www.industry.net/setra.systems
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work that can be flexibly configured to
include one or more workstations, serial
supercomputers, and/or parallel super-
computers. The query manager accepts
queries formulated on the workbench,
parses them, and optimizes them for
the applicable computer(s) in the ex-
ecution engine, then passes them on
to the execution engine.

The simplest queries involve the ex-
traction of well-defined features from raw
data, without reference to any other
information. These features are regis-
tered with the information depository to
act as indices for further queries. Salient
information extracted by queries can
also be displayed via the visualization
manager. This information can be pre-

sented in the form of graphs of up to
three dimensions, statistical parame-
ters, contours, and/or animations.

This work was done by Paul Stolorz
of Caltech for NASA’'s Jet Propulsion
Laboratory. For further information,
write in 71 on the TSP Request Card.
NPO-19793

Simulation of a Thermal System With Long Lags

A computational model of the system is used to generate analog temperature signals.
Goddard Space Flight Center, Greenbelt, Maryland

A digital/analog electronic system
simulates the thermal and electrical
responses of a thermal system that
comprises a large structure with electric
heaters and temperature sensors.
“Large structure” here means a temper-
ature-controlled instrument housing or
other structure that is characterized by
thermal-response times (lags) as long as
several hours.

The digital/analog simulation system
(see figure) was devised for use in test-
ing engineering prototypes of tempera-
ture-control circuits when the thermal
systems to be controlled are not yet
available. The system can be character-
ized as analog in/analog out, with the
relationships among inputs and outputs
determined by software running in the
digital part of the system. The digital/
analog implementation was chosen
because it is impractical to simulate
lags of the order of tens of minutes or
hours by use of simple analog circuit-
ry in which the lags are established in
the customary way by use of resistors
and capacitors.

The thermal system to be simulated is
represented by a conventional multi-
node resistance-and-capacitance ther-
mal model that is implemented in soft-
ware in a personal computer. In deriving
the equations on which the software is
based, the differential equations for the
temperatures at the various nodes in the
model are converted to a first-order
matrix difference equation of the form

Ti= (Co/%Go+ Co/D) Ty +
(Go +Co/ T)_1(Qr + Qn),
where T, and T, are the vectors of
nodal temperatures at the kth and
k—1st sampling intervals, respectively;
Cy is a matrix of thermal capacitances
from the model; Gy is a matrix of thermal
conductances from the model; Q is a
vector of environmental heat inputs
from the model; Q. is a vector of heat
inputs that represent the heater power
levels commanded by the heater-control

34

voltages; and tis the sampling period.

The computer is equipped with an
analog-to-digital circuit board, which
receives the heater-control voltages
from the temperature-control circuits

would be produced by thermistors or
other suitable temperature sensors.
These analog voltages are fed as tem-
perature inputs to the temperature-con-
trol circuits under test.

Analog-to-Digital
; Converters

Digital/Analog Simulation System

Microprocessor Running
Simulation Software

| Digital-to-Analog
Converters

Control
Signals

Simulated
Thermistor
Readings

The Simulation System produces thermistor outputs like those of a thermal system with long
lags. It is used to test the temperature-control circuits in the absence of the thermal system.
The simulation system can be characterized as analog in/analog out, with the relationships
among inputs and outputs determined by software running in the digital part of the system.

under test and converts them into digital
levels. The software uses these levels to
compute the heater power that would
be commanded by each heater-control
voltage and thus computes the corre-
sponding rate of heat input for the math-
ematical model.

The software then simulates the real-
time response of the system to the
heater-control voltages, such that the
digital output of the software consists of
real-time series of digital data that repre-
sent the sampled, digitized outputs of
the temperature sensors in the simulat-
ed system. Digital-to-analog circuits in
the computer convert these digital out-
puts to analog voltages like those that

Thermal and/or electrical distur-
bances and error signals can be incor-
porated into the response of the simu-
lated system via software. For example,
the digital voltages representative of the
thermistor readings can be modified,
thereby modifying the simulated analog
thermistor readings to determine what
effect erroneous thermistor readings
would have on the behavior of the over-
all system comprising the thermal sys-
tem and the temperature controllers.

This work was done by David |.
Bergman of Goddard Space Flight
Center. For further information, write in
33 on the TSP Request Card. GSC-
13661
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“The Quiet Company” Continues to
Sign Major New Business

CAD/CAM/CAE Master Model Approach and PDM Implementation
Expertise Help Drive EDS Unigraphics Sales

sentatives and even many of

its own customers
agree that EDS
Unigraphics is a quiet
company with
remarkable techno-
logy and expertise.
The company's vision
of virtual product
development repre-
sents the ultimate o
“build-it and break-it
process” — the abili- &
ty to design (or build),
then analyze (or break) a digital
model until it meet specifica-
tions. Today's manufacturers
face critical issues, especially
the paradox of mass customiza-
tion and mass production. These
manufacturers are partnering
with EDS Unigraphics to man-
age this complexity through the
intelligent use of information
technology, turning hurdles into
competitive advantage. Here is

I ndustry analysts, press repre-

UG the worldwide foun-
dation of its computerized
product development. All
manufacturing facilities,
partners and suppliers
must now be capable of
sending and receiving
UG files electronically,
producing the product

in Unigraphics and
assuring it meets

“Perhaps because of the
close association with .
GM, EDS Unigraphics does §
not seem to get the atten- §
tion other CAD/CAM ven- |
dors do. Yet the company's
worldwide software

reveneues grew by nearly

a sampling of companies that P & W's specifications. 20 percent in 1995 and
have recently employed the P 25 i :
unique strengths of what insid- Philips Display EENLR Ny HVOT 9 porcemin

Components—the Europe.

world’s largest manufac-
turer of color picture

ers often describe as the indus-
try’s best kept secret.

Donaldson Company, headquar-  tubes—has signed a
tered in Bloomington, Minn., multiyear agreement for
USA, has signed an agreement IMAN PDM software

for the enterprise-wide global
implementation of Unigraphics
CAD/CAM technology with
on-site support and services.
Donaldson is a worldwide
leader and manufacturer of
filtration products for heavy-duty
mobile and stationary equip-
ment as well as specialized
filters for applications like com-
puter disk drives. Donaldson
selected Unigraphics based on
its flexible hybrid modeling
approach to solving design
problems, powerful assembly
modeling capabilities and inte-
grated manufacturing solution.

with implementation and
customization services. The
agreement spans five years with
an initial purchase of 750 IMAN
licenses. The selection of IMAN
for Philips’ Technical Product
Information (TPI) project follows
an extensive competitive evalu-
ation and a worldwide “demon-
strator” project centered in
Eindhoven, Netherlands, and
involving Philips’ operations in
France, USA, Taiwan and Brazil.
The Philips TPI project
provides a long-term IT founda-
tion for lowering costs and
improving time to market. By
providing true global access to
engineering data and ongoing
development through the

implementation of an electronic
PDM system, Philips will short-
en the engineering cycle and
increase the flexibility of its
manufacturing operations.

Hyosung Motors and Machinery
Inc. in Changwon, Korea, builds
motorcycles for Suzuki in Korea
as well as designs its own
motorbikes, including small cc
motorcycles and scooters.
Hyosung will take advantage of
UG’s feature modeling for ana-
lytical components and freeform
modeling for stylized compo-
nents. The company will also
develop virtual prototypes,

Pratt & Whitney of East further reducing lead times.
Hartford, Conn., USA, continues
its Unigraphics tradition, making

For More Information Write In No. 540

UNIGRAPHICS

Analyst
Perspective

“...Unigraphics becomes a ‘must
see’ product for all prospective
MCAD customers.”

“...the EDS Unigraphics approach to
interaction between a user and a
surface model represents the best
found by DHBA in high-end MCAD

products today. Unigraphics
champions the concept of a
surface ‘sheet’ body.”

“EDS Unigraphics ranks among the
leaders in concurrent assembly
modeling. Of particular note, simul-
taneous access of model compo-
nents by multiple members of a
design team embodies important
concepts rarely matched in the
high-end MCAD industry.”

“Companies who depend heavily
on assembly structures and who
require that a diverse set of engi-
neers interact with a design during
its full life cycle will discover
Unigraphics™ a powerful asset.”
*Based on testing of Unigraphics V10.5

D.H. Brown Associates

Get the power of

EDS Unigraphics and

Hewlett-Packard. Get
Unigraphics software on

HP 9000 Series 700 workstations.
For more information on
EDS Unigraphics, visit our

World Wide Web site at
http://www.ug.eds.com

or call 314-344-2687.

EDS Unigraphics
08, Unigraphics and INAN are o registved
trademarks of Bectonic Data Systams Cop. All other

o belong to0 thew
respective holders. Copyright © 1296 EDS. All rights reservad



& CFD Model of Flows in Turbopumps

The FDNS program has been extended to accommodate
the complexities of turbopump flows.

Marshall Space Flight Center, Alabama

A computational fluid dynamics (CFD)
model of flow has been developed for
use in analyzing the performances of
turbopumps. The model can be applied
to single- and multicomponent flows in
various turbopump components over a
wide range of flow speeds. Although the
model was originally intended for use in
designing rocket-engine turbopumps, it
can be used in the design and analysis
of turbopumps in general.

In the past, preliminary designs of
pump components have been based on
potential-flow analyses and empirical
data. Because of the ever-increasing
performance requirements of rocket-
engine turbopumps, designs of these
pumps have been pushed beyond the
limits of past experience. The present
model satisfies the need for an en-
hanced analysis capability to enable
progress beyond these limits. The great-
est challenge in the development of this
model was to obtain computational effi-
ciency in the presence of complex geo-
metries, terms that represent the effects
of turbulence, and large source terms

that represent the effects of Coriolis and
centrifugal forces.

The present model and the computer
program that implements it were devel-
oped by modification and extension of
the Finite Difference Navier-Stokes
(FDNS) computer program and model.
As its name suggests, the FDNS pro-
gram solves the applicable version of the
Navier-Stokes equations of flow by a
finite-difference method. The develop-
ment included the incorporation of sev-
eral submodels for simulation of flow
fields in turbomachines. Because the
centrifugal and Coriolis forces are very
large in advanced pump designs, one of
the submodels uses an implicit numeri-
cal-solution scheme to process the large
source terms.

Another submodel implements a
high-order upwind/central-difference
numerical-solution scheme plus adap-
tive second- and fourth-order dissipa-
tion terms. The high-order numerical-
solution scheme is necessary for accu-
racy of predictions of cross-stream sec-
ondary flows generated by curved blade
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passages, rotating blades, and the leak-
age past blade tips.

A third submodel is an extended k-¢
turbulence model with a special near-
wall function (k denotes the turbulence
kinetic energy, while £ denotes the dissi-
pation rate of turbulence kinetic energy).
This model was incorporated not only
to simulate separated turbulent flow
(which commonly occurs in the turbo-
pump flow environment), but also to
enable the numerical calculation to be
less sensitive to the numerical grid
spacing near the wall and to reduce the
amount of computer memory needed.

The complex geometry of turbopump
components necessitates the use of
grids that contain huge numbers of
points. Accordingly, the present model
incorporates a fourth submodel which
utilizes a multiblock, multizone method-
ology to solve the grid-generation prob-
lem in the presence of complex geome-
tries and moving interface boundaries.
Finally, a pressure-based, predictor-
plus-multicorrector solution algorithm
was selected as another submodel to
simulate the flow fields within the tur-
bopump components, which flows are
known to be influenced primarily by
pressure and turbulence.

Because of its very compact numer-
ical structure, short computation time,
and versatility for different geometries,
the present model is an efficient analyt-
ical tool for designing turbopumps. In a
process of verification of the model as
applied to various turbopump compo-
nents, the model has proven to be very
robust and capable of predicting the
turbulent flow structure of each com-
ponent. Proposals for modification of
pump designs to improve performance
have been derived from analyses con-
ducted by use of the model. Moreover,
experience gained from the extensive
numerical investigations has led to rec-
ommendations for improving the pre-
sent model.

This work was done by Gary C.
Cheng of SECA, Inc., for Marshall
Space Flight Center. No further docu-
mentation is available.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Marshall Space Flight Center [205-544-
0021]. Refer to MFS-26329.
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@ Graphics & Simulation

ELANIX, Westlake Village, CA, has
introduced SystemView32™  a 32-
| bit version of its PC-based dynamic
system simulator for communica-
tions, digital signal processing, and
signal processing and control sys-
tems. The system combines memory
management and processing capabil-
ities of Windows 95 and Windows
NT with Intel Pentium™ processors.
The system features a Dynamic System Probe, which provides real-time signal
analysis in the time and/or frequency domain. Using the probe, users can view
the output waveform produced by any functional block in real time.

The simulator runs on 386 and higher IBM-compatible PCs with 8 MB RAM
and 10 MB hard disk space. It features tools for analog, digital, and mixed-
mode design and analysis and supports mixed-mode multi-rate systems, par-
allel simultaneous systems, and internal or external data sources. The system
is available for $2950; optional communications, DSP, logic, and RF
libraries start at $525.

For More Information Write In No. 700

Dynamic Series Release 9.1 parts
design analysis and simulation soft-
ware from Moldflow, Shelton, CT, fea-
tures enhancements such as improved
data management and communications
tools, more materials information, and
stronger links to the production envi-
ronment. The software is an integrated
suite of CAE tools for simulating plastic
flow, mold cooling, molding warpage,
part stiffness and shrinkage, finished cavity size, fiver orientation, gas flow,
and thermosets flow.

A new animation capability enables the system to graphically simulate
various effects in real time or in slow motion. Models can be rotated and
scaled up or down to achieve a particular viewing angle. With texture map-
ping, surface of the part can be visualized. Other features include transla-
tor enhancements to handle various CAD files, and a database of nearly
4000 materials.

For More Information Write In No. 701

EDAX International, Mahwah, NJ, has
introduced iDXPRME digital imaging
and processing software for collec-
tion of images and x-ray maps for
microanalysis. Capabilities of the
Windows-based program include
spectra collection, editing and export-
ing data, and electron image acquisi-
tion at resolutions to 2048 x 1600
pixels. Users can raster an electron microscope beam in a selected area and
position it along a line or in a spot mode within a field of view, allowing x-
ray spectra to be collected from different areas of the image.

Image overlays; frame operations for adding, subtracting, multiplying, or
dividing images; median and selected kernel filtering; and image enhance-
ment through histogram manipulation can be performed. Image galleries
can be created, saved, and imported. Using a file preview function, a
thumbnail view of up to 144 saved images can be provided. Optional fea-
tures include quantification of x-ray data for each pixel in a map, digital
line scan, and fast x-ray mapping.

For More Information Write In No. 702

Palisade Corp., Newfield, NY, offers
@RISK™ 3.5 risk analysis and mod-
eling software for Excel 7, Windows
95, and Windows NT 32-bit applica-
tions. The software enables creation of
large simulation models that may
include thousands of uncertain factors,
and tracks the effects of risk on thou-
sands of results. Graphic overlays can
be created in Excel format for results generated in different simulations,
allowing users to compare trends in risk between simulations.

Other features include new probability distribution functions, an improved
Windows 95 interface, and the addition of risk analysis to spreadsheets with
versions available for Microsoft Excel and Lotus® 1-2-3® for Windows. Monte
Carlo simulation is used to analyze the risk in any spreadsheet model. The
software requires a 386 or higher IBM-compatible PC with Windows 95,
Windows NT version 3.5 or higher, Excel 7.0, and 8 MB of RAM. The soft-
ware is priced at $395; an upgrade from version 3.1 costs $99.

For More Information Write In No. 703

Extend™ for Power Macintosh
modeling simulation soft-
ware from Imagine That, San
Jose, CA, enables modeling of
scientific and engineering
processes and systems, and
simulates and validates ideas to
resolve “what-if” questions.
Drag-and-drop model building;
statistical and sensitivity analy-
sis; animation; sounds; top-
down, bottom-up hierarchy;
control panel interface; and user-definable modeling constructs for build-
ing libraries of blocks in any field are provided.

Before implementing changes, users model the existing process in
Extend, then experiment with various scenarios on the model of the
process, rather than the actual process. An open architecture allows shar-
ing of data between Extend and other applications. Models involving hun-
dreds to thousands of algebraic and differential equations simultaneously
can be simulated in real time. Pricing starts at $695.

For More Information Write In No. 704
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Intergraph Computer Systems, Huntsville, AL, has
announced the TDZ-310, TDZ-410, and the TDZ-610
3D graphics workstations incorporating RealiZim 3D
graphics. The systems achieve 1.2-million lit, Z-
buffered, Gouraud-shaded, 50-pixel 3D triangles per
second. RenderGL is an Intergraph-developed library
of graphics extensions which work with the OpenGL
graphics library to produce real-time, interactive 3D
graphics. The Windows NT-based systems accelerate
OpenGL, Heidi, and Direct3D graphics libraries and offer up to four 200-MHz
Pentium Pro processors.

The RealiZim graphics are offered in three models to enable system users to ren-
der complex, realistic models and animation in true color at resolutions up to 1
million, 1.3 million, or 2.5 million pixels. Optional hardware texture memory in
4-, 8-, 16-, and 64-MB modules enables bitmaps to be applied to 3D surfaces. An
optional geometry accelerator capable of up to 840 Mflops also is available. The
systems can run CAD applications such as Pro/ENGINEER and animation pack-
ages such as 3D Studio MAX and LightWave 3D. Pricing for the TDZ-310 with
one 200-MHz Pentium Pro processor, RealiZim Z-10 graphics, 32 MB of RAM, 1
GB hard disk, and the Windows NT operating system starts at $9995.

For More Information Write In No. 705
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Maxwell® SI Eminence: Software solutions for
high-frequency and high-speed design.

Analyze electromagnetic radiation from wireless communication systems, antenna/radar
systems, MMICs, RF ICs, cables and loops, cabinets, apertures.

Model critical path PCB emissions. Evaluate component level EMI and study shielding
effectiveness to proactively design for EMC compliance.

Design RF components angl sut¥systems. Evaluate the interaction between the

digital and RF portions of tglecommunication systems.
Ansoft Corporation
Four Station Square, Suite 660

Don’'t miss the mark ntact Ansoft. Pittsburgh, PA 15219-1119 USA
\\ TEL (412) 261-3200
&

FAX (412) 471-9427

MSOFT Internet Slinfo@ansoft.com
Maxwell is a registered trademark of Ansoft Corporation. WWW http://www.ansoft.com
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@ Graphics & Simulation

SmartScene™ simulation interface from
MultiGen, San Jose, CA, eliminates the key-
board, mouse, trackball or other type of
input device used to build 3D models and
virtual environments. SmartScene users can
pick up pre-rendered building blocks,
stretch the objects to desired shapes and
sizes, and place them in a virtual scene via the use of gloves equipped with
sensors and a head-mounted display. Using immersive or non-immersive vir-
tual reality, a 3D visual workspace is created

The two-handed glove interface enables positioning, scaling, and rotating to
be performed simultaneously with natural hand gestures. Fingertip touch
pads provide the functionality of two four-button mouses. A 3D model brows-
er and widget toolset lie in the palm of the hand, allowing rapid search and
selection of modeling elements. ModelTime automated behaviors enable
models to be snapped together, replicated, and scaled in size. The software
operates on Silicon Graphics Impact and Onyx workstations and is priced at
$30,000. The gloves and head-mounted display cost $2000 and $7900,
respectively. Other required equipment includes a video splitter that ranges in
cost from $8000 to $19,000 and a tracker priced at $7050.

For More Information Write In No. 706

Tanner Research, Pasadena, CA, offers
Tanner Tools MCM Pro™ multi-chip
module design
schematic capture, simulation, layout,
verification, and signal integrity
analysis of MCMs. Features include
automatic symbol creation for die ele-
ments, and a place and route tool
&l which automatically places the die
footprints, displays the connectivity via a rat’s nest, and provides auto-rout-
ing of die and pad interconnects

A 3D finite element thermal analysis solution enables optimal chip loca-
tion prior to routing. Time domain simulation using transmission lines and
vias extracted from layout, and model from electromagnetic analysis pro-
vide signal integrity analysis. IC backend tools perform design rule check-
ing, netlist extraction, and layout versus schematic comparison. The pro-
gram is available for PCs at a cost of $14,995; a Sun SPARCstation version
also is available.

software for

a8

i
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CAS.CADE Version 1.3 object-ori-
ented software application
development platform from
Matra Datavision, Andover, MA,
provides users in civil engineering,
earth sciences, robotics, and auto-
motive areas with a series of
reusable software components and
predefined  object libraries.

el Enhancements include increased
development tool productivity, extended coverage by the object libraries,
and availability of data management functions.

New topology functions include local topological operations on shapes,
creation of open solids, support of draft angles for faces, and a sewing algo-
rithm for building a single topological entity from several shapes sharing
common edges. Object libraries offer variational and parametric geometry
and a new application prototyping tool provides testing of in-progress
applications using a command interpreter, 3D viewer, and operational and
geometric commands. The program runs on Windows NT, Windows 95,
and UNIX workstations.

For More Information Write In No. 708

AC Technology North America,
Louisville, KY, has introduced C-
MOLD 96.7 molding simulation
software. Enhancements include a
Polymer Laboratory material data-
base of more than 3400 thermoplas-
tic resins with viscosity, thermal, and
mechanical data; and the Rapid
Designer suite of manufacturing
process estimators for early-stage part and mold design decision-making
before an actual simulation is launched. A process window estimator
determines both feasible and optimal melt-temperature and fill-time com-
binations.

The Microchip Encapsulation add-on incorporates pre-conditioning and
wire-sweep analyses to enhance the accuracy of reactive molding analyses
for microchip encapsulation applications. The program is available for
Hewlett-Packard, Digital Equipment, Silicon Graphics, and SUN worksta-
tions, as well as IBM-compatible PCs. The software also is available for
Intel-based PCs running Windows NT.

For More Information Write In No. 709

Version 2.5 of ENVI image pro-
cessing software from Research
Systems, Boulder, CO, is an image
processing application program for
analyzing remote sensing data. It
includes traditional image process-
ing tools and RADAR, spectral
analysis, and file handling tools for
environmental remote sensing. The
program can be used to visualize and analyze satellite or aircraft digital
imagery, including Landsat, AVIRIS, and ERS-1.

New features include state plane projections for GIS users, the ability to
add customized annotation to images, input and output file formats, hyper-
spectral processing techniques, and data fusion capability, which allows
merging of data from different sources. ENVI 2.5 is available for Windows
3.1, Windows 95, Windows NT, Macintosh, native Power Macintosh,
UNIX, and Linux environments. Pricing for PC versions starts at $3350;
workstation pricing starts at $5750

For More Information Write In No. 710

Microcal Software, Northampton, MA, has
introduced Origin 4.1 technical graphics
and data analysis software for Windows,
which includes new ternary diagram and
bubble charts, a new calibration template,
improved Sigmoidal Fit and FFT smooth-
ing, and development support for LabTalk
script users. The program is available in 16-
bit and 32-bit formats; the 16-bit format supports large amounts of data and
graphs, while the 32-bit format supports unrestricted data size and an unlim-
ited number of graphs

The data analysis and graphical presentation package allows users to enter,
graph, analyze data, and present data in a variety of customizable visual graphs
and plotting formats. A new calibration template allows engineers and techni-
cians to directly obtain calibration curves from the instrumental data. Optional
related products to enhance real-time data acquisition, 3D visualization, peak
analysis, and other laboratory tasks are available. Origin 4.1 costs $495;
$545 with the optional 3D & Contour Module.

For More Information Write In No. 711
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Integrated’s line of electromagnetic software, using the
boundary element method (BEM) performs effortlessly...so you
can analyze, customize and finalize, quickly and easily. You
save time and money through:

W immediate productivity W accurate, efficient solutions
M reduced prototyping costs M expert technical support.

“Integrated’s BEM software provides accurate results
and improves motor design cycle time without a com-
plex FEM mesh.”

Mark R. Thomas, R&D Engineering Manager,

Prestolite Electric Inc.
We're on the cutting edge of CAE design and analysis, bringing
you the most advanced electromagnetic software available
anywhere. Our high powered, user-friendly software enables
you to optimize your designs with incredible efficiency.

We provide you with sample problems plus a database of
solved industry-specific designs. Also, IGES or DXF geometry
translators and parametric definitions accelerate the synthesis
of your own solutions.

“Integrated's software optimizes our high voltage
accessory and insulator designs...reducing material
cost and enhancing performance.”

Tom Bialek, Senior Product Development Engineer,
Raychem Corporation

Count on full technical support, via phone, fax or e-mail, plus

you receive regular software enhancements each year.

Installation time and the “software learning curve” barely form
a speed bump on the road to doing good work, fast with
Integrated's software. Call today for a 30-day trial.

Electromagnetic Applications:  Solution Capabilities:

m AC/DC motors W electromagnetic fields

W switches & sensors m torque & force

| low/high voltage systems W eddy currents & ohmic losses
W magnetic systems W skin & proximity effects

W actuators mRLCG&Zo

W cables m temperature & heat flow

W other systems W trajectories

INTEGRATED
ENGINEERING SOFTWARE

Phone: (204) 632-5636 Fax: (204) 633-7780
e-mail: info@integrated.mb.ca
For More Information Write In No. 607



Electronic Components
and Circuits

Fast-Response Driver for a Magnetic Bearing or a dc Motor

Features include efficiency and bidirectional current control from a single power supply.
Goddard Space Flight Center, Greenbelt, Maryland

A fast-response, bidirectional cur-
rent-control circuit has been designed
as a prototype of improved drive cir-
cuits for inductive loads like magnetic
bearings and dc motors. This circuit
provides load current of the required
magnitude in either polarity, as needed,
from a single power supply of fixed
polarity. Unlike some older magnetic-
bearing drive circuits, this circuit does
not maintain load current at a constant
high level in the absence of control dis-
turbances; instead, it provides load cur-
rent only when required to counteract
control disturbances. Thus, the present
circuit consumes less power during
nominal operation.

The figure is a simplified schematic
diagram of the circuit. Bidirectionality of
load current from a single power supply
is achieved by use of an H-bridge, which
comprises switching transistors Q1
through Q4, diodes D1 through D4, and

resistors RS1 and RS2. The diodes help
to commutate the inductive transients in
the load current. The switching transis-
tors are operated in a self-oscillating
mode to achieve fast response and sta-
bility of control while providing load cur-
rent only as required according to the
power-saving scheme described above.

Each switching transistor is alternate-
ly driven fully “on” and fully “off.”
Resistors RS1 and RS2 serve as cur-
rent-sensing shunts; the voltages across
these resistors are fed to the input ter-
minals of differential amplifier IC1. The
output of IC1 is a voltage proportional to
the sum of currents in the two branches
of the H-bridge and thus proportional (in
both sign and magnitude) to the actual
load current. This voltage is fed to one of
the two input terminals of differential
amplifier IC2, while a control voltage
proportional to the commanded current
is fed to the other input terminal of IC2.

The output of IC2 is thus a voltage
proportional to the difference between
the commanded and actual load cur-
rents; in other words, an error signal that
can be used to adjust the load current.
This error signal is fed to one of the input
terminals of IC3, which is configured as
a Schmitt trigger with a built-in hystere-
sis. This hysteresis provides the mecha-
nism for the self-oscillation, which pro-
duces an oscillation of the load current
around the commanded value. The
amount of hysteresis and thus the fre-
quency of this oscillation is chosen
according to the amount of ripple cur-
rent desired, the effective inductance of
the load, and the power-supply voltage.

The output of the Schmitt trigger is
fed through inverters IC4 and IC5 to dri-
vers for the switching transistors in the
H-bridge. In the first half cycle of the
oscillation, the input/output state of the
Schmitt trigger and these inverters is

Driver for Q3 }—

+

=—— Power
T Supply

Load (Motor or
Magnetic Bearing)

Driver for Q1

IC5

Driver for Q2

0@
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Driver for Q4
VW VWA
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ControlQVonage <
(Current Command) %
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An H-Bridge of Switching Transistors and Diodes commutates the load current. The circuit operates in a self-oscillation mode in which the
polarity of switching in the H-bridge is repeatedly reversed to make the load current oscillate about a commanded value.
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Precision Ball Bearing
Screws

Standard precision ball screws are
available in wide range of models 3/8" to 3"
in diameter. Lead accuracies of 0.0005".
95% efficiency, controlled backlash,
smooth operation. For instant information
call our Tech Fax number 800-234-3369.
Request document 321 or Catalog P-978.

For More Information Write in No. 635

Ball Bearing Screws

Standard ball bearing screws from Warner
Electric are available in a wide range of
models, features and options. From 3/8"
to 3" diameters, dynamic load ratings to
38,000 Ibs., standard lengths to 12 feet.
Zero backlash and bearing end journals
are optional in all models. For instant
information call our Tech Fax number
800-234-3369.

Request document 300 or catalog P-626.

For More Information Write in No. 636

Linear Ball Bearings and
Shafting

Wamer Electric now has a complete line of
precision linear bearings and shafting to
enhance the largest offering of linear
motion products in the industry. For instant
information call our Tech Fax number
800-234-3369.

Request document 502 or catalog P-1039.

For More Information Write in No. 637

WARNER

Products for
Controlling
Linear Motion

o ndioy Bt W

For instant access to technical
information 24 hours a day...every
day, call our Tech Fax number

and enter the document number of
the product you are requesting.
Or call 815/389-6691 to request
a specific catalog.

Failsafe Brakes

Warmner Electric's electrically released,
spring actuated failsafe brakes. Ideal for
holding applications. Torque rating from
1.5 Ib.ft. to 200 Ib.ft. High torque, long life.
For instant information call our Tech Fax
number 800-234-3369.

Request document 221 or catalog P-873.

For More Information Write in No. 638

Rapidtrak Linear Actuators

A compact, self-contained self-supporting,
modular designed, linear actuator. Strokes
up to 22 feet. Speeds to more than 9 feet
per second. Two profile sizes. Ball screw or
belt-drive designs. AC, DC, air, hydraulic,
servo, step motor drive capabilities. For
instant information call our Tech Fax
number 800-234-3369.

Request document 431 or catalog P-958.
For More Information Write in No. 639

For More Information Write in No. 640

Programmable Actuator
Systems

The Electrak 2000 actuator offers a wide
choice of features; ball screws or acme
screws in parallel or in-line configurations.
Load rating to 2000 Ibs. Repeatability to
0.0005". Stroke lengths to 24". Speeds up
to 20"/sec. Life to 50 million cycles. They
are programmable and menu driven.
Excellent for accurate and repeatable
positioning. For instant information call
our Tech Fax number 800-234-3369.
Request document 425 or catalog P-1023.

Linear Actuator Systems

Wamer Electric's electromechanical linear
actuator systems feature full range
capacity from light load, mini-actuators to
high performance models capable of
handling loads up to 1000 Ibs. with up to
10 times more life than any actuator
available before. For instant information
call our Tech Fax number 800-234-3369.
Request document 409 or catalog P-786.

For More Information Write in No. 641



such as to cause the switching transis-
tors in the H-bridge to apply the power-
supply voltage to the load in the appro-
priate direction (e.g., by switching Q1
and Q4 on while switching Q2 and Q3
off) such that the load current builds up
to a threshold value equal to the com-
manded current plus the increment of
current that corresponds to the hystere-
sis of the Schmitt trigger. When this
threshold is reached, the Schmitt trigger
reverses its state and the circuit goes

into the second half cycle of the oscilla-
tion, in which the power-supply voltage
is applied to the load in the opposite
direction (e.g., by switching Q2 and Q3
on while switching Q1 and Q4 off), so
that the load ramps down a threshold
value equal to the commanded value
minus the hysteresis increment. The
cycle then repeats.

If the commanded current is changed,
then the appropriate switching transis-
tors are driven to apply the source volt-

age in the appropriate direction until the
actual load current reaches the new
commanded current plus or minus the
hysteresis increment. Thereafter, the cir-
cuit oscillates about the new command-
ed load current.

This work was done by John
Paulkovich and G. Ernest Rodriguez of
Goddard Space Flight Center. For fur-
ther information, write in 53 on the TSP
Request Card. GSC-13717

Synchronizing the CD4047B Monostable/Astable Multivibrator

Two techniques provide for synchronization with external oscillators.
Goddard Space Flight Center, Greenbelt, Maryland

Two techniques for synchronizing the
CD40478B integrated circuit with exter-
nal oscillators have been devised. The
CD40478B is a low-power complemen-
tary-metal-oxide/semiconductor
(CMOS) circuit that can be configured,
via external connections, to operate as
an astable or as a monostable multivi-
brator. The two techniques apply to the
astable mode of operation.

The top part of the figure illustrates
one of the techniques for synchroniza-
tion. The signal from an external square-
wave oscillator is coupled through differ-
entiator C;, R; and switching diode D1
on the way to the CD4047B. To make
synchronization possible, the external
oscillator must oscillate at a frequency
greater than the free-running frequency
of oscillation of the CD4047B in the
astable mode. When the external oscil-
lator fails, the CD4047B reverts to the
free-running frequency.

The bottom part of the figure illus-
trates the other technique for synchro-
nization. This technique is suitable for
use in conjunction with optional use of a
divide-by-2 circuit that is part of the
CD4047B. In this technique, the differ-
entiator and switching diode of the pre-
ceding technique are replaced with a dif-
ferent diode. In this case, during syn-
chronization, the external oscillator runs
at twice the desired output frequency of
the CD4047B and a D flip-flop that is
part of the internal divide-by-2 circuit is
triggered on the positive-going edges of
the signal from the external oscillator. As
before, the frequency of the external
oscillator must exceed the free-running
frequency (in this case, the free-running
frequency before division by 2), and
when the external oscillator fails, the cir-
cuit reverts to the free-running frequency
with output at the free-running frequen-
cy divided by 2.

44

This work was done by David Galosky
and Steven Scruggs of Goddard
Space Flight Center. For further infor-

mation, write in 29 on the TSP Request
Card. GSC-13630
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The Signal From an External Oscillator used to synchronize the CD4047B can be fed
through either of two input circuits, depending on whether a divide-by-2 circuit inside the
CD4047B is used. While running freely (that is, without external synchronization), the
CD4047B generates square-wave oscillations at a frequency determined by external capaci-
tor C, and resistor R,. C, must exceed 100 pF, while R, must be less than 10 kQ.
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Plot it! Stat it! Fit it! Count it!
Measure it! Jandel’s got it!

Introducing the latest generation of the Jandel software family

Jandel Scientific Software announces a new generation of our product family - incdluding many fast new 32-bit versions for Windows 95,
NT and 3.1. Now, with OLE 2, you can use a Excel spreadsheet inside SigmaPlot and SigmaStat - or you can directly edit an embedded
graph within Microsoft Word. Jandel Scientific - the leading family of scientific and engineering software since 1982.

. _ , SigmaScan Pro

From nonlinear regressions Advises on the test to use, IMAGE ANALYSIS
to multiple axes per graph, checks for violations in under- Easy, accurate and low-cost. The power of SigmaPlot,
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Pulse Generator With Expanded Ranges of Adjustability

Adjustments are made by setting potentiometers and without switching capacitors.
Goddard Space Flight Center, Greenbelt, Maryland

A pulse generator has been developed
to overcome some of the limitations of a
commercial general-purpose laboratory
pulse generator. This pulse generator is
designed to supply short-rise-time and
short-fall-time pulses simultaneously to a
continuous load and to high-current
power metal oxide/semiconductor field-
effect transistors (MOSFETs) that have
capacitive input impedances. Like the
commercial unit, this pulse generator is
also suitable for use as a laboratory

instrument that provides periodic wave-
forms of adjustable repetition frequency,
adjustable pulse duration, and adjustable
amplitude with minimal output waveform
jitter at low frequencies.

In the commercial unit, the frequencies
and durations of pulses are adjusted by
varying settings of potentiometers within
frequency and duration ranges that are
selected by switching capacitors of vari-
ous values into and out of a timing cir-
cuit. The frequency- and duration-range

switches are interlocked at coincident
settings in a manner that is dictated by
the fundamental limitations of the timing
circuit and that imposes limits on the
ranges of attainable combinations of fre-
quency and duration settings.

The present pulse generator operates
similarly, but the limits are less severe.
Moreover, this pulse generator covers
much wider frequency and duration
ranges via potentiometer settings alone,
without switching of capacitors; for
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Pulse-repetition frequency: adjustable from 14.7 Hz to 167 kHz
Pulse duration: adjustable from 2 us to 68 ms, with duty cycle from 20 to 80% at 100 kHz and with a nearly infinite duty cycle at low frequencies
Pulse amplitude: adjustable from 510 17V

This Pulse Generator Is Adjustable, via potentiometer settings, over a relative-frequency range of more than 10,000:1, with no interaction
between pulse-frequency and pulse-duration adjustments.
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example, it can be set to pulse periods
from 6 us to 68 ms (pulse-repetition fre-
quencies from 167 kHz to 14.7 Hz) and
pulse durations from 2 ps to 68 ms, all
with a single timing capacitance value,
whereas it takes five switched-capacitor
frequency settings and five switched-
capacitor duration settings to cover the
same ranges in the commercial unit.

The pulse generator is based on one of
the versions of a popular integrated-cir-
cuit timer that is commonly denoted in
the industry as “555" with various letter
prefixes and suffixes. The design of the
555 timer, however, limits the magnitude
of the timing-capacitor discharge current
through an internal discharge transistor.
In addition, one must limit the power dis-
sipated within the timer circuit. For a
complex of reasons that cannot be
explained in the space available for this
article, these limits on current and power
give rise to similar frequency- and dura-
tion-range limitations described above
for the commercial unit.

The present pulse generator is de-
signed to circumvent these inherent
discharge current and power limits.
This circuit (see figure) contains two
LM555CN or LMC555CN timers; one of
them functions as an astable oscillator,
the other as a variable-pulse-duration
one-shot. A separate 2N2907A pnp
transistor is connected to each timer to
discharge the corresponding timing
capacitor, instead of using the discharge
transistor within the timer. This modifi-
cation circumvents the discharge-cur-
rent limit. Furthermore, because the
external transistor also diverts the con-
stant-load component of the current
through the charging resistors away
from the internal discharge transistor,
this modification also reduces the power
dissipated in the timer. The 2N3763 tran-
sistor prevents further charging and dis-
charge of the one-shot timing capacitor
until the proper time to prevent interac-
tion between the pulse-frequency and
pulse-duration adjustments and to elimi-
nate an instability, also present in the
commercial unit, where the output fre-
quency suddenly halves while attempt-
ing to establish a relatively high duty
cycle. The 2N4351 insulated-gate FET
isolates the one-shot output from the
TSC428 dual-MOSFET driver to mini-
mize output waveform jitter and also
acts as a step-down voltage-level shifter
to meet the specified safe operating limit
of the MOSFET-driver input.

Overcoming the current and power
limits makes it possible to use discharge
and timing resistances much lower, and
capacitances much higher, than those
recommended in the 555-timer literature
for the desired pulse frequencies and

NASA Tech Briefs, August 1996

Expandable Notebook Data Acq

The 12- or 16-bit 100 kHz DagBook™ portable
data acquisition systems for notebook and desktop
PC’s are expandable up to 256 analog inputs and
192 programmable digital /O channels. The
compact units offer five counter-timers, as well as
10 ps/channel scanning and gain switching over all
channels. The DagBooks are available with signal
conditioning for thermocouple, RTD, strain gage,
accelerometer, high voltage, high isolation, and
many other signal types. They include wide-rang-
ing software support, and are operable via AC, DC,
or battery power. From $1095.

I0tech, Inc. 216 439-4091. Write in No. 421
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!
...for unprecedented
performance

Build high-precision, animated
screens for visual display. Build
interactive screens to control
real-time applications.

SL Graphical Modeling System (SL-GMS)

a fully object oriented graphics tool —

the most advanced available — dramatically
simplifies your work in creating interface
screens of any complexity and animating
them with your application data. The
screen you build with SL-GMS is more than
a prototype — it is your high performance,
optimized graphics product.

W Freeway monitoring system

SL supports UNIX (and X Window) on SUN, HP,
IBM, MIPS, DEC (VAX/Alpha, OpenVMS/OSF-1).
Intel: Windows NT, 05/2, SCO, QNX®. SL-GMS
generates pipeline display-code to reach real-
time, native speeds on SGI.

For more details call: 1-415-927-1724

Since 1984

Sherrili-Lubinskl

SL Corporation

240 Tamal Vista Bivd.

Corte Madera , CA 94925

© 1996 Sherrill-Lubinski Corporation

All trademarks and registered trademarks

mentioned are property of their respective companies.

For More Information Write In No. 407

durations. Because the timing capacitors
are now discharged much more rapidly,
output pulse durations as short as 2 ys,
much higher frequencies, and a broader
frequency range can be obtained with
only one timing capacitance value.

This work was done by George J.
Stahl of Goddard Space Flight Center.
For further information, write in 50 on
the TSP Request Card. GSC-13650

Noncontact Measurement of

Stress on a Rotary Machine Part
A magnetic probe transduces stress via the

magnetostrictive effect.

Lewis Research Center, Cleveland, Ohio

A simple magnetic probe exploits the
magnetostrictive effect to take noncon-
tact measurements indicative of stress
on a turbine blade, impeller, or other part
of a rotor in a rotary machine. A typical
older stress sensor (e.g., an electrical-
resistance strain gauge) is mounted on
the part of interest, and either a radio
transmitter powered by a battery or a
combination of wires and sliprings must
be used to transmit the measurement
signal from the moving sensor to signal-
processing circuitry outside the station-
ary machine housing. The present mag-
netic-probe technique can be imple-
mented with smaller, more reliable, and
cheaper equipment; in particular, it elim-
inates the need for radio transmitters
and sliprings.

The probe is only 3/8 in. (9.5 mm) in
diameter. It contains two permanent
magnets and a pickup coil. As shown in
the figure, the probe is positioned near

the circular trajectory of the part of inter-
est. The surface of the part of interest is
covered with a lightweight film of mag-
netostrictive material only 0.001 in.
(0.025 mm) thick.

The stress on the part of interest
alters the magnetic properties of the film
and thus alters the magnetic field that
results from the interaction between the
permanent magnets and the magne-
tostrictive material. The net effect of the
alteration is a variation in the amplitude
of the magnetic-field variation sensed
by the probe.

This work was done by Sarkis
Barkhoudarian of Rockwell International
Corp. for Lewis Research Center. No
further documentation is available.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-2320.
Refer to LEW-15721.
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The Magnetic Pickup Coil emits changing signals as stress changes the magnetic proper-

ties of a magnetostrictive film on the rotor.
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Rechargeable Lithium-lon Cells Containing

Mg.Si Anodes

Test data indicate retention of substantial capacity after 70

charge/discharge cycles.

NASA’s Jet Propulsion Laboratory, Pasadena, California

Ambient-temperature rechargeable
lithium-ion electrochemical cells contain-
ing Mg.Si anodes are undergoing devel-
opment. Mg,Si is a commercially avail-
able compound into which lithium can
be intercalated. In comparison with lithi-
um itself and with carbon-based lithium-
intercalation materials that have been
tried thus far, Mg,Si as the anode mate-
rial offers potential advantages of greater
safety and longer cycle life.

The charge/discharge cycle lives of
cells containing lithium anodes tend to
be terminated prematurely by short-cir-
cuiting caused by the growth and pene-
tration of lithium dendrites through the
anode/cathode separators. The approach
taken in recent developments (including
the present development) to solve the
safety and cycle-life problems has
been to use lithium alloys and other
lithium-intercalation materials that ex-
hibit lithium activities lower than that of
pure lithium.

Carbon-based materials have been
investigated for use as lithium-intercala-
tion anode materials because of their
low equivalent weights, low voltages
versus lithium, and chemical stability
in the presence of various electrolytes.
However, the carbon-based materials
have exhibited various deficiencies: For
example, graphite (which has twice the
lithium capacity of coke) is vulnerable to
short-circuiting by dendrites during
charging because its potential is too
close to that of elemental lithium. More-
over, development problems are com-
plicated by the fact that the electro-
chemical properties of carbon-based
materials depend strongly on which
electrolytes are used.

Mg.Si was selected as a candidate
lithium-intercalation anode material be-
cause its electrochemical behavior is

the capacity-vs.-cycle-life data present-
ed in the figure, the tests showed that
the cell exhibited a high degree of lithium

0.2+
0.1+
0.0 T T T T T
0 10 20 30 40 50 60 70 80
Cycle Number

Discharge Capacities were measured during 70 charge/discharge cycles of a Mg,Si-
anode/electrolyte/LiCoO,-cathode cell at a current density of 0.362 mA/cm®.

similar to that of carbon-based materials
in some ways, yet advantageously dif-
ferent in other ways. The open-circuit
potential of Li,Mg,Si versus Li is greater
than that of graphite. The intercalation
of Li in Mg,Si is highly reversible.

An experimental cell containing a
Mg,Si anode and a LiCoO, cathode was
built and tested. In addition to yielding

reversibility, two major voltage plateaus,
and specific capacity and potential sim-
ilar to that of graphite.

This work was done by Chen-Kuo
Huang, Subbarao Surampudi, and
Gerald Halpert of Caltech for NASA’s
Jet Propulsion Laboratory. For fur-
ther information, write in 95 on the TSP
Request Card. NPO-19561

A Current-Control Circuit for an Inductive Load
Lyndon B. Johnson Space Center, Houston, Texas

A circuit that drives an inductive load
includes a functional block that samples
the load current and produces a dc volt-
age proportional to the sampled current.
This voltage is compared to a command
voltage and any error (difference be-
tween them) is integrated and converted

to a voltage pulse train. The pulse train
serves as input to a field-effect transistor
that switches power to the load. The fre-
quency of the pulse train is made as high
as practical to minimize the size and
weight of components needed to filter
out electromagnetic interference.

This work was done by Carlisle
Dolland of Allied Signal, Inc., for
Johnson Space Center. For further
information, write in 44 on the TSP
Request Card. MSC-22507
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@ Electronic Systems

Performance-Seeking Control System for Aircraft
Fuel efficiency, thrust, and other measures of performance are enhanced.
Dryden Flight Research Center, Edwards, California

Flight tests have been conducted on ing control (PSC) system to demonstrate sion system of an aircraft to improve the
the NASA F-15 research aircraft equip- that optimal-control technology can be total performance of the aircraft. Further
ped with a prototype performance-seek- applied to an integrated airframe/propul- development of this technology can be

Figure 1. The NASA F-15 Research Aircraft is a high-speed, high-performance airplane that contains a highly integrated digital electronic con-
trol (HIDEC) system.

e [I— Digital
*

Digital Flight F-15 HIDEC Digital Inlet - Engine
ool Horizontal Tail ‘ T Sl ¢ 3 Control

Inlet Parameters A Cowl |ARamp
A A Airflow
Aircraft and Optimization A Fan Speed
Fggl; rg:'r;trrsl Reaktime, On-Li A Fan Vane Position
Optimization foprmst_, A Core Vane Position Engine Parameters
Fo Clowy; s Engine-t ¥e A A/B Fuel Flow
A Nozzle Position
T A Engine Pressure Ratio
Modeling
4
Inlet and Estimation
Horizontal-Tail
Models
l T Real-Time Parameter
Identification (Kalman Filter)
Nozzle Compact Compact Deviation Parameters
Model % E'Mo"’;‘e'f Dynamic Engine Model

Figure 2. Performance-Seeking Control involves estimation, modeling, and optimization processes, which are implemented in the HIDEC sys-
tem by the PSC algorithm.
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expected to prove beneficial in both
civil and military aircraft by maximiz-
ing fuel efficiencies, maximizing thrusts,
or prolonging the operational lives
of engines.

The prototype PSC system resides in
the digital electronic flight-control system
of the NASA F-15 research aircraft (see
Figure 1), which is a high-performance
airplane capable of speeds in excess of
mach 2. The F-15 is powered by two
F100-derivative (PW1128) afterburning
turbofan engines. The PSC system exe-
cutes adaptive, model-based control
algorithms formulated to optimize the
quasi-steady-state performance of the
F-15 propulsion system. The PSC sys-
tem can function in any of three opti-
mization modes:

e Minimum fuel flow at constant thrust,

e Minimum turbine temperature at con-
stant thrust, and

e Maximum thrust at maximum dry and
full afterburner throttle settings.

The PSC algorithm implements esti-
mation, modeling, and optimization
processes (see Figure 2). The estimation
process involves a Kalman-filter estima-
tion of five component deviation para-

meters designed to account for the
off-nominal behavior of the engine
during flight. The estimated compo-
nent deviation parameters are used
to update the compact engine model
(CEM) (a mathematical model of
engine and inlet flow conditions in
response to control inputs) to reflect
actual engine operation, which can
vary from engine to engine; this is
the adaptive feature of PSC. The
modeling process starts with the
CEM to estimate unmeasured engine
outputs required to obtain an opti-
mal solution.The CEM is then aug-
mented with models of the inlet, noz-
zle, and horizontal tail to formulate a
model of the complete aircraft. Flight
measurements are used to look up
model data and as direct inputs to
the Kalman filter and the CEM. The
optimization process then analyzes
the augmented model (for one of the
three modes of operation) and pro-
duces a set of optimal variables,
which are sent to the inlet and en-
gine controllers.

The flight tests were conducted at both
subsonic and supersonic speeds. The

results of the flight tests indicate that
substantial benefits were obtained from
the F-15 PSC algorithm. In the maxi-
mum-thrust mode, thrust levels were
observed to increase as much as 15
percent at subsonic and 10 percent at
supersonic speeds. In the minimum-
turbine-inlet-temperature mode, tem-
peratures were observed to be reduced
by as much as 100 °F (56 °C) at high
altitudes. In the minimum-fuel-flow
mode, fuel-consumption rates were
found to be reduced by as much as 2
percent in subsonic and 10 percent in
supersonic flight. On the basis of
these results, it appears that the initial
objectives in developing PSC technol-
ogy have been achieved and that PSC
technology can provide significant
benefits for the next generation of
fighter airplanes or any other aircraft
in which there is a high degree of inte-
gration between the airframe and the
propulsion system.

This work was done by G. B. Gilyard
and John S. Orme of Dryden Flight
Research Center. For further informa-
tion, write in 77 on the TSP Request
Card. DRC-95-16

Generating Widerange Linear Frequency Sweeps
Sweeps at optical, microwave, and lower radio frequencies can be linearized.
NASA’s Jet Propulsion Laboratory, Pasadena, California

A photonic/electronic apparatus has
been devised for generating optical sig-
nals and/or electrical signals at mi-
crowave or longer wavelengths, with fre-
quencies that are precisely linear func-
tions of time over wide frequency
ranges. The apparatus (see figure) is a
prototype of signal generators that
would produce the ultralinear, wideband
swept-frequency signals that are need-
ed for high performance in such applica-
tions as chirp radar and guerying of mul-
tiple fiber-optic-coupled sensors.

In this apparatus, the frequency sweep
rate of a radio-frequency sweep genera-
tor (a voltage-controlled oscillator con-
trolled by a ramp signal) and a long fiber-
optic delay line are used to generate
another signal with a fixed low frequency
that is directly related to the sweep rate
and that can be locked to a stable, fixed-
frequency reference. The swept-radio-
frequency signal is amplitude-modulated
onto an optical carrier generated by a
laser, and the resulting optical signal is
coupled into the near end of the fiber-
optic delay line. The optical signal travels
to the far end of the delay line, where it is
reflected. Upon returning to the near end,
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the delayed (output) optical signal is cou-
pled into a photodiode along with the
nondelayed (input) optical signal.

The difference between the phases of
the amplitude modulation on the input
and output signals changes at a rate w'=

Quarter Optical Fiber
Waveplate | Photodetector | (Delay Line)
Voltage- O 45°
Controlled |—p- B@::r - ] - »| Faraday O_utpﬂ
Oscillator a0 Rotator
? s Partial
olarizing Mirror
Lpop Beani Photodetector
Filter Splitter
RF Mixer
Phase
Detector
Ramp Low-Pass Low-Pass
Generator Filter Filter
Reference
Oscillator

The Frequency-Sweep Rate Is Stabilized by using the fiber-optic delay line to convert the
sweep rate to frequency @’ and locking @’ to the stable frequency reference.
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ar, where ais the frequency-sweep rate
and tis the delay. Therefore, the mixing
of the input and output modulation sig-
nal in the photodiode introduces a com-
ponent at a frequency of @' into the pho-
todiode output current. This frequency
is forced to be constant by phase-lock-
ing it to the stable frequency reference.
Then provided that the delay remains
constant, the sweep rate is also forced to
remain constant; in other words, the fre-
quency sweep is forced to be linear.
The phase lock needed to stabilize
and a is accomplished as follows: The

High-Resolution-
Radar and Power-
Transmission

System

NASA’s Jet Propulsion
Laboratory, Pasadena,
California

A proposed millimeter-wave radio
system would provide high-resolu-
tion-radar for detecting debris as
small as 1 mm orbiting the Earth and
for mapping asteroids out to dis-
tances of Mars’ closest approach. It
would also provide a concentrated,
sharply aimed beam for wireless
transmission of propulsion power to
place a 30-kg satellite in low orbit
around the Earth or to a rectenna-
equipped LEO spacecraft for battery
recharging or supplementary dc
power. The system would include a
phased array of 3,000 dish antennas
of 9-m diameter mounted on the
ground. The transmitting equipment
at each antenna would include a
gyrotron operating at a peak power of
1 MW, average power of 10 kW, and
carrier frequency of 245 GHz. The
signals at the various antennas would
be phase-locked via quasi-optical
circulators. The receiver at each
antenna would be cooled to a tem-
perature of 200 K. The transmitter
and receiver at each antenna would
be diplexed by use of a flip mirror.

This work was done by Richard M.
Dickinson of Caltech for NASA's Jet
Propulsion Laboratory. For further
information, write in 9 on the TSP
Request Card.

NPO-19791
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w'-frequency component of the photo-
diode output is mixed with the signal
from the stable frequency reference.
The mixer output constitutes an error
signal, which is added to the ramp sig-
nal to correct the sweep rate a. The
correction of a is accompanied by a pro-
portional correction in @ and thus clo-
sure of the phase-lock loop.

This work was done by George F.
Lutes of Caltech for NASA’s Jet
Propulsion Laboratory. For further
information, write in 16 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-19722, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.
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Aircraft Maneuver-Envelope Warning System
A pilot obtains a rapid update on parameters relative to operational limits.

Ames Research Center, Moffett Field, California

An analog/digital electronic sensor- approaching or exceeding the opera-
and-display system informs an aircraft tional limits. Such limits in combination
pilot of the degree to which the aircraft is (including, for example, the maximum
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A String of Colored Lights serves as an intuitive, easy-to-read indicator of the status of an
aircraft relative to its maneuver envelope. Because of the arrangement of colors, the pilot can
read the display with peripheral vision while attending to other things.
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allowable sideslip and the maximum
allowable vertical acceleration or load for
a given forward speed) are denoted col-
lectively as the maneuver envelope of
the aircraft. With the help of the present
display system, a pilot is relieved of
some of the burden of repeatedly inter-
preting the complex of readings of such
instruments as the airspeed indicator,
vertical-acceleration meter, and engine
gauges to determine whether the aircraft
remains within operational limits. In-
stead, the display system provides an
easily and rapidly readable summary
indication of status of the aircraft.

The display consists of a horizontal
row of colored lights over the aircraft
instrument panel (see figure). Green
lights in the center indicate that the air-
craft is operating within the maneuver
envelope. The green lights are flanked
by yellow lights, which indicate the air-
craft is approaching the limits of the
envelope. At the outermost edges are
red lights, which indicate that the aircraft
is exceeding the limits.

The analog outputs of air-data sensors
and a vertical accelerometer are digitized
and fed to a random-access memory
(RAM) in a computer. The sensors re-
peatedly update the RAM with fresh
data. The central processing unit (CPU)
in the computer compares the sensed
forward speed, sideslip speed, and verti-
cal acceleration with corresponding
maneuver-envelope values. The software
and the maneuver-envelope data need-
ed for these computations are stored in
a read-only memory. The digital output of
the CPU is converted to an analog volt-
age indicative of the status of the sensed
operating parameters relative to opera-
tional limits. This voltage controls the
display of colored lights. Optionally, on
its way to the display circuit, this voltage
can be fed through a filter to prevent the
display from changing too rapidly for the
pilot to read.

This work was done by Courtland C.
Bivens, Joel M. Rosado, and Burnett
Lee of Ames Research Center. fFor
further information, write in 84 on the
TSP Request Card.

This invention has been patented by
NASA (U.S. Patent No. 5,359,326).
Inquiries concerning nonexclusive or
exclusive license for its commercial
development should be addressed to
the Patent Counsel, Ames Research
Center; (415) 604-5104. Refer to ARC-
13375.
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Physical Sciences

Micromachined Electrostatic Charged-Particle

Energy Filters

Arrays of these devices would perform equivalently to larger, heavier electrostatic lenses.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Micromachined electrostatic lenses of
a type called “Bessel boxes” are being
developed for use in compact, light-

weight instruments for measuring the
kinetic energies of electrically charged
particles traveling in laboratory or outer-

Insulator

Entrance
Hole

gp  Energy

Figure 1. A Bessel Box is an electrostatic lens that can be used, in conjunction with a suit-

able detector, as an electrostatic analyzer (that is, as an electrostatic energy filter).

space vacuums. A planar n x n array of
these devices could provide an accep-
tance area and thus a signal level equal
to that of a conventional single-aperture
electrostatic lens. However, because of
the miniaturization of the devices, the
weight and thickness of the array would
be only about 1/n those of the conven-
tional electrostatic lens.

A Bessel box according to the origi-
nal and basic concept (see Figure 1)
includes a cylindrical metal can with
holes in the end caps that are electri-
cally insulated from the cylindrical side
of the can. The straight axial path
through the end holes and the center
of the can is blocked by a beam stop —
a small obstacle placed in the center.
DC voltages are applied between the
end caps and the cylindrical side to
create an electrostatic potential barrier
that defines the low-energy cutoff for
the energy-filtering function in the cen-
ter of the device: charged particles that
enter the can through the hole at one

26 mm

Vo-AV

Figure 2. This Linear Array of Micromachined Bessel Boxes is an experimental version and prototype for development of much larger arrays.
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end must possess enough kinetic energy
to surmount this barrier, or else they can-
not reach the exit hole at the other end.

The central beam stop establishes the
high-energy cutoff of the energy-filtering
function by virtue of the tendency of
higher-energy particles to travel in more
nearly straight lines. The electrostatic
field from the applied voltages does not
deflect the high-energy particles enough
to bend their trajectories sufficiently
around the beam stop to enable them to
reach the exit hole. The band-pass ener-
gy (E,) of the filter is centered just above
the potential barrier (V). The energy res-
olution (AE) of the filter is a function of
the dimensions of the can and is propor-
tional to the difference, AV, between the
voltage applied to the side and the volt-
age applied to the end caps. A typical
Bessel box according to the original
concept has a length of 10 cm and a
diameter of 5 cm.

Figure 2 shows an experimental linear
array of four micromachined Bessel
boxes with rectangular, line-focus geo-
metry instead of the cylindrical, point-
focus geometry described above. The ar-
ray was assembled as a stack of seven
micromachined silicon wafers that were
aligned within a few micrometers and
bonded together. The choice of rectan-
gular geometry was necessitated by the
choice of micromachining technique and
material; namely, anisotropic etching of
<110>-oriented silicon crystal wafers
with a KOH solution, using etching
masks made of thermally grown SiO..

The electrodes were deposited by elec-
tron-beam evaporation of Ti, Pt, and Au.
The distances between electrodes are
maintained by silicon spacers, covered
with thermally grown SiO, 1 um thick.

The performance of the array was test-
ed in preliminary experiments, using
Auger electrons from graphite and cop-

per targets. The data from these experi-
ments were found to agree well with
those from computer simulations.

This work was done by Roland E.
Stalder, Thomas R. VanZandt, Michael H.
Hecht, and Frank J. Grunthaner of
Caltech for NASA's Jet Propulsion
Laboratory. For further information,
write in 10 on the TSP Request Card.

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

William T. Callaghan, Manager

Technology Commercialization

JPL-301-350

4800 Oak Grove Drive

Pasadena, CA 91109
Refer to NPO-198365, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.

Measuring Heat Flux via a Transparent/Opaque

Surface Layer

Heat flux is measured radiatively, from a distance.
Lewis Research Center, Cleveland, Ohio

A technique for noncontact mea-
surement of the flux of heat through a
test surface incorporates elements of
both (1) the basic contact-type heat-
flux-measurement concept and (2) the
basic spectral radiative temperature-
measurement concept. The technique
also exploits the unique optical proper-
ties of a layer of material that is applied
to the test surface for the purpose of
this measurement.

As in a contact-type measurement,
the heat flux through the test surface is
computed as the heat flux through a
layer of material, one of the surfaces of
which is in contact with the test surface.
In Figure 1, the test surface is in contact
with surface 2. The equation for this
measurement is g = K(T,—T,)/t, where ¢
is the rate of flow of thermal energy per
unit area conducted through the layer
from surface 2 to surface 1, xis the ther-
mal conductivity of the layer, t is the
thickness of the layer, and T, and T, are
the temperatures of surfaces 2 and 1,
respectively. In a contact-type mea-
surement, 7, and 7; would be mea-
sured with thermocouples; in the pre-
sent technique, 7, and T; are measured
radiatively as explained below.

Ideally, the material chosen for the ap-
plied layer would be (1) totally opaque
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and highly emissive in a range of wave-
lengths that would be used for spectral
radiative measurement of 7, and (2)
totally transparent and nonemissive in
another range of wavelengths that
would be used for spectral radiative
measurement of T,. Thus, the thermal

radiation from the two surfaces as
viewed from a distance would be segre-
gated into distinct spectral regions.
Then T, and T; could be measured indi-
vidually by use of a multiwavelength
pyrometer, taking advantage of the
spectral selectivity of this instrument

Heat Flux, g

Test Surface at Temperature T,
Outer Surface at Temperature T,

Layer of Material (e.g., Sapphire) With Known Thermal
Conductivity and Unique Spectral Transmissivity and Emissivity

Figure 1. The Heat Flux Through the Test Surface is determined from T,, T,, and the
known thickness and thermal conductivity of the layer of material in contact with the test
surface. T, and T, are measured by multiwavelength pyrometry.
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to distinguish between the T, and T,
components of the spectrum. |

In an initial experiment to demon-
strate the technique, sapphire was
chosen as the surface material be-
cause its spectral transmissivity and
spectral emissivity approximate those

| Your brother-in-law

Figure 2. The Measured Spectral Emis- ‘

sivity and Transmissivity of an 8-mm-thick ‘ ’
piece of sapphire used in an initial experi- ‘

ment approximate the ideal spectral char-

acteristics needed in this technique. ‘ comnuOus smnge
o i sl Al wesisiengiis < 4 145, B on the lanet.
exhibits high transmissivity and low ‘

emissivity, while at wavelengths > 6
um, it exhibits high emissivity and low

transmissivity (see Figure 2). Thus, a
multiwavelength pyrometer observing
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Particle-Tracking Velocimetry With Fuzzy Logic
Fuzzy logic is well-suited to tracking particle images according to loosely defined rules.
Lewis Research Center, Cleveland, Ohio

Fuzzy logic provides the mathematical
basis for a computationally robust and
economical method of particle-tracking

ocimetry is closely related to other
velocimetric methods denoted by simi-
lar names like “particle-displacement

velocimetry (PTV). Particle-tracking vel- tracking” (PDT) and “particle-image vel-
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ocimetry” (PIV); these methods have
been described in several previous
articles in NASA Tech Briefs. These
methods involve various degrees of
manual intervention and/or processing
of image data by hardware- and com-
putation-intensive techniques like corre-
lation of image densities. The present
method, called “fuzzy PTV,” is an attrac-
tive alternative to correlation-based
methods because no specialized hard-
ware is necessary for reduction and
analysis of data. Moreover, direct digital
recording of the particle images can
simplify the processing of image data.
The fuzzy process can be executed in
software on a personal computer, with-
out using specialized array or fuzzy-
logic processors.

The overall task is to estimate the
velocity field in one plane of a flowing lig-
uid by seeding the liquid with small,
highly reflective particles, illuminating
the plane of interest with intense light
from a pulsed laser or other source,
recording a sequence of images of the
iluminated particles over a short time,
and processing the image data to
determine local velocity vectors from
displacements of particles. Some me-
thods involve processing of data from
multiple-exposure, single-frame pho-
tographs. Other methods involve seq-
uences of two or more single-exposure
photographic or video images on inde-
pendent frames; fuzzy PTV is such a
method, and requires only two single-
exposure frames.

The image data from the two frames
are acquired directly from a charge-cou-
pled-device video camera. The data
from each frame are processed inde-
pendently to determine the particle-im-
age centroids. The centroid locations
are stored and used to determine candi-
date displacement vectors. Velocity vec-
tors are calculated by dividing the dis-
placement vectors by the interexposure
time. Of course, the big problem in
constructing the velocity vectors is to
determine which particle-image cen-
troids in the second frame represent the
subsequent positions of which particle-
image centroids in the first frame.

The centroids in the first frame are
used as starting points for candidate
particle displacements. The user speci-
fies a search radius, typically between 10
and 20 pixels, that defines a circular
region around each first-frame centroid,
and a search for second-frame centroids
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Data Acquisition
Direct To Tape At 12 MBS

42 GB uncompressed
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providing the high capacity needed
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is conducted within each such region.
Each vector from a first-frame centroid to
a second-frame centroid within its search
region is a candidate displacement vec-
tor. In areas of high data density, search
regions could overlap, so that many first-
frame centroids could be found compet-
ing for the same second-frame centroids.
All candidate displacements in each
search region are recorded and stored as
lists of candidate displacement vectors
for the particle in question.

In fuzzy PTV, a fuzzy inference proces-
sor operates on the lists of candidate dis-
placement vectors to determine the most
likely displacement vector for each parti-
cle represented by a first-frame centroid.
The list of vectors for each first-frame
centroid is compared with the corre-
sponding lists for all the other first-frame
centroids. If two first-frame centroids
claim the same second-frame centroid
(see figure), then all possible vector pairs
that involve these two first-frame cen-
troids are compared. The main assump-
tion is that if the particles represented by
two first-frame centroids are close
enough to claim the same second-frame
centroid, then their velocities are probably
almost the same, so that the pair of vec-

tors that most resemble each other in
direction and magnitude must be the cor-
rect pair of displacement vectors for the
two particles.

Fuzzy logic is well-suited to this appli-
cation for the same reason that has
made it useful in controlling complex sys-
tems; it is capable of making control
decisions from incomplete and imprecise
input data according to imprecisely
defined rules. In this application, it con-
trols the selection of velocity vectors on
the basis of fuzzily defined “common
sense” rules that a human observer
would use to identify particle tracks.

There are four inputs to the fuzzy
processor for each vector pair: (1) the dis-
tance (in pixels) between the midpoints of
the vectors, (2) the average of the magni-
tudes of the two vectors, (3) the differ-
ence between the magnitudes of the two
vectors, and (4) the sum of the squares of
the differences between the correspond-
ing components of the two vectors. Each
input is assigned to a fuzzy set, wherein
the degree of membership for each ele-
ment in the set varies between 0 and 1.
The degrees of membership for each
input are processed through a rule base
of “IF...THEN" blocks. The rule base de-

fines an output fuzzy set. For a given vec-
tor pair, up to 16 rules may fire, depend-
ing on the number of unique combina-
tions of membership values. In lieu of a
centroiding technique that is more com-
mon in fuzzy logic, this fuzzy processor
computes its output via the singleton
technique with a weighted average,
which is computationally simpler.

An initial test of fuzzy PTV was per-
formed on two PTV images of oil seeded
with particles held in a transparent res-
ervoir and convecting under the influence
of a heater in the reservoir. The images
contained 316 and 318 centroids, res-
pectively. A total of 1141 candidate vec-
tors were identified. From these vectors,
the fuzzy processor produced a veloci-
ty-field map of 209 vectors in a process-
ing time of 7.6 s.

This work was done by Mark P Wernet
of Lewis Research Center. For further
information, write in 73 on the TSP
Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-2320.
Refer to LEW-16205.

Advanced Microfabricated Hydrogen Sensors
Multiple small sensors can be emplaced to detect and locate hydrogen leaks.
Lewis Research Center, Cleveland, Ohio

Advanced hydrogen sensors are
being developed for detecting potential-
ly dangerous leaks from tanks and
plumbing that contain hydrogen. Sen-
sors of this type could be used, for
example, at aerospace facilities that
store and handle hydrogen as a rock-
et fuel or at industrial facilities that will
likely be constructed to satisfy de-
mands for hydrogen as a clean-burn-
ing fuel. The sensors are made from
silicon by the same metal oxide/semi-
conductor (MOS) technology and
microfabrication techniques used in
the semiconductor and electronics
industries. The sensor structures are
designed to minimize size, weight,
and power consumption.

These sensors can measure low
concentrations of hydrogen, both in
atmospheres that do and atmos-
pheres that do not contain oxygen.
Because of their compactness and
ability to operate without oxygen,
these sensors can be used in applica-
tions in which the functioning of other
leak-detection equipment would be
problematic. For example, many sen-

64

sors of this type can be placed in a
region of potential hydrogen leaks.
By monitoring the response of each
sensor, the presence and location of a
hydrogen leak can be determined.

The figure illustrates the sensor lay-
out. The essential transducer compo-
nent is a Schottky diode that compris-
es (1) an electrode made of a hydro-
gen-sensitive metal (an alloy of 87

[ Connections for Schottky Diode—

\ Temperature Sensor /

Connectors for Heater

22 mm

A Schottky Diode Containing a Pd/Ag Alloy Electrode is the essential transducer compo-
nent of the hydrogen sensor. The other components provide temperature control (which is
necessary because the response of the sensor depends on temperature).
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percent palladium with 13 percent sil-
ver) on (2) a thin, electrically insulating
layer of silicon dioxide on (3) a silicon
substrate. Hydrogen dissociates on the
surface of the Pd/Ag alloy and diffuses
to the interface between the alloy and
the SiO,, where it affects the electronic
properties of the MOS system and there-
by provides an electronic signal indica-
tive of the concentration of hydrogen.
The response of the sensor to a
change in the concentration of hydrogen
increases with temperature. Accordingly,
a temperature sensor and heater are
incorporated into the sensor to provide

temperature control. The temperature of
operation of the sensor is kept at or
below 100 °C to prevent degradation of
the sensor structure. The response of the
sensor to hydrogen also depends on the
concentration of oxygen: as the concen-
tration of oxygen increases, the response
to hydrogen decreases, and the recovery
time decreases.

The minimum and maximum concen-
trations of hydrogen that the sensor can
measure also depend on the tempera-
ture and the concentration of oxygen.
The minimum measurable concentra-
tion of hydrogen is of the order of parts

per million, while the maximum measur-
able concentration, above which satu-
ration occurs, is less than two percent.

This work was done by Gary W. Hunter
of Lewis Research Center and C. C.
Liv and Q. H. Wu of Case Western
Reserve University. For further infor-
mation, write in 69 on the TSP
Request Card.

Inquiries concerning rights for the
commercial use of this invention
should be addressed to the Patent
Counsel, Lewis Research Center; (216)
433-2320. Refer to LEW-16154.

Computing System for Calibration
and Standards Laboratories

Calibration procedures are automated to save time and reduce

data-entry and -processing errors.
John F. Kennedy Space Center, Florida

A local-area-network computing sys-
tem has been established to automate
much of the work performed in the cali-
bration and standards laboratories at
Kennedy Space Center. The system,
called the “Calibration Support Network”
(CSN), enables the calibration of a vari-
ety of instruments and tools with mini-
mal human intervention. The CSN sup-
ports about 60 calibration programs of
various degrees of complexity, and new
programs are added from time to time to
provide for the calibration of new equip-
ment. The CSN hardware and software
are designed so that once a technician
sets up the equipment for a given cali-
bration procedure, the CSN runs the
procedure until calibration is complete.

An |IBM-compatible 486 computer
functions as a file server using local-
area-network software. About 50 other
computers are connected to the file
server, using Ethernet topology. The
CSN software includes a general pro-
gram that contains commonly used sub-
routines and that serves as a base for
developing new programs for specific
calibration needs. All programs thus
have a similar format and each calibra-
tion programmer can easily read soft-
ware written by other programmers.
Additional routines are stored in a library
and can be loaded at the start of a pro-
gram as needed.

All programs are written in-house
expressly for specific applications. Each
program is designed with the support of
the metrologist in charge of the specific
calibration discipline. If a global software
change is needed, a programmer can
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easily make the change in the central

library of commonly used subroutines.

Safety limits are built into the pro-
grams to protect technicians and equip-
ment. Some programs also provide
audible alarms that sound when haz-
ardous conditions occur. Many pro-
grams stop and alert technicians when
calibration setups have been performed
incorrectly and/or when pieces of equip-
ment approach maximum safe levels of
specified physical quantities.

The following are a few of the CSN
calibration programs and their functions:
e The Torque Wrench Calibration

System eliminates the need for manu-

al recording of torque-wrench-calibra-

tion data. This program reduces the
measurement data statistically and
produces a calibration data sheet.

¢ The Vacuum Gauge Calibration Sys-
tem tests instruments, corrects for
thermal transpiration, and generates
data sheets.

e The Temperature/Humidity Sensor
Calibration Program is fully automated
and controls up to three (3) environ-
mental chambers at one time, each
having the capability of controlling up
to ten (10) sensors. The program
automatically ramps the chambers,
monitors the Standards via RS-232,
reads the sensors via |EEE-488,
reduces the data, and provides indi-
vidual calibration data sheets.

* The Standard Torque Cell/Torque-Cell
Calibration System eliminates the
need for manually recording torque-
cell calibration data. The system uti-
lizes standard torque cells connected

via an RS-232 interface to a 486 com-

puter. This program contains a data

base that stores the mass of four (4)

sets of standard weights. When a

torque cell is calibrated, the technician

is prompted to use a predefined com-
bination of weights and standard load
arm that equal the desired torque.

Readings from the torque cell are

automatically read by the computer.

The measured torque is compared

with the actual computed torque and

out-of-tolerance conditions are dis-
played in real time. A data sheet is
printed at the end of the calibration.

e The Accelerometer Calibration Sys-
tem stores calibration points and
compares them with output of a stan-
dard accelerometer to adjust a shaker
table, and prints a calibration data
sheet.

This work was done by James R.
Lewis, William R. Frazier Il, Robert H.
McKay, Jr., Otto J. Fischer, Daniel D.
Raymond, Lois E. Lewis, James H.
Tiawell, Christopher M. Piehota, Perry
C. King, Jeffrey A. Cheatham, Leonard
Gaffney lll, Todd E. Dayton, Joseph K.
Cheatham, and Thomas C. Brown of
EG&G of Florida for Kennedy Space
Center. For further information, write in
7 on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Kennedy Space Center; (407) 867-
2544. Refer to KSC-117989.
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Superalloy Matrices Compatible With Tungsten Wires
Improved composite materials resist interdiffusion of elements at high temperatures.
Marshall Space Flight Center, Alabama

A nickel-base superalloy has been
found to exhibit potential as matrix ma-
terial for improved superalloy-matrix/
tungsten-wire composite materials.
Such composite materials are needed
for advanced gas turbine engines and
other applications in which operating
temperatures can rise as high as 2,000
°F (1,093 °C).

As indicated in the table, the compo-
sition of the present alloy differs some-
what from that of Waspaloy (or equiva-
lent), which has been used previously as

a refractory matrix material for tungsten-
wire-reinforced composites. The present
alloy is formulated to retard interfacial
chemical reactions and interdiffusion of
elements between matrices and rein-
forcing tungsten wires. The purpose of
this formulation is to make composites
more durable; specifically, to increase
their high-temperature stability and
their resistance to thermal fatigue.

In preparation for experiments to
demonstrate the retardation of interfa-
cial reactions and diffusion, some spec-

Modified Alloy

Composition, Weight Percent of Elements
Fe Ni Cr Mo Ti Al Co w
Waspaloy (or Equiv.) 1.3 Balance 19.3 4.3 29 1.3 14.3 0

1to2 Balance 181020 4to5 27103 11t015 81013 2to4

The Present Alloy is a modified version of Waspaloy. The principal modification consists in
the addition of tungsten to retard interdiffusion of elements between the alloy and tungsten
wires embedded in the alloy.

imens of tungsten-wire-reinforced com-
posites were made with Waspaloy and
some with the present alloy as the
matrix material. The specimens of both
types were fabricated by a process of
vacuum melting and casting.

In the experiments, the specimens
were annealed in vacuum at a tempera-
ture of 2,000 °F (1,093 °C) for times as
long as 48 hours, then examined by
scanning electron microscopy. The 48-
hour specimen made with the present
alloy as the matrix exhibited no apparent
reaction zones around the tungsten
fibers, whereas the 48-hour specimen
made with Waspaloy as the matrix
exhibited a 3.5-um-thick reaction zone
around each fiber (see figure).

This work was done by Jonathan A.
Lee of Marshall Space Flight Center
and Po-Shou Chen and Pat Salvail, of IIT
Research Institute. For further informa-
tion, write in 36 on the TSP Request
Card. MFS-26302

1 J -3

Matrix Reaction Wire
Zone
L A R Pt
- 100
- 90
€ = € 80
g £
5 — & 70
k) - fg» 60
Q
2 Al = 50
3 E g
E — 30
8 8
— 20
— 10
— 0
0 2 4 6 8 1074 12014 0 2

Microprobe Position From Matrix to Wire, um
COMPOSITE WITH WASPALOY AS MATRIX MATE

4 6 8 10 12 14
Microprobe Position From Matrix to Wire, um

COMPOSITE WITH PRESENT ALLOY AS MATRIX MATERIAL

The Composition as a Function of Position along a line perpendicular to a matrix/wire interface was determined by microprobe analysis. In
the Waspaloy-matrix specimen, tungsten diffused from the wire into the matrix and the matrix ingredients diffused into the wire, forming a reac-

tion zone. In contrast, a reaction zone is not evident in the specimen containing the present alloy.
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Deposition of Sapphire by Conversion Coating
Aluminum is deposited and immediately oxidized to convert the deposit to sapphire.
Lewis Research Center, Cleveland, Ohio

Hard, transparent surface layers of
sapphire can be deposited on solid sub-
strates by a conversion coating method.
The method can be used, for example,
to form very clear protective surface
coatings on polymeric windows, lenses,
and face shields to resist abrasion and
thereby help to maintain transparency.
The essence of the method is to deposit
aluminum atoms on a substrate while
chemically active oxygen atoms and
ions impinge, so that the aluminum de-
posit is immediately oxidized to form
sapphire (Al,Os).

The method can be implemented by
any of several processes. In one pro-
cess, for example, the first step is to
sputter-clean the substrate by use of a
beam of oxygen and argon ions at kinet-
ic energies between 200 and 500 eV.
Then a beam of argon ions at kinetic
energies between 500 and 5,000 eV is
used to sputter-etch aluminum from an
aluminum target that faces the sub-
strate, causing aluminum to be de-
posited on the substrate (see figure).

At the same time, chemically active
monatomic and ionic oxygen is brought
to the surface of the substrate by use
of a beam of oxygen ions at kinetic
energies less than 100 eV. A small
amount of argon can be added to

smooth the operation of the oxygen-
ion source.

Techniques used in alternative de-
position processes could include dc
magnetron sputtering, electron-beam
evaporation, thermal evaporation, and
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Aluminum Is Sputtered onto the substrate in the presence of impinging oxygen ions, so that
the deposited aluminum is oxidized into a hard, tenacious coat of sapphire.
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vacuum arc deposition. Alternative techniques for converting
aluminum deposits to sapphire could include use of radio-
frequency or microwave oxygen plasmas or discharge-cham-
ber plasmas.

This work was done by Bruce A. Banks and Sharon K.
Rutledge of Lewis Research Center. For further information,
write in 52 on the TSP Request Card. LEW-15638

Nanostructured Flame

Retardants

These materials can be blended with base
materials on a near-molecular level.

Marshall Space Flight Center, Alabama

Improved flame-retardant additive powders with particle
sizes < 100 nm are undergoing development. Called “nano-
structured flame retardants,” these powders can be used as
ingredients of flame-retardant coatings or blended into com-
posite polymeric materials to make fabrics and structural
components that are flame-retardant throughout their thick-
nesses. The principal ingredient of nanostructured fire retard-
ants tested in preliminary experiments was nanostructured
antimony oxide (see figure), which was synthesized from
micron-particle-size antimony oxide powder in a subatmos-
pheric-pressure chamber by thermal evaporation and con-
densation onto a cooled surface.

Because of the high specific surface areas associated with
their small particle sizes, nanostructured flame retardants are
characterized by relatively high reactivity and correspondingly
high effectiveness as flame retardants. The small particle sizes
make it possible to blend these materials with other materials
at a near-molecular level of fineness and interpenetration.

Unlike older flame-retardant additives with larger particle
sizes, nanostructured flame retardants can be incorporated into
micron- and submicron-sized fibers; this can be an important
advantage in making clothing that stays flame-retardant, as
contrasted with clothing made flame-retardant by coating
materials that can come off with repeated washing. In another
potential class of applications, nanostructured flame retardants
could be incorporated into microelectronic devices, in which
particles of excessive size could adversely affect performance.

This work was done by Shahid Pirzada and Tapesh Yadav of
Nanomaterials Research Corp. for Marshall Space Flight
Center. For further information, write in 70 on the TSP
Request Card.

Inquiries concerning rights for the commercial use of this
invention should be addressed to the Patent Counsel, Marshall
Space Flight Center; (205) 544-0021. Refer to MFS-26387.

IR
100 nm

This Transmission Electron Micrograph shows particles of nano-
structured antimony oxide powder made in a thermal evaporation
process.
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COSMIC: Transferring NASA Software

COSMIC, NASA'S Computer Software Management and Information Center, distributes software
developed with NASA funding to industry, other government agencies and academia.

COSMIC's inventory is updated regularly; new programs are reported in Tech Briefs. For additional
information on any of the programs described here, send in the Information Request Form or contact

COSMIC directly.

If you don't find & program in this issue that meets your needs, visit the COSMIC World Wide Web
pages to browse the catalog for programs in your area of interest. The COSMIC Software Catalog is
available in print and free of charge on diskette, on-line, by E-mail, or FTP.

COSMIC is part of NASA's Technology Transfer Network.

Mathematics and
Information Sciences

General-Purpose
Scheduling Program

Activities can be added
to a schedule in
nonchronological order.

Computer Aided Scheduling System
(COMPASS) is a generic, nonchronologi-
cal, interactive scheduling computer pro-
gram. It is generic in the sense that it can
be applied to any problem in which activ-
ites are placed on a time line while
respecting a variety of constraints,
including resource, temporal, and state
constraints. It is nonchronological in the
sense that schedules are built incremen-
tally by placing activities on the time line,
one at a time, and that the sequence in
which activities are placed on the time
line is not constrained by their order in
time. High-priority activities and those
that are time-constrained can be placed
on the time line first, even though they
may be scheduled to occur later than
other low-priority activities.

In a nonchronological scheduling sys-
tem, an activity is placed on a time line
in roughly four steps: (1) Compute the
intervals of time in which all of the
requirements and constraints that per-
tain to that activity are satisfied, (2)
Select one of these intervals, (3) Align
the activity within the selected interval,
and (4) Post reservations against the
required resources during the chosen
interval. COMPASS employs a general
algorithm that computes the set of all
satisfying intervals. This enables the
system, or the interactive user, to
employ sophisticated preference func-
tions to choose the “best” interval and
to align the activity at the “best” location
in the chosen interval.
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COMPASS enables the user to build
schedules, one activity at a time, or to
build schedules by use of automated
methods. Once a schedule is created,
the user can move the activities around,
change resources or requirements, or
create multiple schedules to reflect vari-
ous scenarios. COMPASS ensures that
constraints are not violated while the
user manipulates the schedule. This
enables the user to focus on the quality
and overall look of the schedule while
COMPASS maintains the validity of the
schedule.

COMPASS comes in two versions.
There is an ASCll-interface version, which
requires only a terminal capable of ASCII
input and output. Commands are entered
in response to prompts and results are
displayed as text. There is also a graphi-
cal version, which requires the appropri-
ate windowing software for its graphical
display. Both versions provide the same
capabilities; however, the graphical ver-
sion is intuitively easier to use.

COMPASS is written in Ada and C for
Sun4-series computers running SunOS
v4.1.3 and Solaris v2.3 and is available
as executable code only. The required
amount of random-access memory
varies with the size of the problem being
solved. This package of software in-
cludes sample executable codes that
were compiled under SunAda and C on
a Sparcstation running SunOS 5. Both X
Window and command-line executable
codes are included. The MIT X Window
System, Version 11 Revision 4 or 5 is
required for execution of the X Window
version of COMPASS. The standard dis-
tribution medium for COMPASS is a
0.25-in. (6.35-mm) streaming-magnetic-
tape cartridge (Sun QIC-24) in UNIX tar
format. Version 2.0 of COMPASS was
released in 1994.

This program was written by Barry Fox
of McDonnell Douglas for Johnson
Space Center. For further information,
write in 46 on the TSP Request Card.
MSC-22396

The University of Georgia
Athens, GA 30602-4272
T.L. Peacock, Director
(706) 542-3265;

FAX (706) 542-4807
service@cosmic.uga.edu

Software for Automated
Detection of Anomalies
in Real Time

The SELMON (SELective MONitoring)
computer program monitors time-series
engineering data from a complex equip-
ment system (e.g., a chemical plant) to
detect anomalies in the system in real time.
To enable the detection of subtle or devel-
oping anomalies that are missed by older
anomaly-detecting computer programs,
SELMON goes beyond the traditional
anomaly-detection techniques of compar-
ing sensor readouts with predefined limits
and/or with predictions of mathematical
models. SELMON detects changes in the
frequency distributions of sensor readings
over time; it also detects changes in rela-
tionships among sensor readings to detect
anomalies (e.g., breaks in causal depen-
dencies) that could be indicated by rela-
tionships among system parameters.
Thus, in comparison with older anomaly-
detecting software, SELMON provides a
more nearly complete anomaly-detection
capability, removing more of the anomaly-
detection burden from human operators.
Once an anomaly has been detected, SEL-
MON determines how much of the moni-
tored system has been affected; this kind
of information can be critical in the first few
moments of an emergency, when several
sensors reporting the same anomaly can
confuse an operator, with consequent
delayed response. SELMON is available in
an Allegro CommonLisp and a C-language
version. Both versions run on Unix work-
stations. The Lisp version runs on Sun
Sparcstations, and the C version runs on
both Sparcstations and DEC Alpha com-
puters. A simple user interface and hooks
for creating an interface to a data server are
provided.

This work was done by Richard J. Doyle
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
write in 93 on the TSP Request Card.
NPO-19659
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Relative-Height Monitor Aids Maneuvering

of Large Objects

Relative heights can be determined before objects are brought together.
John F. Kennedy Space Center, Florida

An instrument provides measurements
of the relative heights of objects within a
tolerance of about 0.1 in. (2.5 mm) at a
horizontal distance of 30 ft (9.1 m). In the
original application, the instrument is need-
ed to assure noninterference among pay-
loads that are about to be installed in the
space shuttle orbiter at precisely allocated
vertical positions. The instrument could be
readily modified for similar industrial
assembly applications in which large

and/or heavy objects are initially horizon-
tally distant from each other and are
required to be at specified height relative to
each other before bringing them together.

The instrument is made largely of high-
quality, commercially available optical-
laboratory equipment. As shown in the
figure, the instrument includes a frame-
work of two steel rods with aluminum
interface pieces at their ends. Magnetic
bases bolted to the interface pieces are

Rack-and-Pinion ——
Mechanism

Cross Spirit Level

Adijustable-Tilt Platform

Magnetic Base With

90 Ib (400 N) Holding

Force That Can Be
Turned On or Off

Steel Rods, 0.5 in. Diameter

The Relative-Height Monitor is basically a laser-aided cathetometer.
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used to attach the instrument to a steel
post or other convenient ferromagnetic
structure in the workspace. A rack-and-
pinion mechanism mounted on the
framework provides for raising and lower-
ing the optical assembly, with a total trav-
el of 9 in. (28 cm). The relative height of
the optical assembly is read from a ruler
(not shown in the figure) mounted on the
framework adjacent to the rack-and-pin-
ion mechanism.

The function of the optical assembly is
to generate a well colimated, visible, hori-
zontal laser beam that can be aimed at an
object of interest by rotating the laser in a
horizontal plane. The optical assembly
includes a battery-powered eye-safe
diode laser with a wavelength of 670 nm
and an output power of 1 mW. The laser,
its optics, and its battery are mounted on
a rotary table on a platform equipped with
a tit adjustment for leveling the plane of
rotation. A cross spirit level on top of the
laser housing provides guidance for the tilt
adjustment.

Once the instrument has been attached
magnetically to a structure in the work-
space, the rotary table is approximately
leveled. The laser is switched on and is
aimed at a first target by a combination of
rotary-table (horizontal) and rack-and-pin-
ion (vertical) motions. The relative vertical
height of the first target is read from the
ruler. Then without changing the tilt adjust-
ment, the laser beam is aimed at a second
target by a similar combination of motions,
and the relative height of the second target
is read from the ruler. Then the difference
between the heights of the two targets is
calculated by subtracting one reading from
the other.

This work was done by Ame E. Aamodt
and Ilvan F. Velez of Kennedy Space
Center and Robert C. Youngquist, William
D. Haskell, and Robert B. Cox of I-NET.
For further information, write in 38 on the
TSP Request Card.

Inquiries concemning rights for the com-
mercial use of this invention should be
addressed to the Patent Counsel,
Kennedy Space Center; (407) 867-2544.
Refer to KSC-11841.
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Conduit Clamp Is Easy To Use
This conduit clamp can be actuated by a single gloved hand or by a robot.
Lewis Research Center, Cleveland, Ohio

A multiple-piece metal conduit clamp
has been designed to withstand extreme
environments and to be operable by a
robot or by a technician with a single
gloved hand. This conduit clamp is simi-
lar to a commercial single-piece cast
plastic conduit clamp, the flexing points
of which fail over time, and which cannot
be disengaged without a tool.

The conduit clamp includes clamping
fingers with compound curvatures and
varied lengths and thicknesses. The pur-
pose and overall effect of these curvatures
and variations in length and thickness are
to ensure that the fingers fit snugly to the
conduit and that the various faying sur-
faces come together and apart in the
proper engagement and disengagement
sequences.

The figure illustrates a disengagement
sequence. The latch handle is pressed to
release the ratchet teeth: this allows the
fingers of the clamp to open. As the tech-
nician or robot pulls the conduit out,
springs push the clamping fingers outward
to provide a clear path for the conduit.

To install a conduit, the conduit is
gripped away from the clamp and insert-

ENGAGED

RATCHET TEETH RELEASED

CONDUIT PULLED OUT

The Conduit Clamp can be opened or closed easily, without special tools or training — even

without looking.

ed in the opening between the outwardly
sprung clamping fingers. As the conduit is
pushed in, the fingers close into a soft-
docking configuration in which the ratch-
et teeth become engaged in the looser of
two ratchet positions. Further on, the
conduit adjacent to the clamp causes the
fingers to flex in such a way that the

ratchet teeth become engaged in the
tighter of the two ratchet positions.

This work was done by Clint A. Collins
of Rockwell International Corp. for Lewis
Research Center. For further informa-
tion, write in 81 on the TSP Request
Card. LEW-15618

Docking Station and Replaceable Equipment Module
The module can be replaced by a technician or by a robot.
Lewis Research Center, Cleveland, Ohio

The figure illustrates an equipment
module and a docking station that
receives the module. The module and sta-
tion are designed together with alignment
features, coupling/uncoupling mecha-
nisms and circuits, and a thermal inter-
face. The integrated design accelerates
and facilitates installation of the module in,
or removal of the module from, the station
by a technician or by a robot.

The thermal interface between the
module and the station consists of two
panels with mating parallel ridges and val-
leys. Heat from electronic or other equip-
ment in the module is conducted across
the ridged interface and carried away by a
liquid coolant flowing in channels under
the ridges on the station side. The mating
ridges and valley surfaces also help to
align the module with the station: Once
the module and station are brought into
initial alignment by pressing them togeth-
er at these surfaces, the module is slid
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along these surfaces until spring-loaded
alignment pins at the corners of the mod-
ule fall into mating detent alignment holes
in the station.

Once alignment is complete, the mod-
ule is clamped to the station by use of two
movable clamping wedges in the station
that are pushed outward against mating
fixed clamping wedges mounted in the
module on opposite sides. The clamping
wedges are attached to ball nuts that slide
on linear bearings; they are driven by a ball
screw that is, in turn, driven via miter
gears by a pair of redundant dc motors.
The motors are controlled and powered
by compactly packaged external control
and power circuits carried by the techni-
cian or robot. In the event of a failure in the
power and/or control circuitry, the ball
screw can be turned manually by use of a
wrench inserted in a square drive socket
at either end of the ball-screw shaft.

Connections with these external circuits

are made via a multiple-pin plug that is
inserted in a socket on the top of the
module. The signals and power are car-
ried from this socket to a specially
designed multiple-contact-button electri-
cal connector on the lower side of the
module that mates with a specially-
designed multiple-contact-button electri-
cal connector in the station: the special
design is such that the multiple-contact-
button connectors do not prevent the slid-
ing motion needed to effect alignment,
and so that electrical contact between
them is made via spring-detent action of
mating convex and concave contact sur-
faces once alignment is complete.

A voltage proportional to the motor cur-
rent is sent back to the external control
circuitry. To a reasonable approximation,
the motor current is proportional to the
torque applied by the motor(s) and, thus,
is proportional to the force of clamping
between the two modules. This voltage

NASA Tech Briefs, August 1996
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EQUIPMENT MODULE INSTALLED IN DOCKING STATION

DETAIL OF ONE END OF CLAMPING MECHANISM

R
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The Equipment Module Can Be Installed in the docking station or removed from the docking station quickly. The clamping mechanism in
the docking station is operated via external power and control circuits carried by a technician or robot.

can thus be used to turn off the motor
power and/or generate a visible display
indicative of the clamping force.

The clamping mechanism as
described thus far is part of a modular
unit that can be installed in or removed
from the docking station. This unit is held
in the docking station by a specially

designed Geneva mechanism that is
actuated manually by use of a wrench.

This work was done by James L. Dolce
of Lewis Research Center and Andrew
L. Gordan of Analytical Engineering Corp.
For further information, write in 55 on the
TSP Request Card.

This invention has been patented by

NASA (U.S. Patent No. 5,290,121).
Inquiries concerning nonexclusive or
exclusive license for its commercial
development should be addressed to
the Patent Counsel, Lewis Research
Center; (216) 433-2320. Refer to LEW-
14906.

Magnetic Pressure-Relief Devices
These devices are simple and can be reset easily.
Lewis Research Center, Cleveland, Ohio

The figure illustrates one of a number of
reusable, low-profile, lightweight, devices
that relieve excessive pressures in equip-
ment housings. Unlike some more com-
plex reusable pressure-relief valves,
these devices present no permanent
open cavities in which, for example,
wasps can build nests.

These devices are simple in design and
can be fabricated cheaply and easily. The
one shown in the figure includes a mag-
netically restrained blowoff plate; in other
devices of this type, the pressure-relief ele-
ments could be magnetically restrained
flappers or poppets, for example.

A typical older nonreusable pressure-
relief device contains a metal diaphragm
(burst disk) that is scored to ensure break-
age at a specified pressure limit, but there
is no way to determine in advance whether
it will give way at the specified limit. On the
other hand, the present devices can be
pressure-tested and reset as many times
as necessary to measure and adjust the
pressure limits.
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This Pressure-Relief Device is cheap, simple, and reusable.

One of the advantages of a magnetic
pressure-relief device of the present type is
that it can be made to shift to the fully open
position once the pressure limit is exceed-
ed, and to remain fully open until manually
reset. In contrast, a spring-loaded low-
pressure-relief valve typically begins to
leak at the pressure limit but opens fully

only if the pressure continues to rise
beyond the limit.

This work was done by Tyson Arthur
Goudey and David Jonathan Chalk of
General Dynamics for Lewis Research
Center. For further information, write in
79 on the TSP Request Card. LEW-15558
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% Machinery/Automation

High-Torque Right-Angle Gearbox

The torque-to-weight ratio and output stiffness could be comparable

to those of a harmonic drive.

NASA’s Jet Propulsion Laboratory, Pasadena, California
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The Dual-Differential Mechanism in this gearbox would be relatively compact and lightweight, with high output stiffness. It could be designed
to provide an arbitrarily large speed-reduction ratio, without need for additional stages of gearing.

A conceptual right-angle gearbox
could provide a large speed-reduction
ratio (and corresponding multiplication of
torque) in a relatively compact, lightweight
package. Depending on the specific
gear-tooth specifications and other
design parameters, this gearbox could be
made to provide any speed-reduction
ratio from about 40 to infinity, without
need for additional stages of gearing. The
torque-to-weight ratio, output stiffness,
and efficiency of this gearbox could be
comparable to those of a harmonic drive.
Harmonic drives are typically limited to
speed-reduction ratios < 320.

The gearbox would include an input
housing that surrounds an input shaft,
and an output housing that could rotate
on bearings with respect to the input
housing about an axis perpendicular to
that of the input shaft (see figure). The
output housing would be the output
drive member; that is, the overall func-
tion of the gearbox would be to make
the output housing rotate slowly, with
high torque capacity, relative to the
input housing, about an axis perpendic-
ular to that of the input shaft. The input
shaft could be turned by a motor or
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other actuator mounted coaxially in the
input housing.

The gearbox would contain an outer
and an inner differential. These differential
mechanisms would be similar to those on
the rear axles of most automobiles, but
would contain gears cut with numbers of
teeth somewhat different from those ordi-
narily used. The input shaft would turn spi-
der gear B of the outer differential, thereby
causing bevel gears A and B of the outer
differential to rotate in opposite directions
about the tube in the output housing.
Bevel gears A and B would have the
same pitch diameter, but may have a
slight variation in the number of teeth,
thus causing them to rotate at different
velocities. The load would also be shared
by spider gear A of the outer differential,
which would rotate as an idler between
bevel gears A and B of the outer differen-
tial. Each bevel gear of the inner differential
would rotate with, and thus be driven by,
the corresponding bevel gear of the outer
differential. As in the outer differential,
these bevel gears may also vary in number
of teeth. In turn, the bevel gears of the
inner differential would drive the spider
gears; because the spider shafts would be

rigidly attached to the tube in the outer
housing, this action would cause the outer
housing to turn about the output axis by
an amount that would depend on the
numbers of teeth in the various gears.

Because torque would be transmitted
simultaneously through multiple gear
teeth on large pitch diameters, the torque
capacity of this gearbox would be very
high in comparison with that of gearbox-
es of the same size and weight but older
design. This same feature would impart
very high output stiffness. Yet another
advantage is that backlash could be
reduced or eliminated in two ways: (1)
Because the total number of gears would
be kept small, even for high gear ratios,
there would be fewer than the usual num-
ber of locations where backlash could
enter. (2) The sandwich configuration of
the differentials would make it possible to
preload the differentials by incorporating
springs to press the two sets of bevel
gears inward against the spider gears.

This work was done by Timothy R.
Ohm of Caltech for NASA's Jet
Propulsion Laboratory. For further
information, write in 19 on the TSP
Request Card. NPO-19542
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Apparatus for Circumferential Sensor Scans
The principal advantage is reproducibility of circumferential position.
Marshall Space Flight Center, Alabama

An apparatus carries ultrasonic and/or
other sensors in a scan along a circumfer-
ential track on a large cylindrical object. In
the original application for which the appa-
ratus was custom-designed, the circum-
ferential track is part of a joint between two
cylindrical sections of a large solid-fuel
rocket motor, and the sensors are used to
inspect the joint. The basic principle of the
apparatus may be applicable to inspection

of other large, round objects like tanks,
pressure vessels, and pipeline sections.

The principal advantage of the appara-
tus is that it can be commanded to move
to a specified circumferential position,
repeatably and accurately. This not only
helps to ensure accuracy of inspection
data but also makes it possible to return to
a previously identified defect for further
inspection or repair.

icals, noise and other contaminants.
Pneuma-Seal is particularly suitable for:

entire sealing surface
or latches are ineffective
tend to drag on and abrade conventional seals

Typical applications include:

are required

transit doors and hatches

specified dimensional requirements.

the following telephone numbers:

IF YOU THINK YOU CAN'T SEAL IT,
YOU HAVEN'T TRIED

PNEUMA-SEAL

Pneuma-Seal is an inflatable gasket that when pressurized with
air, fills the gaps between surfaces, even hard-to-seal uneven
surfaces. And when deflated, Pneuma-Seal quickly retracts to
prevent interference when opening and closing a door or cover.

You can use Pneuma-Seal as an effective barrier against
pressure differentials and to seal out water, dust, gas, chem-

Large enclosures where it is uneconomical to machine the
Uneven fabrications where traditional compression gaskets
Horizontal or vertical sliding doors or covers that would

Hinged doors where flush thresholds are required

Processing equipment: chemical, food, textile, pharmaceu-
ticals, dryers, ovens and where rapid sealing and unsealing

Pollution control: sound attenuation, hopper seals
Laboratory facilities: test equipment, clean rooms
Transportation: military vehicles, aircraft, shipboard, mass

Construction: special purpose doors, flood protection
Pneuma-Seal is available in a wide range of profiles, with
fabric reinforcing where applicable, and in a variety of rubber
and silicone compounds to meet harsh environmental conditions.
Pneuma-Seal is furnished complete, ready to install as
continuous loops, strips, rectangles, or other shapes to your

To obtain a complimentary copy of our designer’s handbook, engineering
assistance or to have a Presray representative contact you, please call us at any of

(914) 855-1220
FAX: (914) 855-1139 West Coast: (714) 751-2993

Presray Corporation
159 Charles Colman Boulevard, Pawling, NY 12564

YOU MAY ALSO CONTACT US BY CIRCLING THE
RESPONSE NUMBER INDICATED BELOW.

Telex: 646720
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The apparatus (see figure) is moved
along the circumferential track by a drive
mechanism actuated by a stepping motor
with position feedback from a shaft-angle
encoder. The kinematic relationships
among the track, the apparatus, and the
sensors are such that once mounted on
the apparatus, the sensors are automati-
cally maintained in the required alignment
with respect to the part to be inspected.

The stepping motor is covered with an
aluminum housing, which serves to con-
tain any sparks that might be generated in
the operation of the motor (sparks pose an
obvious danger in proximity to the solid
rocket fuel in the original application).
Through a tube connected to a nipple, the
interiors of the motor housing and shaft-
angle encoder are purged with nitrogen.

Wheels Driven by a Stepping Motor with
position feedback reproducibly position the
apparatus and sensors along the circumfer-
ential track.

The main body of the apparatus is
machined from aluminum stock and
anodized for protection against corrosion.
The apparatus is connected to a motion-
control/data-acquisition electronic system
via an umbilical cable. All drive and feed-
back information is transmitted via this
cable. Separate cabling that piggybacks
onto the umbilical cable is used to transmit
data from the sensors to the data-acquisi-
tion subsystem.

This work was done by Paul W. Kamner,
Michael J. Mesick, Howard C. Morrill,
William Chyr, and Gary Brochman of
Thiokol Corp. for Marshall Space Flight
Center. For further information, write in
72 on the TSP Request Card. MFS-31063
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LASER DIODE OPTICS

When your application demands high quality laser diode optics,
think of Optima. Our 336 Series collimating lenses have been
used in space systems and in more down-to-earth applications
like bar code readers, laser pointers, and smoke detectors.

Whether you need a custom assembly or just an off-the-shelf
component, we'd like you to consider Optima. Please ask
for our catalog covering the following items:

+ COLLIMATED DIODE LASERS, VISIBLE THRU NEAR-INFRARED

+ LASER DIODE MOUNTING KITS

+ COLLIMATING AND OBJECTIVE LENSES -- GLASS OR PLASTIC

+ SINGLETS, DOUBLETS AND ACHROMATS - -~
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OPTIMA PRECISION INC., 775 SW LONG FARM ROAD, WEST LINN, OREGON 97068
PHONE: (503) 638-2525 OUTSIDE OREGON: (800) 544-4118 FAX: (503) 638-4545
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Notes on the Industry
and Federal Labs

The already teeming diode-pumped solid-
state (DPSS) laser marketplace has a new
entrant: HMG Photonics. The company, a
joint venture of Melles Griot Inc., Irvine, CA,
and Hitachi Metals Ltd., Tokyo, Japan, intro-
duced its first product at the Conference on
Lasers and Electro-Optics (CLEO) in
Anaheim in June. The Model ICD-430 (see
"New Products”) is a DPSS laser emitting a
10-mW single-spatial-mode blue beam that
the company says is useful for reprographics,
compact-disk manufacturing, and medical
instrumentation. Melles Griot designs, manu-
factures, and distributes a wide variety of pho-
tonics products worldwide. Hitachi Metals, a
leading manufacturer of specialty steels, auto-
motive components, and magnetic and elec-
tronic materials, also develops new electronic
and laser devices.

The Light Brigade, the supplier of fiber
optic design, installation, and maintenance
training, has moved to new and larger facili-

ties. The new address is 7691 S. 180th St.,

Kent, WA 98032. Phone and fax numbers
remain the same: (206) 251-1240 and (206)
251-1245 respectively.

Bell Laboratories researchers have demon-
strated the world's first room-temperature
and high-temperature semiconductor lasers
that operate in the mid- and long-wavelength
infrared regions. Quantum-cascade (QC)
lasers, invented at Bell Labs’ Murray Hill, NJ,
site in 1994, initially operated at temperatures
lower than -300 °F; the new lasers, at 5
microns, provide a pulsed peak power of
about 200 mW at 77 °F and about 100 mW
at 127 °E

Federico Capasso, head of the quantum
phenomena and device research department
at Bell Labs (now the R&D arm of Lucent
Technologies), says that the spectral ranges of
the new lasers—3-5 ym and 8-13 pm—will
be useful in pollution monitoring and indus-
trial process control for environmentally safe
manufacturing, because many hazardous and
toxic chemicals have optical absorption "fin-
gerprints” at these wavelengths. Among other
uses foreseen are the detection of water and
pollutants in the gases employed in semicon-
ductor processing.

The Bell Labs team says the QC laser is the
world’s first whose emission wavelength can
be tailored over a wide range in the infrared
by varying the thickness of the material layers.

They have demonstrated wavelengths ranging
from 4 to 11 microns.

The Defense Sciences Office of the
Defense Advanced Research Projects Agency
(DARPA) awarded Bell Labs a two-year grant
to develop continuous-wave QC lasers that
can be cooled by thermoelectric coolers, i.e.,
above -75 °C. Thermoelectric coolers typical-
ly cost no more than a few hundred dollars,
while cryogenic coolers cost about $10,000.

Personnel of the Air Force Phillips
Laboratory's Airborne Laser Technology
Division registered the first successful use of a
laser beam to illuminate and track a theater
missile in its boost phase on June 3 at the
Army's High Energy Laser System Test
Facility, White Sands Missile Range, NM.
The test, which involved a missile travelling at
about one kilometer per second, was repeated
successfully on June 16.

The researchers, a joint team from the Air
Force, Army, Navy, Massachusetts Institute of
Technology’s Lincoln Laboratory, Hughes
Aircraft, and Aerotherm Corp., initiated the
test by locking the tracker onto the missile’s
bright exhaust plume. About 15 seconds and
23 kilometers into the launch, the laser was
switched on to illuminate the missile’s body.
Technicians then used the reflected laser light
to focus the tracker on the body, and the laser
tracked it out to about 50 kilometers.
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_ASER OPTICS FROM II-VI INCORPORATED...
COUNTDOWN TO QUALITY!

Laser Optics and Crystals

High quality laser materials from our
VLOC Division include Nd:YAG, Er:YAG,
CTH:YAG and Nd:YVO0,. VLOC is also an
industry leader in the production of nonlin-
ear crystals such as KNbO; and KTP along
with optical components in the 190-
3000nm spectrum.

Two-Axis Diamond Turning

11-VI offers ultra-precision two-axis diamond
turning of copper, aluminum and other
infrared materials utilizing a Nanoform 600.
High power CO, laser mirrors with
diffraction free surfaces are produced on
our MSG flycutter.

Optical Design and
Engineering

II-VI leads in the design of custom
IR components and systems.
Computer Aided Drafting (CAD)
systems combined with optical
design programs have enabled us
to produce specialized optical
mounts, components and electro-
optic assemblies.

Assembly of Optical and
Electro-Optical Components

The assembly of optical and electro-optical
components and devices requires extreme
care plus special tools and
training. I1-VI understands these
critical factors and brings them
together to assemble compo-
nents ranging from simple
mounted lenses to complex
electro-optical modulators and
military subassemblies.

Imaging Lenses

1I-VI produces optical elements for
sophisticated IR imaging systems such
as zoom lenses, scene simulators,
FLIR systems, and IR projectors.

Advanced Thin Film Coatings

1I-V1 is the worldwide leader in the design
and development of consistently low
absorption coatings for high power CO,
and Nd:YAG laser optics, as well as other
specialized coating products for industrial,
medical and military systems.

For more information on the complete line laser systems information on all aspects =

of 1I-VI optic materials, optics, compo- of infrared optics including IR materials,

nents, and electro-optical products, call an optics tutorial, plus specification and

412-352-1504 or fax 412-352-4980 today selection data. For copies of our VLOC INCORPORATED
for our 48 page Optics Catalog. It offers Division catalogs, call 813-938-0092 375 Saxonburg Bivd.

manufacturers and users of lasers and or fax 813-938-9493. A-12R Saxonburg, PA 16056
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NASA's Planetary Integrated Camera-Spectrometer

Behind the acronym PICS, for NASA's
Planetary Integrated Camera-Spectrom-
eter, with its seemingly fitting overtone
of "pixels," actually lies a project that is
innovative in both concept and execu-
tion, according to Jet Propulsion Labor-
atory researchers most closely involved
with its development.

The integrated instrument, conceived
for the Pluto Fast Flyby (PFF) mission,
combines in one sensor system a near-IR
spectrometer (256 spectral channels,
1300-2600 nm), a two-channel imaging
camera (300-500 nm, 500-1000 nm),
and a UV spectrometer (80 spectral
channels, 70-150 nm). The great dis-
tance of the planet from Earth (30-50 AU)
and budgetary constraints ruled out the
use of any but the smallest reconnais-
sance spacecraft with currently available
launch vehicles. In 1993 a NASA Re-
search Announcement invited innovative
designs to meet the objectives of the
approximately 9-year-long mission to
Pluto. Mission science requirements
called for two spectrometers and two
visible-light cameras in an instrument
weighing less than 7 kg and consuming
less than 6 W of power.

Since no previous instrument met the
design constraints, or even came close,
the JPL approach from the outset con-
centrated on three elements to reach the
needed goals: system architecture,
detector sensitivity and noise, and mate-
rials. The team strove first to maximize
the commonality between the different
channels of the unit. Thus, all of them use
the same primary collecting mirror ele-
ment, the heaviest mirror in the system.
For detectors that require cooling, the
heat radiator and the detector assembly
form an integrated mechanical sub-
assembly, so designed that the critical
components will all run at their optimum
temperatures. By sharing the set of fore-
optics and a miniaturized, low-power set
of electronics to drive the signal chain of
all three PICS focal planes, the sensor
system comes in weighing 5 kg, requir-
ing 1.5 W of power, and fitting within a
total volume of 30 X 30 X 40 cm.

Another pivotal issue considered very
early in the design was the need to devel-
op a self-sequencing instrument. That is,
it would incorporate an integrated sci-
ence data-gathering timeline in which
the UV and IR spectrometers and the vis-
ible cameras would operate in comple-
mentary fashion to accumulate data as
the spacecraft approaches and then
passes Pluto and its satellite Charon.
According to Gregg Vane, PICS Program
Manager at JPL, earlier planetary mis-

4a

sions such as Voyager were plagued with
sequencing difficulties. Voyager, which re-
quired four optical sensors and a sophisti-
cated scan platform to perform functions
equivalent to those of PICS, en-countered
such problems because all of those
involved in the design "wanted to take
data at the closest point of approach."

Sequenced Data-Gathering

PICS's data, by contrast, will be
acquired sequentially by the separate
focal planes at times appropriate to pro-
vide correct spatial coverage in the
respective channels. The integrated sen-
sor system, configured as a long-focal-
length instrument, enables data gather-
ing from far out. Because the spatial res-
olution required for UV data is coarsest, it
will be taken farthest from the target. The
highest-resolution visible-image data will

from about 280K on Earth to 40-60K at
Pluto. Thus the materials must be highly
dimensionally stable, chemically nonre-
active, and with good structural capabili-
ties and manufacturability.

The result of this set of constraints was
the decision to make the entire instru-
ment, optical and structural, of silicon
carbide (SiC). This in turn led to a new
approach to the instrument's subse-
quent development. The JPL designers
spent considerable effort in selecting
industrial "teaming partners" to carry out
the design to take advantage of SiC's
strengths and to meet the other project
constraints. “We don't think of anyone
we worked with as vendors," Vane said.
“This was truly a joint design effort. The
revolution has really taken place." The
PICS structural configuration was devel-
oped in collaboration with SSG Inc. of

ELECTRONICS

Schematic of the Planetary Integrated Camera-Spectrometer. APS = active pixel

Sensor arrays.

be taken closest to the planet, and the
intermediate-resolution IR in between.
A further advantage is that this design
feature eliminates the need for a scan
platform, again reducing weight and
power requirements. By contrast, Voya-
ger's four-instrument optical remote
sensing package, including its scan plat-
form, weighed 200 kg, consumed some
75 W of power, and filled a total volume
of close to a meter in both diameter and
height. PICS is also expected to cost less
than $20 million, whereas the Voyager
equipment was more than $100 million.
The team’s solution to the complex
materials issue turned out to be simple.
In addition to the question of mass, the
instrument had to have long-term toler-
ance of a wide range of temperatures,

Waltham, MA. Others in the integrated
team were Rockwell Science Center (the
IR focal plane arrays), the University of
Arizona (UV spectrometer), and the U.S.
Geological Survey, which is the home
institution of the PICS principal investi-
gator, Dr. Laurence Soderblom.

All of PICS's data-gathering systems
share a single off-axis Gregorian tele-
scope. Both primary and secondary mir-
rors are off-axis sections of rotationally
symmetric aspheres, enabling them to
be fabricated by diamond turning with
post-polishing. In the UV spectrometer
channel, the primary mirror focuses the
light directly through an entrance slit,
and an aberration-corrected concave
diffraction grating sends it to the UV
detector.
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The other instruments share the sec-
ondary mirror, an aluminum-coated con-
cave mirror that picks up the fields reflect-
ed from a fold mirror. Another fold mirror
directs the light to the focal plane assem-
blies of the two CCD cameras. A dichroic
beamsplitter cube splits the light for the
two. Diffraction-limited performance is
achieved over both CCD fields of view.

Making the infrared imaging spectrom-
eter slit off-axis from the CCD fields
enabled the designers to use a small
prism bonded to the dichroic cube to
split off the light for it. The IR spectrome-
ter had to be small enough to be cooled
as part of the cold focal plane assembly
to minimize thermal background. The
team chose a design from the Czerny-
Turner family with an overall focal length
of just 7 cm. The field curvature was
compensated for by an off-axis segment
of a spherical field-flattening lens. The IR
spectrometer also uses a plane grating
with 110 grooves/mm.

The UV spectrometer uses a toroidal
grating with 1400 grooves/mm that
focuses the light onto an intensified CCD
detector of the same type as that in the
visible channel, to simplify data acquisi-
tion and control electronics. The grating
is holographic to minimize stray light, and
produces a flat image plane on the
detector, which is a single microchannel
plate coupled to a phosphor output.

Another aspect of commonality is that
the electronics are integrated: that is, one
signal chain serves all of the PICS's
channels. State-of-the-art electronics
packaging such as hybrids and gate
arrays help to minimize mass and size.

Focal Plane Demands

The science requirements of the mis-
sion imposed some difficult demands
on the design of the IR focal plane.
Among them are a need for a very high
signal-to-noise ratio of greater than 100
in all spectral channels; high spatial and
spectral resolution, requiring at least a
256-X-256-pixel staring focal plane; radi-
ation hardness, especially against the
spacecraft's own plutonium-powered
RTG power units; and modestly low oper-
ating temperature achievable with radia-
tive cooling, obviating the deployment of
active coolers.

A further consideration was to base
the design on proven IR focal plane array
technology. If none could be found to
meet all of PICS's requirements, then the
goal was to adopt an existing design and
make as few modifications as possible to
fulfil the design objectives. The PICS
focal-plane readout thus represents an
evolutionary advancement on the suc-
cessful Near Infrared Camera and Multi-
Object Spectrograph (NICMOS-3) read-
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out developed by the Rockwell Science
Center of Thousand Oaks, CA. The NIC-
MOS-3, a Hubble Space Telescope sec-
ond-generation replacement package,
has also been utilized for several years in
ground-based astronomical cameras at
the world's leading observatories.
Meeting the demanding signal-to-
noise ratio needed for high detectivity
with the small optical system requires
very low read noise. The team will
improve on the NICMOS-3's already low
noise—about 30 electrons input refer-
red—by eliminating the earlier instru-
ment's reset anomaly, bringing the read
noise down to a predicted 10-15 elec-

trons and resulting in greater operating
efficiency and some reduction in data-
storage requirements.

The JPL team is currently building a
PICS flight model for the New Millennium
Deep Space | solar electric propulsion
asteriod mission, slated for launch in July
of 1998. Though the Pluto mission has
not yet been approved by Congress, the
call for the payload was expected this
summer, with a launch target of 2001,
and the US Geological Survey will pro-
pose PICS for it.

For more information, contact
Gregg Vane at (818) 354-2851; Fax
(818) 393-4369.
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Manufacturable Self-lmaging Waveguide Devices

Device fabrication with improved throughput and polarization characteristics
uses standard processing techniques.

Army Research Laboratory, Adelphi, Maryland

The self-imaging effect in planar opti-
cal waveguides can be used to perform
a variety of functions, such as beam-
splitting and recombining, beam steer-
ing and switching, and signal multiplex-
ing and demultiplexing. Several groups
have demonstrated novel self-imaging-
based devices in semiconductor wave-
guide systems.

Using reactive ion etching (RIE) to
fabricate these devices produces deep

1-X-N optical beamsplitting is a prac-
ticable application of the self-imaging
effect in waveguides. Figure 1 illustrates
the evolution of the guided field as it
propagates through the multimode in-
terference (MMI) region of a 1-X-4
beamsplitting device. The sidewalls of
the device reflect the laterally diverging
field, and a standing wave interference
pattern is produced. An array of output
ridge waveguides collects the light

where four constructive interference
nodes are formed.

To demonstrate self-imaging with the
partial-etch technique, the ARL team
fabricated 1-X-4 and 1-X-16 beamsplit-
ters on an asymmetric air-GaAs/AlGaAs
waveguide. A standard planar process
of ion milling took place through a pho-
toresist mask. A scanning electron
micrograph of a ridge waveguide adja-
cent to the device is shown in Figure 2.
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Figure 1. 1-X-4 self-imaging waveguide beamsplitter: (a) perspective view of the device and (b) computer model of the electric field's evo-

lution through the MMI region.

recesses with vertical sidewalls in
semiconductor materials. In important
waveguide material systems such as
LiINbO; and LiTaOs, however, it is dif-
ficult to etch such deep recesses
with vertical sidewalls. Researchers at
the Army Research Laboratory (ARL)
have demonstrated that a partial etch
with sloping sidewalls is still suffi-
cient to realize self-imaging. This
fabrication technique eases manufac-
turability, increases applicability to
diverse waveguide material systems,
reduces insertion loss, and decreases
polarization crosstalk.
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Figure 2. Transverse waveguide structure: (a) line drawing of the transverse waveguide and
the device sidewall, and (b) scanning electron micrograph of the cleaved facet of a ridge wave-
guide adjacent to the device. The sidewall slant is 54° relative to the waveguide surface and
the etch depth is 0.5 um.
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A Digital CCD Detector
for Every Experiment

Princeton Instruments, the leading detector manufacturer for over 13 years,
offers a complete line of cooled detectors, accessories, and options. We provide
competitively priced, superior performance solutions to any experimental problem.

Liquid Nitrogen Cooled Detectors

v/ Liquid nitrogen cooled detectors offer the lowest
dark charge, allowing exposures of several hours

v/ Wide range of precisely thermostated temperatures
/' Large dewar (shown at right) for longest hold times

v User selectable software controlled
readout rates for lowest possible read noise

v/ Highest actual dynamic range due to
Princeton Instruments optimized electronics

Thermoelectrically Cooled Detectors

v/ Continuous readout up to five million pixels per second

v Completely programmable hardware optimizes
timing, readout rate, and display rate

v/ Dual A/D converters offer both high speed

and high dynamic range in a single detector

™~ y | Baadkan __ige  _§ Ny - &
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v

Single photoelectron detection
with maximum detectability

Superior grade intensifiers

with high linearity and low lag

7/ Air cooled model available

Princetonlnstruments,inc!

USA: 3660 Quakerbridge Road, Trenton, N.J. 08619 Tel: 609-587-9797 Fax: 609-587-1970
CANADA: Princeton Instruments Canada, Tel: 613-836-1073 FRANCE: Princeton Instruments, SARL, Tel: 1-69-36-47-50
JAPAN: Nippon Princeton Instruments, Tel: 43-268-3610 UK: Princeton Instruments, Ltd., Tel: 01628-890858
Sixteen representatives worldwide. Call or write for the representative nearest you.
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Note that the etched recess extends only
halfway through the guiding layer and
that the sidewalls of the device are sloped
at about 54° relative to the surface.

For self-imaging to be realized within
a waveguide, the MMI region's side-
walls must form reflective surfaces
that still maintain transverse confine-
ment of the guided wave. The partially
etched sidewalls form total-internal-

The output facet of a 1-X-16 self-
imaging waveguide beamsplitter is shown
in Figure 3. The best uniformity mea-
sured in the 1-X-16 devices was + 7.8%,
and the polarization crosstalk was typi-
cally -25 dB for both the transverse-
electric to transverse-magnetic (TE-to-
TM) and the TM-to-TE conversions. In-
sertion-loss measurements are typically
calibrated against an adjacent straight-

waveguide provides low insertion loss,
low polarization crosstalk, ease in man-
ufacture, and application to diverse
material systems. These device charac-
teristics lend themselves to integration
with the modulators, amplifiers,
sources, and detectors of a number of
waveguide material systems. Sophisti-
cated signal-processing devices such as
wavelength division demultiplexers and
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Figure 3. Imaged output facet of a 1 X-16 self-imaging waveguide beamsplitter. The output ridge waveguide array pitch is 5 pm.

reflection (TIR) interfaces for the wave-
guide modes if two conditions are met:
(1) the sidewall profile is constant along
the light-propagation direction, and (2)
the input(s) to the device have the same
transverse-waveguide structure as the
MMI region. Under these conditions,
the waveguide modes are totally inter-
nally reflected regardless of the slope of
the sidewall.

through waveguide. In many of the
devices fabricated at ARL, the insertion
loss in the splitter was actually less than
that in the adjacent straight-through
ridge waveguide. This low insertion loss
and the low polarization crosstalk are
attributed to reduced scattering of the
waveguide fields off device sidewalls.
A self-imaging waveguide device fab-
ricated with a partial etch of the planar

optical signal routers are viable using
the self-imaging effect.

This work was done by Dr. Tristan J. Tayag
and Dr. David M. Mackie of the Army
Research Laboratory, Adelphi, MD.
Inquiries conceming this technology should
be addressed to Director, US Army Research
Laboratory, Attn: AMSRL-TT-TA (Norma
Vaught), 2800 Powder Mill Rd., Adelphi, MD
20783-1197; (301) 394-2952.

Microlaser Doppler Anemometers
These devices could be useful in medical, automotive, aeronautical,

and scientific applications.

NASA’s Jet Propulsion Laboratory, Pasadena, California

Microlaser Doppler anemometers
(ULDAs) consisting of distributed-feed-
back (DFB) lasers with integrated binary
optics and avalanche photodiode detec-
tors have been proposed. The laser
Doppler anemometers now commercial-
ly available are large, fragile, power-hun-
gry instruments made with gas or solid-
state lasers, optics, and photodetectors
as separate units that must be assem-
bled and aligned with each other. The
proposed pLDAs would be relatively
inexpensive devices that would offer the
advantages of low power consumption
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and compact, rugged, unitary construc-
tion that would maintain the alignment
of the optics. Furthermore, unlike other
miniature flow sensors based on mea-
suring the loss of heat from hot wires
and films, the proposed uLDAs would
not be difficult to calibrate; the uLDAs
would also be much less susceptible to
errors induced by changes in tempera-
ture, and would not perturb the mea-
sured flows significantly. The compact-
ness, ruggedness, and low power con-
sumption of yLDAs would make them
attractive for measuring a variety of

flows, including (to name a few) flows of
blood and/or air in the human body;
winds; flows of air near aircraft-control
surfaces; and flows of various gases and
liquids in automotive engines.

Like older laser Doppler anemome-
ters, a JLDA would measure a flow in a
small, remote probe volume by measur-
ing light scattered from particles en-
trained in the flow. In a basic laser
Doppler anemometer, a laser beam is
split into two beams that are focused
and made to intersect, thereby defining
the small probe volume at the intersec-
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tion. The light scattered by particles pass-
ing through the two beams exhibits a
slight difference in the Doppler-shifted fre-
quency. This frequency difference, which
is proportional to the particle velocity per-
pendicular to the optical axis in the plane
of the beams, is detected as an intensity
modulation of the scattered light in isolat-
ed “bursts” of light generated by particles
passing through the measurement vol-
ume. Accordingly, the scattered light is
continuously monitored, and the frequen-
cy content of these “Doppler bursts” is
analyzed to determine particle speed.
The top part of the figure illustrates a
laser Doppler anemometer of typical

older design, assembled from separate
components. The bottom part of the fig-
ure illustrates a typical uLDA. The source
of light would be a DFB laser diode with
ridge waveguides on both ends. Two
focusing grating couplers (FGCs) — on
each end — would be connected to the
DFB laser diode via the ridge wave-
guides. All of these components, plus a
photodetector (not shown) to measure
the scattered light, would be fabricated
on one substrate as a unitary optoelec-
tronic integrated circuit.

Instead of splitting a single laser beam
as in an older laser Doppler anemometer,
the uLDA would generate two coherent

laser beams propagating in opposite di-
rections, each traveling along one of the
ridge waveguides toward the FGC. The
FGCs would be curved, chirped gratings
that would diffract the laser beams out
of the plane of the substrate at the
required angles and would focus the
beams into the probe volume.

This work was done by Michael E.
Hoenk, Richard D. Martin, and Siamak
Forouhar of Caltech for NASA’s Jet Pro-
pulsion Laboratory. For further infor-
mation, write in 5 on the TSP Request
Card. NPO-19538

Scattered Light

/ Photodetector
Probe Volume
at Intersection

Collimating Beam
Lens Splitter Lens

LASER DOPPLER ANEMOMETER (TYPICAL OLDER DESIGN) MADE FROM SEPARATE COMPONENTS

‘«—— Probe Volume at Intersection

Ridge Waveguide

PROPOSED jILDA

A Proposed pLDA (not to scale as shown here) would be an optoelectronic integrated circuit. It would likely be fabricated by combination and
extension of microfabrication techniques that have been used to make AlGa,.,As-based DFB lasers and electron-beam direct-write techniques

that have been used to make diffractive optics.
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Thin-Film, Light-Energized Bimorph
Micromechanical Actuators

Efficiencies would exceed those of older bulk-piezoelectric devices.
NASA’s Jet Propulsion Laboratory, Pasadena, California

Micromechanical actuators of a pro-
posed type would be based on the
bimorph concept, but would be ener-
gized by incident light instead of by
applied voltages. In a given device, light
could be supplied by a remote-con-
trolled source or by a built-in semicon-
ductor laser, for example. These devices
offer the potential for contactless, pre-
cise actuation with tetherless control.
They could prove useful in miniature
walking, vibrating, or gripping mecha-
nisms that could be used, for example,
to power miniature motors, explore ter-
rain, inspect narrow crevices, or hold tis-
sues during microsurgical procedures.

Conventional, voltage-energized bi-
morphs contain relatively thick wafers of
bulk piezoelectric materials. A typical
proposed device would contain thin (1 to
10 pm thick) films of the ferroelec-
tric/piezoelectric material lead lanthanum
zirconate titanate (PLZT) deposited on
opposite faces of a thin (25 to 35 ym
thick), flexible substrate of silicon or per-
haps a polyimide or other suitable poly-
mer (see figure). The mass of the pro-
posed device would be less than 10 mg
— about 1/30 that of a conventional
device of similar capability. The capaci-

Thin Substrate of Silicon or a
Thin Film of Polymer

Films of PLZT N
1 to 10 um Thick ;

lllumination

Thin Films of PLZT on a thin, flexible sub-
strate would constitute a bimorph that,
when illuminated, would bend away from
the source of light.
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tance, and thus the response time of the
proposed device would be of the order
of 1/10 that of the conventional device.
Moreover, the proposed device would
be about 100 times as efficient.

When exposed to light, a sheet of
PLZT exhibits a voltage attributable in
part to the ferroelectric effect, and

involving physical mechanisms quite dis-
tinct from those of semiconductor pho-
tovoiltaic cells. By the reverse piezoelec-
tric effect, this photovoltage causes the
sheet to bend away from the source of
light. Thus, a sheet of PLZT can function
as a light-driven actuator. To enhance
the deflection, two oppositely poled
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sheets can be bonded together on a suit-
able substrate, as in a conventional bi-
morph. The photovoltage is believed to be
generated within an outer surface layer
only 10 pm thick on the side facing the
source of light; if true, this would make the
proposed low-mass, thin-film design con-
cept feasible.

The greater efficiencies of the pro-
posed devices (in comparison with those
of conventional bimorphs) would be
obtained by exploiting the following
effects:
¢ | osses caused by bonding processes

would be eliminated.

* Losses of light by scattering would be
reduced because the densities of
defects in the thin films would be much
smaller than in conventional piezoelec-
tric ceramic wafers.

e The optical absorption coefficients of
thin films can be tailored to be almost
20 percent greater than in the corre-
sponding bulk materials.

¢ The crystalline structures of PLZT films
can be oriented to match the polariza-
tion of the incident light.

e By appropriate doping, the response

wavelength of the PLZT can be tailored
for the visible part of the spectrum.
Current materials are most responsive
at 350 nm to 370 nm, and therefore,
applications specifically in the biomed-
ical arena which utilize near-UV irradia-
tion in the chosen range will immedi-
ately exploit the potential of this effect.
This work was done by Sarita Thakoor
of Caltech for NASA’s Jet Propulsion
Laboratory. For further information,
write in 49 on the TSP Request Card.
NPO-19607

Large-Area Avalanche Photodiodes for Oceanographic

Lidar Systems

A laboratory-industry collaboration strives to develop devices to replace

the photomultiplier tube.

Naval Air Warfare Center, Aircraft Division, Warminster, Pennsylvania

The Aircraft Division of NAWC and
Advanced Photonix Inc. have been work-
ing to develop large-area (16-mm)
avalanche photodiodes (APDs) for use in
blue-green oceanographic pulsed laser
radar (lidar) systems. Current lidar sys-
tems primarily use a photomultiplier tube
(PMT) as a detector. Although the PMT

has very low noise and very high gain
(105-106), the PMT suffers from low
quantum efficiency (QE of 5-20%), mod-
erate dynamic range (3-5 orders of mag-
nitude), and the fragility inherent to a vac-
uum tube. The large-area APD has a gain
of 1000, a dynamic range of 8-9 orders
of magnitude, and a QE of 70-80% for

p Stabilities < 0.002°C
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the blue-green sector of the spectrum.
Also, since the APD is a solid-state
device, it is much more robust and less
liable to sustain physical damage, a plus
for Navy systems. The bandwidth of the
large area APD is currently 50 MHz; work
is under way to increase this to 100 MHz.

One facet of this development pro-
gram has been to develop a pixelated
imaging APD from the large-area device.
Imaging detectors allow lidar systems to
do both target detection and target clas-
sification with the same receiver.
Advanced Photonix has developed a
novel reverse etching process that main-
tains the active area of the original large-
area device. This technique has been
used to manufacture an 8-X-8 pixelated
large-area APD array, and work is cur-
rently under way to develop higher-reso-
lution arrays.

Testing has been conducted on both
the large-area APD and the 8-X-8 arrays.
Measurements have included band-
width, rise and fall times, quantum effi-
ciency, gain, noise characteristics, and
crosstalk between pixels (for the array).
These measurements were made as
functions of wavelength, optical input
intensity, and bias voltage. Crosstalk
between pixels was characterized under
both continuous-wave and pulsed (3-ns)
conditions. Effective pixel size of the
array was also measured optically.

The pulse response was measured by
injecting a 3-ns laser pulse into the
device under test. Its output was ampli-
fied by an Analog Modules Inc. Model
382 log amp to increase the dynamic
range of the measurement. The mea-
sured response of the large-area APD
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decays 3 orders of magnitude in 150 ns.
The long tail response is believed to be
caused by surface defects on the face of
the APD that create electron trapping
centers, whose long lifetime causes such
response to be increased. Work is under
way to decrease tail response time. The
rise time is 20 ns. The measured re-
sponse of the array decays approximate-
ly 3 orders of magnitude in 60 ns. The rise
time of the pixel is on the order of 5 ns.
The effective pixel size was measured
by scanning a very small laser spot (0.25
mm) across the pixel under test. Output
was monitored with a Keithley Inc. Model
617 electrometer. The measured pixel
size was approximately 1 mm. This
matched very well with the expected
physical pixel size, which was 1 mm.
Crosstalk between pixels was mea-
sured by injecting an optical signal into a
pixel and, as the power input was in-
creased, noting the current output of an

adjacent pixel. The crosstalk is on the
order of 1000 to 1.

Testing continues to be conducted on
the large-area APD and the pixelated
APD array to evaluate their usefulness
for lidar and other electro-optical sys-
tems. Future work will include forming
an image from the array, optimization of
the APD's structure for the blue-green
spectrum, low-noise amplifier design,
and integration of it with the device.

This work was done by David Allocca of
AMPAC Inc. and Dr. V.M. Contarino at the
Naval Air Warfare Center, Aircraft
Division, Warminster, PA. Inquiries about
this work may be directed to Mr. Allocca
at Ampac, 2640 Amy Dr.,, Nomistown, PA
19403; (215) 441-1957; FAX (215) 441-
3470. Alternative contacts are Dr. Con-
tarino, M.F. Squicciarini, and R.1. Billmers
at the NAWC, Aircraft Division, Code
5011, Warminster, PA 18974-5000;
(215) 441-1569; FAX (215) 441-3470.

Laser Velocimeter for Measurements

Near a Wall

Crossflow velocity is measured more easily.
Ames Research Center, Moffett Field, California

The addition of a probe supporting a
mirror at its end enables a laser velo-
cimeter to measure the crossflow veloc-
ity directly in turbulent flow near the wall
of a wind tunnel. This modification over-
comes some of the limitations of prior
laser velocimeters used to measure
crossflows near a wall. These limitations
include low signal-to-noise ratios, insuf-
ficient sensitivity to the crossflow veloci-
ty, and spurious signals from particles
outside the intended small measurement
volume in simultaneous multivelocity
component measurement applications.

The laser beams enter the wind tunnel
approximately perpendicularly to the
wall. The probe can be introduced
through the same or the opposite wall.
The mirror on the probe turns the laser
beams through a right angle to grazing
incidence on the wall or on a plane near
and parallel to the wall. The probe is
mounted to move with the other laser
velocimeter equipment in scanning the
measurement region. Alternatively, the
laser beams might be introduced
through a fiber-optic head on the probe
(see figure on next page).

The use of the mirror probe involves
three major disadvantages, but it offers
several advantages in return. The first
disadvantage is that with the introduc-
tion of the probe, the technique is no
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longer noninvasive. The second disad-
vantage is that one has to measure
light scattered from the measurement
volume perpendicularly to the optical
axis, and this light is considerably less
than is light scattered forward (along
the optical axis). The third disadvan-
tage is that to minimize spurious scat-
tering of light by the wall and to enable
measurements of perpendicularly scat-
tered light, the wall in the measurement
region has to be made transparent and
optically smooth.

One of the advantages is that the per-
pendicular scattering provides for short-
er sensing volumes (consequently, high-
er spatial resolution) and, perhaps, bet-
ter isolation of the velocimetric pho-
todectector from background light. One
very important advantage is that the
crossflow velocity can be measured di-
rectly at a grazing incidence, which
allows for better spatial resolution nor-
mal to the wall and reduced background
light. Another advantage is that the
transmitting and receiving lenses can
be placed close to the measurement re-
gion: this facilitates the use of a small
measurement volume, and because the
solid angle subtended by the receiving
lens is relatively large, this lens can col-
lect a relatively large amount of scat-
tered light to provide a higher signal-to-
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noise ratio. Yet another advantage is that
measurements of turbulence are relative-
ly free of spurious signals from particles
outside the measurement volume in
simultaneous multivelocity component
measurement applications. Finally, the

with regard to applications in differ-
ent facilities.

This work was done by D. A. Johnson
of Ames Research Center and S. D.
Abrahamson of the University of Minne-
sota. For further information, write in 63

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Ames Research Center. Refer to ARC-
12707.

probe provides increased flexibility on the TSP Request Card.
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Off-Line-Locked Laser-Diode Chemical-Species Monitor
A reference gas species could reside outside a reference cell.
Marshall Space Flight Center, Alabama

The figure shows the major function-
al blocks of an improved tunable-laser-
diode gaseous-chemical-species moni-
tor. Like older instruments of the same
general type, this one generates a laser

beam at the wavelength of a character-
istic absorption spectral line of a chemi-
cal species of interest, projects the
beam through a gas (which could be air),
and measures the absorption of the

beam in the gas to determine the con-
centration of the species in question.
Also like its predecessors, this instru-
ment includes a reference cell plus a
wavelength-dithering feedback control
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The Laser Wavelength Is Alternated between that of an absorption spectral line of a reference species and that of an absorption spectral line
of the species of interest. The reference species can be located in either the measurement volume or the reference cell.
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system to lock its wavelength to an absorption spectral line
of a known reference species. However, unlike in the older
instruments, the reference species need not be the species
of interest, and need not reside in the reference cell; these
are important advantages when the species of interest is
transient or unstable (e.g., a radical), too corrosive to be con-
tained in a reference cell, or a stable species in an excited
state that cannot be maintained in sufficient concentration in
a reference cell.

These advantages are afforded by an off-line-locking
scheme, in which the wavelength is locked to a reference spec-
tral line at a known wavelength that differs from the wavelength
of the spectral line of interest by a known amount. This scheme
involves operation of the tunable laser diode in alternation
between two wavelengths: First, the laser diode is locked to
the reference spectral line during a short tuning period. Next,
the line lock is temporarily disabled and the wavelength is
abruptly shifted by the known wavelength difference to the
absorption line of interest and held there during a short absorp-
tion-measurement period. The wavelength is then abruptly
shifted back to the reference spectral line, the line lock is
restored, and the cycle is repeated.

The abrupt shifts in wavelength and the rapid reference-line-
locking adjustments of wavelength are effected by changing
the laser-diode drive current according to the known depen-
dence of the laser wavelength on the drive current as deter-
mined previously in calibration measurements. As part of an ini-
tial coarse setting of wavelength near the reference line, the
current is initially set at a nominal value according to this known
dependence. In addition, the temperature of the diode is main-
tained at a steady value, in coordination with the initial current
setting, according to the known dependence of wavelength on
temperature for a given drive current. The wavelength-vs.-tem-
perature and wavelength-vs.-current information are contained
in the memory of the microprocessor.

The beam from the laser diode strikes the beam splitter,
which diverts a small part of the beam power through the refer-
ence cell. The rest of the beam power travels to the measure-
ment region, which can be either an open region or a space
inside a sensor head. After passing through the measurement
region, the beam is received by photodetector 1, the output of
which is fed to phase-sensitive detectors (PSD1, PSD2, and
PSD3) in the control and measurement circuitry.

Depending on the chosen mode of operation, PSD1 puts out
a signal proportional to either (a) the dc component of the out-
put of photodetector 1 or (b) the first harmonic of the time-vary-
ing component of the electrical output of photodetector 1. The
dc or first-harmonic signal provides an indication of the intensi-
ty of the laser beam in the measurement region. The output of
PSD2 is the second harmonic (or a higher even harmonic),
which provides an indication of absorption by the species of
interest. The microprocessor divides the second-harmonic sig-
nal by the first-harmonic signal to obtain a normalized absorp-
tion signal that is independent of variations in the intensity of
the laser beam or of partial obscuration of the optics by dirt.

If the reference species is located in the measurement
region, then the off-line-locking scheme utilizes the output
of photodetector 1. If the reference species is located in the
reference cell, then the scheme utilizes the output of pho-
todetector 2, which receives the small portion of the laser
beam that has passed through the reference cell. In either
case, the applicable photodetector output is fed to PSDS,
which puts out a signal proportional to the third harmonic
(or a higher odd harmonic). This signal constitutes an error
signal, which is zero when the laser wavelength equals the
reference wavelength. This error signal is supplied to the
line-lock circuit, which generates a frequency-correction
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signal for the laser-control circuit.
This work was done by Jamine Lee,
Steven Richtsmeier, Neil Goldstein,
Michael Gersh, and Fritz Bien of Spectral
Sciences, Inc., for Marshall Space
Flight Center. For further information,

write in 94 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

Spectral Sciences, Inc.

99 South Bedford St., #7

Burlington, MA 01803-5169

Refer to MFS-26352, volume and
number of this NASA Tech Briefs issue,
and the page number.

Long-Trace Profiler for In-Situ and Vertical
Scanning Applications

Precision metrology of x-ray mirror surfaces is available in harsh
environments and over a 3-D area.

Brookhaven National Laboratory, Upton, New York

The long-trace profiler Il (LTP Il) is used
to measure the shape of large flat and
cylindrical aspheric mirrors used in syn-
chrotron radiation (SR) beamlines. This
instrument was originally developed at
Brookhaven as part of a program funded
by the US Dept. of Energy Office of Basic
Energy Sciences in collaboration with
Lawrence Berkeley Laboratory. A coop-
erative research and development agree-
ment (CRADA) was established with
Continental Optical Corp. to meet the
demand from laboratories and institu-
tions around the world for instrumenta-
tion to measure grazing-incidence mir-
rors, and to develop new applications
for the instrument.

Continental Optical is developing an
in-situ LTP (ISLTP) to be used to mea-
sure the shape and distortion of mirrors
subjected to extremely high heat loads
in the ultrahigh-vacuum environment of
SR storage rings, and a vertical-scan
LTP (VSLTP) to measure the three-
dimensional shape of large x-ray tele-
scope components.

The LTP is designed to measure the
figure of large aspheric mirrors used to
reflect x-rays at extreme grazing inci-
dence angles. Mirrors used in grazing-
incidence SR beamlines are often
shaped like segments of cylinders or
toroids, or far-off-axis conic sections
such as paraboloids and ellipsoids.
These mirrors are difficult to manufac-
ture, since they require unconventional
grinding and polishing techniques, and
they are extremely difficult to measure by
conventional optical testing technigues.

The LTP uses a noncontact optical
probe mounted on a precision air bearing
slide to scan down the length of the opti-
cal surface. The probe consists of a col-
limated laser beam split into two collinear
beams separated by a distance of one
millimeter. They are reflected off the test
surface during the scan and are recom-
bined and brought to a focus onto a lin-
ear-array detector. The position of the
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interference fringe on the detector
records the local slope of the surface
under test, and the height profile of the
surface is computed by integrating the
slope values. The intrinsic noise level of
the system is less than 0.5 microradian
per point, which permits measurement of
slope errors in the range of 0.1 arc sec-
ond with high precision and accuracy.
The instrument is optimized to measure
errors on the meter-long optics used in
SR beamlines and for x-ray telescopes.
The ISLTP is being developed in collab-
oration with the Advanced Photon
Source at Argonne National Laboratory
and Sincrotrone Trieste in Italy. Because
of the high-radiation environment and

UHV flange that can be easily removed
from the mirror chamber and installed on
another chamber as necessary.

The VSLTP incorporates a precision
rotation stage for azimuthal scan capabil-
ity and a vertical linear translation stage
to move the scanning prism over the
entire surface of x-ray telescope compo-
nents. The system is designed to mea-
sure both the exterior surface of highly
polished mandrels and the interior sur-
face of replicated telescope cylinders.
The vertical configuration minimizes the
effects of gravity distortion on the mea-
surement and permits accurate mea-
surement of the true surface shape. The
3-D surface scan capability can also be

UHV chamber

LTP Optical Head

Schematic of the in-situ long-trace profiler for scanning surfaces in ultrahigh vacuum in high-
radiation environments at synchrotron radiation light sources.

ultrahigh-vacuum compatibility require-
ments, the standard LTP configuration is
modified so that the optical head remains
stationary while the probe beam is
scanned across the surface by a penta
prism moving on a linear translation
stage. Only the prism and translation
stage are inside the vacuum chamber.
The optical head can be easily shielded
from stray x-ray radiation outside the
chamber. The design goal for the ISLTP is
to make the system portable by mounting
the entire scanning system on a single

applied to the standard LTP to measure
the complete surface of large flats, long-
radius spheres, and other cylinders in
the horizontal scan configuration.

This work was done by Peter Z. Takacs
at Brookhaven National Laboratory.
For information regarding the use of this
technology, contact Dorry Tooker, Office
of Technology Transfer, Brookhaven
National Laboratory, Building 902C, PO
Box 5000, Upton, NY 11973-5000; (516)
282 7338.
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Self-Injection-Locked Electro-Optical

Microwave Oscillator
Delayed feedback injection-locks the oscillator

to its past output.

NASA’s Jet Propulsion Laboratory, Pasadena, California

An experimental self-injection-locked
electro-optical oscillator has been con-
structed as a prototype of hybrid pho-
tonic/electronic devices that would pro-
duce stable optical signals amplitude-
modulated by microwave signals with
frequencies up to 70 GHz, making those
signals available as both optical and
microwave outputs. These devices
could be particularly useful in cellular
telephone systems, where they could
serve as photonic/electronic frequency
converters (both up and down) that
would be installed at antennas for fiber-

optic communication between the
antennas and remote base stations.
The injection-locking technique has
been widely used to stabilize microwave
oscillators. However, the success of this
approach depends on the availability of
low-noise, stable-frequency injection
signals. Heretofore, the injection signals
were generated by separate low-noise,
stable-frequency oscillators. The present
approach to injection locking eliminates
the need for a separate injection-signal
source. Instead, a delayed, attenuated
sample of the output of the oscillator
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This Electro-Optical Microwave Oscillator features injection locking to a delayed replica of
its own output via a fiber-optic delay-line discriminator.
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Pulsed Laser ‘
Diode Driver

* Pulse Current 1A to 100A
* Pulse Width 25ns to 1us
* Pulse Frequency to 5KHz

The LDX-100 is a benchtop
laser diode driver designed to
drive diode lasers, bars and
arrays in RANGE FINDER,
LIDAR and other applications
requiring high current and
narrow pulses.

=DEI |

Directed Energy, Inc.
2301 Research Blvd., Ste. 105,
Ft. Collins, CO 80526
Fax 970.493.1903
Email deiinfo@dirnrg.com

970.493.1901

For More Information Write in No. 463

Attention OEM Users:

Ti:Sapphire

Laser Rods

¢ Ti;O; concentration
0.03-0.19%

3 - 8mm Diameter
Lengths to 120 - 130 mm

¢ Plano/Plano (Flat/Flat) or
Brewster Angle

e FOM > 150 (typically 250),

A =532 nm

o Wavelength tunable lasers

e 532 wavelength

e Lased over entire band,
660- 1100nm

e For CW or Pulse systems

ATRAMET INC.

222 Sherwood Ave., Farmingdale NY 11735
TEL: 516-694-9000 « FAX: 516-694-9177

Email: BABLZBAgProdigz.com ‘

For More Information Write In No. 464



1" to 6" I.D.
Coated/Uncoated

Overnight Delivery! No extra chargel
Pay the freight, and it's yours...tomorrow

CORPORATION

428 Waverly Avenue. P.O. Box 320
Mamaroneck, NY 10543-0320 USA

Tel: 800-698-8151

914-698-8111

Fax: 800-698-3629/914-698-3629
MasterCard and VISA accepted.

For More Information Write In No. 465

VERSATILE!

UniSlide*
Positioners

Stackable * Move 1 oz. to 400 Ibs.

With or without travel distance
measurement. Travel lengths
from /4" to 86" ™\

[

‘
Choose ||
from 8 cross- ||
sectional profiles '

7 lead screw pitches, English or Metric,
in standard or high precision grades

Save down-time and expense.
New Catalog G has over 960
reliable UniSlide Assemblies [
including Rotary Tables, Plain,
Rapid Advance and Micrometer
Models. Call 800 / 642-6446
for your free copy.

VELMEX INC.

P.O. BOX 38 » BLOOMFIELD, NY 14443
IN NY STATE 716 657- 6151

For More Information Write In No. 466

itself is used as the injection signal, so
that the oscillator becomes locked to its
own past output; this inhibits the oscilla-
tion from changing its frequency and
phase, reducing fluctuations in phase
and frequency.

The figure illustrates two alternative
configurations of the present self-injec-
tion-locked electro-optical oscillator. As
in the previous apparatus, the feedback
loop for radio-frequency oscillation in
this apparatus includes a fiber-optic
delay line coupled to a photodetector, an
amplifier, and a radio-frequency band-
pass filter, the output of which is applied
to an input terminal of the electro-optical
modulator. The present apparatus also
includes a second feedback loop that
serves as the injection-locking loop. The
injection-locking loop is similar to the
oscillation feedback loop except that its
fioer-optic delay line is longer (e.g., as
long as 12 km) to provide the necessary
delay. Moreover, to prevent oscillations
from starting in the injection-locking loop,
the magnitude of its loop gain is set at
much less than 1.

The remaining instability of the radio
frequency is expected to be due largely
to fluctuations in the lengths of the fiber-
optic delay lines. Thus, further reductions
in frequency and phase noise should be
achievable by maintaining the delay lines
at a constant temperature and isolating
them from vibrations.

This work was done by Xiaotian Steve
Yao and Lutfollah Maleki of Caltech for
NASA’s Jet Propulsion Laboratory.
For further information, write in 45 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-19568, volume and num-
ber of this NASA Tech Briefs issue, and
the page number.

Measuring Differential Frequencies

of Laser-Anemometer Beams
Uncertainties caused by vibrations are reduced.
Lewis Research Center, Cleveland, Ohio

A method of measuring the instanta-
neous difference between the frequen-
cies (the beat frequency) of two input
laser beams in a fiber-optic-coupled
laser-anemometer probe head has been
developed. The instantaneous beat fre-
quency of the laser beams must be
measured because it must be subtract-
ed from the corresponding beat fre-
qguency in the probe output signal to
obtain the Doppler shift and, thus, the
flow velocity that one seeks to measure.

A laser anemometer of the type in
question is used in aerodynamic exper-
iments. To reduce the size and com-
plexity of the probe head, all laser-beam
conditioning and electronic processing
of signals are performed outside the
aerodynamic test chamber. Optical
fibers are used to transmit the input
laser beams to the probe head, and to
transmit the output beams from the
probe head to the signal-processing cir-
cuits. Although the laser beams are
generated with a preset beat frequency
(usually 40 MHz), there is no assurance
that the input laser beams are launched
from the probe head into the flow with
this same beat frequency; this is

because vibrations of the probe head
generate stress waves in the fibers,
modulating the input laser beams in
such a way as to cause random fre-
quency shifts, thus giving rise to large
uncertainties in instantaneous mea-
sured velocities.

Thus, it is necessary to measure the
input-beam beat frequency in the probe
head to obtain the actual value as
altered by vibrations. In the method that
was developed for this purpose, a prism
mounted in the probe head extracts 1
percent of the power of each input laser
beam and sends both 1-percent sam-
ple beams to a nonlinear detector. The
output of the detector includes a com-
ponent at the beat frequency, which is
the preset beat frequency (e.g., 40
MHz) plus or minus any instantaneous
frequency shift caused by vibrations.

This work was done by Dariush
Modarress and Thomas Hoeft of
Physical Research, Inc., and David F.
Schaack, consultant, for Lewis
Research Center. No further docu-
mentation is available. LEW-15619
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Nonintrusive Stress Measurement System
A technology uses light probes to test stress on gas-engine rotor blades.
Engineering Development Center, Amold Air Force Base, Tennessee

In the mid-Seventies AEDC personnel
began developing a technique called the
nonintrusive stress measurement system
(NSMS) to help them test gas-turbine
engines. The purpose was to develop an
alternative to the traditional strain-gage
method commonly used to make stress

measurements on gas-turbine engine
rotor blades during simulated altitude
testing of aircraft engines.

Before NSMS was developed, engi-
neers would attach strain gages directly
to the blade surfaces with their signals
exiting the engine through slip rings or by

ROTOR STAGE

SHAFT @

1/REV SENSOR T

BLADE-TIP SENSOR (S)
} |

" PROCESSOR

BLADE-VIBL:I‘ION AND
STRESS INFORMATION

Figure 2. Arrangement of Two Blade-Tip and
1/Rev Sensors.

Figure 1. Conceptual configuration of Nonintrusive Stress Measurement System.

radio telemetry. These surface-mounted
gages and the associated wiring would
often interfere with the aerodynamic per-
formance of the engine. Also, whether
they lasted hours or failed within a matter
of seconds, these traditional gages had a
very limited life span because of the
engine's extremely high temperatures.
When the gages failed, replacing them
was very expensive, because engineers
would have to disassemble the engine to
install new gages.

NSMS uses light probes to detect
passing events on blade tips (Fig. 1).
Engineers mount the probes (Fig. 2)
through the engine's casing along the
blade's rotation path. Light from a laser is
transmitted through optical fibers (Fig. 3)

Fiber Optic
\Ceble
Lens

Compressor Case
Blade
Rotation

Source

Phote |\~
Detector] puise
Output
Indicating
Blade Passage

Figure 3. Functional schematic of the Blade-Tip Sensor.
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and focused through a lens into the
blade tip's path. As a blade passes, a
portion of the light is reflected back
through the lens into a receiving fiber
optic photodetector. By timing and pro-
cessing these events, engineers can
determine blade-tip vibratory defiections.

From one to four light probes are used
for each rotor stage, depending on the
measurement requirements. One probe
can measure vibration amplitudes; two
probes allow vibration phase and fre-
quency to be determined. Four probes
are needed to detect vibration frequen-
cies that are integer multiples of the rotor
speed. Probe separation angles around
the case's circumference are determined
by the blade's vibration frequency range
or by the bladed-disk system-mode
vibration pattern.

The AEDC NSMS can provide moni-
toring of selected or all blade rows simul-
taneously. Unprocessed digital data are
continuously stored on optical disk.
Processed data can be displayed in a
variety of formats, including Campbell
diagrams, FFTs, modal analyses, and
vibrational amplitude presentations.
Stress conversions are possible where
the deflection-to-stress transfer functions
have been entered into the database.

The advantages of using the NSMS to
support engine testing are improved sen-
sor reliability, increased measurement
coverage to all blades in the instrument
row, improved measurements in the hot
sections of the engine, and minimized
repair due to failed sensors. Potential
additional applications of the NSMS
technique are routine health monitoring
of aircraft engines in flight and the moni-
toring of industrial machinery with rotor-
blade assemblies.

Nonintrusive measurements of rotor
blade vibrations using light probes are
currently being applied and improved by
major US engine manufacturers. The
NSMS technique has proven to be a
valuable supplement to the strain gage,
and has replaced the latter in some en-
gine tests.

This work was done by Sverdrup
Technology, Inc., propulsion contractor
for the US Air Force's Arnold
Engineering Development Center.
Inquiries concemning rights for the com-
mercial use of this invention should be
directed to Henry Jones or Joe Babilon,
AF/DOPT, Arnold Engineering Devel-
opment Center, Amold AFB, TN 37389-
5050; (615) 454 4330.
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NEW PRODUCTS

Pentium-
Based
Laser
Beam
Analyzer
The LBA-300PC
from Spiricon,
Logan, UT, pro-
vides what the
company calls the most advanced technology for
laser beam analysis. The Spiricon framegrabber runs
on the PCl bus of advanced PC computers. The
LBA-300PC software runs under Windows 3.1 or
Windows 95® to provide multiple new features,
including 512 X 480 resolution and Ultracal® for
more accurate spatial measurements.

For More Information Write In No. 800

Thermoelectric
Cooling Above
200°C

Melcor Corp., Trenton,
NJ, designed the
Therma-TEC™ family
of thermoelectric
coolers for cooling, packaging, and power-genera-
tion applications operating up to and beyond 200°C.
First in the series is the HT6-12-40, with a heat-
pumping capacity of 52 W and maximum values of
14.4 V and 6.0 A. The product targets cooling
applications in biomedical equipment, high-tem-
perature electro-optic packaging, and micro-
processors and electronics operating in harsh ther-
mal conditions.

For More Information Write In No. 803

All-Solid-
State OPA
System
Spectra-Physics
Lasers, Mountain
View, CA, offers what
it calls the first all-
solid-state kHz fem-
tosecond optical parametric amplifier (OPA) system. The
system comprises the Tsunami mode-locked Ti:sap-
phire oscillator, the new-generation Spitfire Il kHz regen-
erative amplifier, and the OPA-800. The latter's output
pulses are <130 femtoseconds with up to 100 pJ
power and wavelength coverage from 1.1 ym to 3.0
pm. Harmonic generation and difference-frequency-
mixing options provide wavelength extension from
<300 nm to >10 pm.

For More Information Write In No. 806

Bluve 10-mW
DPSS Laser
A diode-pumped solid-
state (DPSS) laser, the
ICD-430 from HMG
Photonics, Aubum, MA,
- uses the doubled output
of a new crystal, Cr:LiSrAIF (or Cr:LiSAF), to provide a
10-mW single-mode output beam in the blue at 430
nm. The company says it is ideal for compact-disk
mastering, which requires a highly stable output, as well
as data storage, biofluorescence, and lithographic
applications. A high-speed feedback loop controls fre-
quency instabilities, and a second loop at a lower fre-
quency stabilizes the doubling crystal temperature to
retain peak power.

For More Information Write In No. 809
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Solid-State
Single-
Frequency
Green Laser
The all-solid-state diode-
pumped frequency-dou-
bled Nd:YVO, laser
called Verdi® by Coherent Inc., Santa Clara, CA, delivers
more than 5 W of single-frequency continuous-wave
green (532-nm) output. Noise (10 Hz-1 GHz2) is less than
0.1% ms and the beam is near-diffraction-limited. The
package is compact: the laser head is about the size of
a typical shoebox. The company calls Verdi an ideal
replacement for gas lasers in metrology, reprographics,
and pumping of tunable continuous-wave and ultrafast
Ti:sapphire lasers.

For More Information Write in No. 801

Nitrogen Lasers
with Long

Tube Life

Oriel Instruments, Stratford,
CT, says that a proprietary
tube sealing technology for its
nitrogen lasers yields long
shelf life and more than 108
shots per fill. The lasers can
generate ultraviolet pulses 5 ns in duration with energies
greater than 300 microjoules. An optional dye laser
module adds tunability over the 360-750-nm range,
and its two output ports permit the user to switch
between nitrogen and dye outputs. The dye module
accepts a fiber optic focusing adapter for SMA-termi-
nated high-power fibers 200 pm or larger in diameter.

For More Information Write In No. 804

Multichannel
PCl Frame-
grabber
PixelVision Inc.,
Beaverton, OR, de-
signed the Lynx™
multichannel PCI frame-grabber to capture 8, 12 and
16-bit output from scientific and nonstandard digital
CCD cameras. It can accommodate fiber-optic or seri-
al cable input from up to four cameras simuitaneously.
The bus data transfer rate of >55 Mbytes/s makes pos-
sible transfer of an unlimited number of consecutive
frames across the bus in real time. Available with soft-
ware drivers for Microsoft Windows 95, Windows NT, or
Windows 3.1, the board is also offered as an accesso-
ry for PixelVision's SpectraVideo™ digital cameras.

For More Information Write In No. 802

Air Bearing
Motor-Polygon
Assembly

Lincoln Laser, Phoenix, AZ,
introduces the SA24C
motor-polygon  assembly.
This compact air bearing
scanner is bidirectional, uses
a brushless DC motor, and
can operate in any position in which it is mounted.
According to the company, it is the smallest and the low-
est-cost air bearing device on the market, comparably
priced to those using ball bearing technology. Lincoln
Laser says the SA24C's high-speed mirror rotation and
tight tracking accuracy make it a low-cost alternative for
all high-speed scanning applications.
For More Information Write In No. 805

Desktop
Vibration
Isolation Unit

A line of desktop
vibration isolation sys-
tems, called the Table-
Topper™, for small-
scale experiments from Melles Griot, Irvine, CA, comes
in two versions, automatic- and manual-leveling. The
rigid steel working surface, laminated with vibration
retardant, can be supplied with drilled or tapped holes in
standard 1/4-20-on-1-inch centers or M6-on-25-mm
centers. The outer frame links all components and
adds overall rigidity. The automatic version includes
an air filter, auto-leveller sensors, and a regulator; the
manual system comes with a hand pump and valve
adjustment tool.
For More Information Write In No. 807

High-Power
Tunable
Ti:Sapphire
Laser

Polytec P, Auburn,
MA, offers the Elight
Ti:Flash flashlamp-
pumped Ti:sapphire
laser system that can be adapted or customized to pro-
vide pulse energies from 200 mJ to 2.5 J. The compa-
ny says that pulse energies of 2 J at a rep rate of 100 Hz
make this high-power version of the Ti:Flash, at 200 W
average, the most powerful commercially available
Ti:sapphire laser. It can reach the 2-3-pm range through
use of the idler beam of an OPO, and can mix with the
doubled output of an Nd:YAG laser to reach the 300-
330-nm range.
For More Information Write In No. 808

More than
10 W from
DPSS Laser

The Series 220
diode-pumped solid-
state (DPSS) Nd:
YAG laser from Lightwave Electronics, Mountain View,
CA, is now capable of 11 W output power. Designed as
a replacement for lamp-pumped lasers, the device
incorporates “Direct-Coupled Pump” (DCP™) technolo-
gy to increase the output power above the earfier 7 W of
the series in the same compact package. The Series
220 produces continuous-wave output at 1064 nm with
ampiitude noise <0.2% mMs in a TEMy, beam (M2=
<1.2). The microprocessor-based controller has diag-
nostics for performance monitoring.
For More Information Write In No. 811

Compact
Analog
Servo
Subsystem

General Scanning
Inc. (GSI), Water-
town, MA, says the
MiniSax, a credit-
card-sized analog servo subsystem for the compa-
ny's closed-loop galvanometric scanners, opens new
packaging, performance, and price possibilities. The
MiniSax enables easy mounting in space-constrained
scan-head designs, where scanner/servo proximity
insures maximum performance, according to GSI.
The fully featured MiniSax offers a comprehensive
command interface.
For More Information Write in No. 813
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IMPROVE
ANY FUZZY
PROBLEM
WITH
APART!

* World’s leading stray light program! * Improve your
signal-to-noise ratio (SNR) in any oprical system. ¢
Optimize your contrast/detection on any ground- or

space-based system. * Specify your surface quality and
BRDF from a full coating library. » Calculate ghost,
glints, and particle problems before they happen. Breault
Research Organization Inc., 6400 East Grant Rd., Ste.
350, Tucson, AZ 85715; Tel: (800) 882-5085 or (520)
721-0500; FAX: (520) 721-9630.

Breault Research Organization Inc.
For More Information Write In No. 300

POLISHING
EQUIPMENT FOR
SMALL LENSES

| Larsen Equipment Design’s
RP-601 radial arm “Bridge
Technology” and substantially
| reduced size offer the same or
better performance as larger,
more cumbersome polishers,
while offering the efficiencies
associated with size and superior control functions. For
microlenses call Larsen Equipment Design, 1117 NW
52nd St., Seattle, WA 98107; (206) 789-5121; FAX
(206) 789-7756.

Larsen Equipment Design

For More Information Write In No. 301

NEW INFRARED
OPTICS
CATALOG FOR
RESEARCHERS,
MANUFACTUR-
ERS, AND
OPTICAL
ENGINEERS

II-V1 Incorporated, Saxonburg, PA, a worldwide leader in
IR laser oprics, is now offering a 48 page, full color optics
catalog. This catalog is designed to assist researchers, manu-
facrurers and users with the proper selection and specifica-

tion of optics. It features detiled information on all signifi-
cant aspects of infrared optics, including IR Materials.

1I-VI Incorporated

For More Information Write In No. 302

CCD CAMERA
WITH MANY
OPTIONS

A 128-page full-color catalog of
"High-Performance

High Performance
Diggital
Cameras

Digital
CCD Cameras” from Princeton
Instruments outlines the compa-
ny's line, with applications from

microscopy to astronomy. The
cooled slow-scan imaging CCD cameras have spectral response
from x-ray to the near infrared. The catalog has specifications for
the more than 30 CCD chips offered in the cameras, and applica-
tion notes to help in selecting from the line. Princeton
Instruments, Inc., 3660 Quakerbridge Road, Trenton, NJ 08619;
(609) 587-9797; Fax: (609) 587-1970. httpe/fwwweprinst.com

Princeton Instruments
For More Information Write In No. 303

NEW! OPTICS &
OPTICAL
COMPONENTS
CATALOG

Edmund Scientific provides

&= Edmund
!-3 ¥ Scientific

technical design and produc-
tion solutions with our exten-
sive inventory of precision
optics and optical compo-
nents, 236-page color catalog features one of the largest selec-
tions of precision off-the-shelf optics and oprical instruments.
Over 8,000 hard-to-find items, induding a large selection of
magnifiers, magnets, microscopes, telescopes, and “machine
vision” products. Tel: 609-573-6259; Fax: 609-573-6233.
Edmund Scientific Co.,

Industrial Optics Division pept. 1681, Nees
For More Information Write In No. 304

| NEW
CROSSHAIR
PROJECTOR

Lasiris introduces its
new crosshair projector
featuring the same
high-quality, non-gaussian line as its single line projector.
The patented crosshair uses a single laser and optical ele-
ment to generate the crossed lines, thus avoiding the use
of two lasers or a complex beamsplitter configuration. It
is available in a wide range of fan angles, power outputs
and wavelengths. Lasiris, Inc., 3549 Ashby, St. Laurent,
Quebec, Canada H4R 2K3; Tel: 800-814-9552; 514- 335-
1005; Fax 514-335-4576.

Lasiris, Inc.
For More Information Write In No. 305

THERMOELECTRIC
COOLER SHORT-
FORM CATALOG

Melcor Corp., Trenton, NJ, releases a new

six-page shortform catalog design to give
the engineer considering thermoelectric

coolers (TEC) the information necessary
for feasibility, sclection, and performance modeling. Model num-
bers, performance values, physical characteristics, and options are
provided for the company’s sandard product lines, including the
CP series with moderate 1o high heat-pumping capacity; FC sub-
miniature series with low current capacity; center-hole TECs; and
multistage (cascaded) TECs. The catalog also fearures an introduc-
tion to TECs, their benefits and applications, and a "Frequendy
Asked Questions” section, Melcor Corp., 1040 Spruce St.,
Teenton, NJ 08648; Tel: (609) 393-4178; Fax (609) 393-9461
Melcor Corp.
For More Information Write In No. 306

MOVING
MAGNET
GALVANOMETRIC
SCANNER

The number of applications
requiring fast and accurate
placement of laser lmghx or energy is growing at a very high rate.
Cambridge Technology is a world leader in optical scanner tech-
nology, supplying key components to laser beam-steering sys-
tems. In response w industry tends, Cambridge Technology's
new Model 6860 Moving Magnet Galvanometer-Based Optical
Scanner is the latest addition to a series of high-performance
mirror positioning optical scanners. For more information, con-
tact Cambridge Technology, 23 Elm St., Watertown, MA
02172-2821; Tel: (617) 923-1181; Fax: (617) 924-8378.

Cambridge Technology Inc.
For More Information Write In No. 307

DPSS SLAB
LASER
BROCHURE

Descriptive literature is
offered by the manufactur-
er of high-average-power
diode-pumped solid-state
(DPSS) slab lasers for com-

mercial and industrial

applications. Systems are
available in quasi-CW configurations for operation 1o 2
kHz, and CW pumped to 20 kHz. Outpur powers in
excess of 100 W and energy levels to 1 ] are available.
Curting Edge Optronics Inc., PO Box 11621, St. Louis,
MO 63105; Tel: (314) 895-4884; Fax: (314) 895-8833

Cutting Edge Optronics Inc.
For More Information Write In No. 308




NEW LITERATURE

Off-Axis Parabolic
Mirrors and Mounts
The 12-page color brochure from
Space Optics Research Labs
(SORL), Chelmsford, MA, con-
tains detailed information about
the company’s line of off-axis par-
abolic mimors (OAPs) and the
MMOA Series mounts designed for stable, strain-free
use with them. SORL OAPs are polished to precise sur-
face figure tolerances on ceramic, glass, and metallic
substrates for the UV, VIS, and IR. The brochure
describes OAP production, mounting, alignment, and
testing methods as well as specifying considerations,
and gives technical data on both OAP and mount prod-
uct lines. SORL provides OAPs on a standard and cus-
tom basis.

For More Information Write In No. 820

' Optics and Coatings VUV-to-NIR

Optics and
Acton Research Corporation

Coatings

A 52-page “Optics and
Coatings” catalog from
Acton Research Corp.,
Acton, MA, contains all
its standard optical com-
ponents provided in sin-
gle pieces as well as
large OEM quantities.
Products include excimer and UV laser optics, VUV
and UV coatings for beamsplitters and mirrors, win-
dow and substrate materials, windows, curved and
flat mirror blanks, cylindrical and spherical lenses,
many kinds of filters, and monochromators and

accessories.
For More Information Write In No. 823

Laser Diode
Control Products

The “1996-7 Laser Diode
Instrumentation Catalog”
from ILX Lightwave, Boze-
man, MT, contains full details
and specifications of the
company's lines of laser
diode controllers, current
sources, temperature con-
trollers, laser diode analysis equipment, and laser diode
mounts. Tech notes are interspersed throughout. A sep-
arate section details accessory products available, and
there is a 24-page applications guide. The booklet con-
cludes with descriptions of ILX Lightwave's other cata-
logs, “Laser Diode Instrumentation” and “Fiber Optic
Test & Measurement Instrumentation.”
For More Information Write In 826

Precision
Measurement
and Sensing
Instruments

New from Automated Pre-
cision Inc., Gaithersburg, MD,
is a 16-page brochure of its
measurement and sensing
instruments for the calibra-
tion and maintenance of
machine tools, robots, and coordinate measuring
machines, and for the measurement of machined
parts. Among the products is a 6-D single-beam
laser-tracking interferometer system for large dimen-
sional measurements. Another is a complete metrol-
ogy system for CNC machining-center performance
evaluation
For More Information Write In No. 829
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Global Fiber
Cable Solutions

The recently formed Optical
Fiber Cable Division of AMP
Inc., Harrisburg, PA, has
issued a 20-page catalog
showcasing fiber optic cable
for the worldwide premises/
networking, original equip-
ment manufacturing, and telco/CATV industries. The
color catalog expands on the earlier product line,
adding low smoke zero halogen cable, and stream-
lines part numbers into one global set. Sections
include interconnect, distribution, breakout, outdoor,
and indoor/outdoor cable types, and provide basic
specifications and construction details for all stan-
dard fiber cables.
For More Information Write In No. 821

Photonics
Research Catalog
Supplement

As an update of its 1995-
96 main catalog, New
Focus, Santa Clara, CA,
has issued a 16-page color
supplement. Featured are
customer-inspired improve-
ments to existing lasers and

Picomotor positioners and drivers, the Nirvana DC auto-
balancing photoreceiver, fiber Bragg gratings (in cooper-
gtion with 3M), Models 5566-5569 broadband optical
isolators, the Model 7711 Fizeau wavelength meter, a
line of stainless steel “pint-sized” mounts, and the Model
6238 tunable diode laser with a center wavelength of
980 nm.

For More Information Write In No. 824

o2 Broad Line of
Optoelectronic
Products

The 144-page 1996-7 catalog
from Thorlabs Inc., Newton, NJ,
features more than 480 new
products. It is divided into three
sections: Optomechanics,
including optic and mirror
mounts, translation stages and rails, micrometers,
adjusters, piezoelectric actuators, and more;
Optoelectronic Instruments, including high-speed
detectors, optical power meters, lock-in amplifiers, and
laser diodes; and Fiber Optics, including fibers, connec-
tors, patch cords, and fiber launch systems.
Specifications and prices are given for most items. The
catalog’s products are fully indexed.

For More Information Write In No. 827

Fiber Optic Fiber Optic
Product Catalog Components and
P Networks
The 144-page “Fiber
Optic Product Catalog
No. 1096" from Molex

Fiber Optics, Lisle, IL, has
performance information
and technical specifica-
tions on connectors,
adapters, cable assem-
blies, termination tooling, and fiber optic switches.
Sections on the company’s products for passive net-
works encompass network devices, distribution
enclosures, frame systems and outside plant enclo-
sures. The publication also includes a comprehensive
glossary.
For More Information Write In No. 830

Light
Measurement
Resource

Available from International
Light Inc., Newburyport, MA, is
the “Light Measurement
Instruments Catalog,” a 36-
page booklet featuring ex-
panded tutorials about power
measurements, wave effects, hardware, and other fac-
tors involved in light measurement. Organized by instru-
ments and applications, the catalog describes tumkey
system configurations for many uses. The IL1400A
radiometer/photometer, which uses “smart” prepro-
grammed detectors, the IL1700 research radiometer,
and the IL1800 lock-in radiometer for precise low-
light-level measurements are featured.
For More Information Write in No.

Producis for
CATV and Tele-
communications

The 8-page full-color product
catalog from Uniphase Tele-
communications Products
(UTP), Bloomfield, CT, outlines
the company’s capabilities and
standard offerings. UTP manu-
factures high-performance LINDO,; waveguide modula-
tors, fiber optic gyro circuits, and high-linearity integrat-
ed optic modules and subsystems used in CATV and
digital communication systems, satellte receivers,
antenna remoting subsystems, high-speed instrumen-
tation and fiber optic gyroscopes. UTP fabricates its
modulators using its patented annealed proton
exchange process.
For More Information Write In No. 825

Piezoelectric
and Optical
Components
Valpey-Fisher, Hopkinton,
MA, offers a 24-page
“User's Guide to Ultra-
sound and Optical Prod-
ucts." The booklet's con-
tents include technical
notes and specifications
on piezoelectric trans-
ducer crystals made from quartz, lithium niobate, and
piezoceramic materials, surface acoustic wave sub-
strates, and quartz and sapphire windows and sub-
strates. Also described are the company’s special
services, including cutting, lapping, polishing, coat-
ing, and x-ray orientation.

For More Information Write In No. 828

Laser

burleigh

Reference

“The Power of Pre-
cision in Laser Spec-
tral Analysis” is a 20-
page color booklet
from Burleigh Instru-
ments, Fishers, NY,
covering the compa-
ny's family of laser
spectrum analyzers. It has descriptive particulars of
each model, together with specifications, details on
accessories, and ordering instructions. The booklet
also describes Burleigh's TrueView™ laser spectral
analysis software.
For More Information Write In No. 831
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Manufacturing/Fabrication

Variable-Angle Alignment Fixture
Misaligned, egg-shaped, and oversized holes common in manual drilling can be eliminated.
Dryden Flight Research Center, Edwards, California

A lockable swivel fixture for use in
drilling, tapping, or reaming can be
aligned with a hole made previously, or
with respect to a desired location on a
flat or curved surface. The fixture was
originally designed to chase existing
airframe holes on an F-18 spin-chute-
recovery system, but has since been
adapted to a variety of uses in which
there is a need for a fixture that can be
easily aligned and locked at any desired
angle.

The fixture (see figure) includes a
mounting plate, a two-piece locking
plate, locking bolts, a ball swivel, and
bushings. The mounting plate and the
locking plate can be made of aluminum
or any other suitable material. The ball
swivel and bushings are preferably
made of steel, and the bushings should
be hardened, if possible. Protruding
from the swivel ball is a shank that has
been turned to a diameter large enough
and cut to a length long enough to pro-

vide a stable bushing guide. The swivel
and shank are bored along the center-
line of the shank to accept the required
bushings.

The mounting plate is configured with
bolt holes and/or any other convenient
features for attachment to a workpiece
at a desired location. The top surface of
the mounting plate is drilled and tapped
to accept the locking bolts. The two
pieces of the locking plate are top and
bottom mating halves, each half milled
with a female hemisphere having a 3/4-
in. (19-mm) diameter matching the
diameter of the swivel ball. The hemi-
spheres are purposely cut 0.010 in.
(0.25 mm) less than full depth to enable
them to clamp the swivel ball tightly.

The pieces of the locking plate are
brought together with the ball resting in
the hemispheres, and the locking bolts
are threaded into the mounting plate.
Prior to tightening the locking bolts, the
locking plates can be moved laterally to

align the swivel fixture at the desired
position. To enable such lateral move-
ments, slots that accommodate the
locking bolts with sufficient lateral clear-
ance are milled into the two pieces of
the locking plate. Once the swivel is
aligned at the desired position and
angle, the bolts are tightened to cap-
ture the swivel securely in that align-
ment.

In preparation for chasing a hole that
was made previously, one first selects a
pilot shaft with a diameter equal to that
of the hole, then passes the shaft
through a bushing into the hole. Then
one tightens the locking screws. The
ball swivel is now fixed in place, con-
centric to the hole, and the hole can be
modified as required.

This work was done by Thomas W.
McMullen of Dryden Flight Research
Center. No further documentation is
available. DRC-95-10
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The Swivel Becomes Locked when the locking bolts are tightened to clamp the two pieces of the locking plate on the swivel ball.
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Easier Fabrication of Polarizing Wire Grids
Time, cost, and difficulty of fabrication are reduced.
NASA's Jet Propulsion Laboratory, Pasadena, California

Framed parallel-wire grids that are
used as microwave polarizers can be
made by an improved technique that
reduces the difficulty, time, and cost of
fabrication. In the conventional tech-

nique for making such a grid (shown on
the left side of the figure), grid wires are
cut to length and threaded through
holes or slots on opposite sides of a
machined frame. The holes or slots

establish the grid spacing. Each wire is
then held in tension by a clamp and
spring. This conventional fabrication
technique is expensive and time con-
suming.

Springs for Tension
on Individual Wires

Spool
o

CONVENTIONAL TECHNIQUE IMPROVED TECHNIQUE

A Grid Is Formed From a Single Wire that is wound onto threaded rods in a frame in the improved technique. In contrast, the conventional
technique involves cutting, inserting, and mounting multiple grid wires.

PLYMOUTH
PROMISES YOU
LESS THAN EVER!

Less Machining,

Less Finishing,

Less Waste and

Less Cost/



In the improved technique (illustrated
on the right side of the figure), two oppo-
site sides of the frame consist of pairs of
identical threaded rods that support the
grid wires in tension. The pitch of the
threads on the rods establishes the grid
spacing; the grid spacing can be any
integer multiple of the thread pitch. If a
standard thread pitch and diameter are
not acceptable in a given application,
then a nonstandard thread can be cut on
a rod by use of a lathe.

What is new in this technique is (1) the
specific arrangement of the four threaded

rods in two pairs on opposite sides of the
grid frame, (2) taking advantage of this
arrangement to facilitate the placement
of the grid wire on the frame, and (3) the
continuous winding of a grid wire using
wire dispensed from a spool rather than
precut wires. In this technigue, it is not
necessary to cut, insert, and mount mul-
tiple grid wires as in the conventional
technique. Instead, one continuous grid
wire is simply unrolled from a spool and
wound onto the threaded rods. Starting
from the left side, the spool is passed
around rod 1, over rods 2 and 3 in the

first thread-pitch interval, and around rod
4. Then going back toward the left side,
the spool is passed over rods 3 and 2 in
the second thread-pitch interval. The
cycle then repeats as the spool is passed
around rod 1 and over rods 2 and 3 in
the third thread-pitch interval. The ten-
sion is established by applying tension to
the wire as it is unrolled from the spool.

This work was done by Raul M. Perez
of Caltech for NASA's Jet Propulsion
Laboratory. For further information,
write in 43 on the TSP Request Card.
NPO-19455

Moving-Temperature-Gradient Heat Pipe

for Growing Crystals
Marshall Space Flight Center, Alabama

A directional-solidification furnace for
growing crystals differs from other such
furnaces in that neither the ampoule con-
taining the material to be grown nor the
furnace is translated. Instead, the
ampoule is mounted in a fixed position in
the central hollow of an annular heat pipe
in which the thermal gradient is main-

tained with the help of a noncondensible
gas that is deliberately put into the heat
pipe along with the working fiuid: the
gradient forms at the boundary between
the working-fluid vapor and the noncon-
densible gas, which collects in the heat-
pipe condenser. The temperature gradi-
ent is made to translate along the heat

pipe by feeding in additional noncon-
densible gas at a low rate. Because there
are no moving mechanical parts, this
design offers the advantages of simplici-
ty, ruggedness, and very little vibration
(vibration is undesirable because it can
disturb the crystal-growth process).

This work was done by Donald Gillies

Plymouth near-net extrusion technology is the
answer to cost-effective production of complex
steel, stainless steel and titanium shapes.

Why waste time fabricating, forging, casting, forming, rolling,
machining or welding when Plymouth near-net extrusions can
achieve the final profile — within close tolerances — in fewer,
and less costly, operations.

Near-net extrusion can create sizable savings. Plymouth
extrusions allow you to utilize the entire shape, so you're not

paying for waste material left on the shop floor, or for the labor
involved in getting it there. What's more, you also benefit from
short lead times and a very low design fee ($400).

Whatever your shape, whatever your application, Plymouth is
the solution. We can create complex near-net shapes in carbon
steel, alloy steel, stainless steel, nickel alloy and titanium

Plus, we can do it to exacting standards such as ASTM, ASME,
MIL-T, aerospace, automotive and DIN.

See how less gives you more. For more information on near-net
extrusion of metal shapes, or for a free copy of the Plymouth
Extrusion Design Resource Kit, call: 1-800-323-9506.
PLYMOUTH EXTRUDED SHAPES

¢T)PLYMOUTH TUBE CO ~
PO. Box 768 * Warrenville, IL 60555

For More Information Write In No. 422




THE PERFORMANCE OF APR’S
PARALLEL PROCESSING
SOLUTION IS SO QUICK,

YOU WON'T EVEN SLOW DOWN.

(WANT TO SEE THE WHOLE PICTURE?
STOP AT OUR WEBSITE.)
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800-364-8880
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For More Information Write In No. 423

and Sandor L. Lehoczky of Marshall Space Flight Center and
Gregg J. Baldassarre and Nelson J. Gemert of Thermacore, Inc.
For further information, write in 18 on the TSP Request Card.
Inquiries conceming rights for the commercial use of this
invention should be addressed to the Patent Counsel, Marshall
Space Flight Center; (205) 544-0021. Refer to MFS-26361.

Automated Design and

Manufacture of Gloves

Techniques of computer-aided design and
manufacturing are used extensively.

Lyndon B. Johnson Space Center,
Houston, Texas

A partly automated process is being developed for manufac-
turing multilayer protective gloves (space-suit gloves in the orig-
inal application). The process includes laser scanning of casts
taken from hands, computer-aided design (CAD), computer-
controlled generation of two-dimensional patterns from three-
dimensional surfaces, rapid prototyping by stereolithography,
and laser cutting of materials.

The process is intended to replace a time-consuming manu-
al process for making custom-fitted gloves. In initial tests, the
developmental automated process took about as much time
and cost about as much as the manual process did, but reduc-
tions in manufacturing time and cost are anticipated as experi-
ence is gained and ways to realize the full potential of automa-
tion are found. The fit and comfort of gloves manufactured in
the automated process are at least as good as, and often bet-
ter than, those of gloves manufactured in the manual process.
These observations suggest that the automated process could
also be useful in the manufacture of other special-purpose or
custom-fitted items of clothing.

As in the manual process, the developmental automated
process begins with making a model hand from a mold cast from
the hand. Then the model hand is scanned by a laser profilome-
ter to obtain data on the size and shape of the hand. Scanning
of models rather than direct scanning of hands was selected to
eliminate errors caused by hand motions and to ensure that fine
features like bumps are measured accurately. Models offer an
additional important advantage in that they serve as permanent
records of the sizes and shapes of hands to be fitted.

The data acquired in the scan are provided to a CAD pro-
gram, which generates a mathematical wire model of the glove.
Surface-design software in the CAD program then generates a
mathematical surface model by interpolating and extrapolating
from the wire model and incorporating features that promote
comfort and freedom of movement and facilitate donning and
doffing. Sections are taken through the surface model to check
the design. Shaded images of the surface model are then dis-
played so that the model can be checked for geometry and
aesthetics (see figure).

In the original space-suit application, the inner layer of a
glove is a bladder that retains air or oxygen at an internal pres-
sure of 8.3 psi (57 kPa). The bladder is made by use of a dip
mold, which is a modified version of the original model cast
from the hand. To begin fabrication of a dip mold, the CAD data
are fed to a stereolithographic apparatus. In this apparatus, an
ultraviolet laser beam is scanned to trace and cure a thin slice
of material on a platen at the top of a vat filled with an ultravio-
let-curable monomeric liquid. The ultraviolet laser light polymer-
izes the monomer, forming a thin slice of the dip mold. An ele-
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vator in the vat lowers the platen and the
laser traces another slice. This sequence
is repeated until the complete dip mold
has been formed. The dip mold is then
removed from the vat and postprocessed
into its final form.

In the original application, a glove also
includes a fabric restraint layer that rein-

WIRE MODEL

SURFACE MODEL

A Computer-Aided-Design System gener-
ates a mathematical wire model of a glove
from data obtained in a laser scan of a
model of a hand. The wire model is then
processed into a surface model and ren-
dered as a shaded image.

forces the bladder against the internal
pressure, and an outer fabric layer, com-
posed of multiple sublayers, that protects
against extremes of temperature and
impacts of high-velocity debris. The CAD
system uses the data from the scan to
generate two-dimensional patterns for
the fabric pieces and to control laser cut-
ting of these pieces. The pieces are then
sewn together.

This work was done by Joseph Kosmo
of Johnson Space Center and David
Cadogan, David Bradley, Philip Spam-
pinato, and Tony McKee of ILC Dover,
Inc. For further information, write in 57
on the TSP Request Card.

MSC-22508
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Using Vapor Deposition in Forming Metallic Molds
Plastic and wax prototypes can readily be coated with thin metallic layers.
Marshall Space Flight Center, Alabama

Vacuum arc vapor deposition (VAVD)
has been shown to be useful in making
metallic molds from relatively soft, low-
melting-temperature prototypes of the

Vacuum Chamber

' ) objects to be molded. Such prototypes

Reactive or Prototype (Object can be fabricated relatively quickly and
Inert Gas To Be Coated) y q y

Hollow Tungsten

/ Electrode

easily from such materials as waxes
and plastics, as an alternative to the
more difficult and time-consuming pro-
cedure of machining prototypes or
molds directly out of hard metals. The
role of VAVD is to apply a thin coat of
metal to a prototype. The metal coat
can then serve as a base for deposition
of more metal or other structural mate-
rial (e.g., a polymer) to give the mold
the strength and thermal stability nec-
essary to withstand molding tempera-
ture and pressure. VAVD could also be
- used to form corrosion- or wear-resis-

5 Jone e tant surfaces.
In such an application of VAVD, the
soft prototype component is mounted
In Vacuum Arc Vapor Deposition, a metal target is vaporized, and the vapor is directed onto on a turntable in a vacuum chamber,

the object to be coated. Contrary to intuitive expectation, the object to be coated is not ~ With @ source of metal vapor facing the
exposed to a damaging amount of heat. prototype. The source of metal vapor
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includes an apparatus that generates an
arc or an arc plasma in a chemically
reactive or chemically inert gas appro-
priate to the specific application. The
arc or arc plasma melts and vaporizes a
metal target. Suitably biased electrodes
direct the metal vapor toward the proto-
type.

Despite the relatively high melting and
vaporization temperatures of the metal,
this technique for deposition of metal
from vapor does not deliver enough
heat to damage the prototype. One of
the advantages of VAVD is that it can be
used to apply a variety of metallic and
nonmetallic coats, depending on specif-
ic applications. For example, if one uses
a reactive plasma containing nitrogen

and the source metal is titanium, then
one can deposit a coat of titanium
nitride. Following VAVD to form the thin
coat, metal can be added by thermal
spraying and/or electrodeposition.
Alternatively or in addition, a polymeric
structural support can be added.

This work was done by Paul S. Gill of
Marshall Space Flight Center and
Phillip D. Krotz, Douglas M. Todd, and
Jack L. Weeks of Rockwell International
Corp. For further information, write in
39 on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Marshall Space Flight Center; (205)
544-0021. Refer to MFS-30108.

Repairing Corroded Tubes With

Swaged and Brazed Inserts
Marshall Space Flight Center, Alabama

A technique has been devised for
repairing corrosion-induced leaks in
metal tubes in the vicinity of joints
where the tubes are brazed to a mani-
fold. In an older repair technique, a
“fish-mouth” section containing the
defective portion of a tube was cut out
of the tube and replaced by short tubu-
lar inserts that overlapped each other
and extended beyond the cut opening.
The inserts were then welded at their
ends. In cutting the openings and in
forming, positioning, and welding the
inserts, it was necessary to ensure that
welding did not occur closer than 0.25
in. (6.4 mm) from tube-to-manifold
braze joint so as not to damage that
joint. The present technique is similar to
the older technique in that it also
involves cutting out a fish-mouth sec-
tion and using an insert. However, the
insert in the present technique is
longer; the insert is sized and shaped
so that one end extends into the por-
tion of the tube within the manifold and
the other end extends along the tube,
well beyond the defective region and
into an intact adjacent region. The
insert is swaged into the tube at the
manifold end and brazed to the tube at
the other end.

This work was done by Joseph W.
Onstott, Christopher D. Maczuga, Steve
A. Leonard, J. Gregory Somerville, and
Jewell E. McCarroll of Rockwell
International Corp. for Marshall Space
Flight Center. For further information,
write in 21 on the TSP Request Card.

Inquiries concerning rights for the
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commercial use of this invention should
be addressed to the Patent Counsel,
Marshall Space Flight Center; (205) 544-
0021. Refer to MFS-30114.
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Making SiC Semiconductor Devices Containing

Porous Regions

Controlled electrochemical etching imparts useful electronic and optoelectronic properties.
Lewis Research Center, Cleveland, Ohio

A method of controlled electrochemi-
cal etching provides for the formation of
selected porous regions in silicon car-
bide wafers. The method is expected to
contribute to the development of novel
semiconductor devices that contain
porous silicon carbide. Like porous sili-
con, on which considerable research
effort has been focused in recent years,
porous silicon carbide exhibits a variety
of interesting electronic, optical, opto-
electronic, and physicochemical proper-
ties that can be exploited in practical
devices. For example, by suitable choice
of the macrostructures, microstructures,
and compositions of the porous regions,
one can make SiC ultraviolet light-emit-
ting diodes, ultraviolet lasers, blue elec-
troluminescent devices, and filters for
solid-state chemical sensors.

Figure 1 illustrates a basic version of
the method of controlled electrochemi-
cal etching. The silicon carbide wafer to
be processed is mounted in a carrier

Platinum Wire SiC Wafer
Counterelectrode Partly Covered
b Ultraviolet Light
Dilute HF Solution
Insulated Wire
et
N7
ZhS
%T 4
2 ; ' \ \\
/ Saturated
///7f//// / IS //X//// Calomel
; Reference
Polytatraﬂuomeléene Nickel Contact Sociioda
Y Vessel on SiC Wafer E
| | Control |

Figure 1. A Masked Silicon Carbide Wafer Is Etched in an electrochemical cell to make part
of it porous.
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with a nickel electrical contact and cov-
ered with black wax everywhere except
for an opening at the designated surface
location of the region to be made porous.
The wax prevents etching everywhere
except at the exposed area. The carrier is
placed on a pedestal in a polytetrafiuo-
roethylene vessel filled with an etching
solution of dilute (typically, 2.5 percent)
hydrofiuoric acid.

A saturated calomel electrode and a
platinum wire counter-electrode are im-
mersed in the solution. Through the nick-
el contact, a variable-voltage dc power-
supply circuit applies a bias voltage to
the silicon carbide wafer. A control circuit
maintains this bias at a prescribed volt-

n-Doped SiC Epilayer
p-Doped SiC Epilayer

WAFER MADE BY CHEMICAL-VAPOR
DEPOSITION

¥ e

TOP LAYER PARTLY MASKED

ad

EXPOSED PART OF TOP LAYER
REMOVED

4

EXPOSED PART OF MIDDLE LAYER
REMOVED

4

BOTTOM LAYER CONVERTED TO
SILICON DIOXIDE

Figure 2. A SiC p/n-Junction Diode on a
broad insulating substrate is fabricated with
the help of the electrochemical-etching
process.
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age, V.., with respect to the saturated
calomel electrode.

If, for example, the silicon carbide is of
the 6H polytype and is doped with elec-
tron donor atoms (n-doped), then the
exposed surface of the silicon carbide is
iluminated through a sapphire window at
the top of the vessel while the silicon car-
bide is maintained at an anodic potential
(Veee between 1.8 and 2.8 V) that pro-
motes photoinduced corrosion. If the sil-
icon carbide is of the 6H polytype and is
doped with electron acceptors (p-
doped), then it can be etched in the dark
at V... between 0 and 2 V. The depth and
structure of the porous region formed in
the SiC is determined by a number of
factors, including the anodization time,
the applied potential, the intensity of
ultraviolet light (if used), the pH of the
solution, and the concentration of dopant
in the silicon carbide.

By way of example, Figure 2 illustrates
an application of this method to fabricate a
silicon carbide p/n-junction diode support-
ed by a broad, electrically insulating sub-
strate. In this application, one takes advan-
tage of the fact that porous SiC can be oxi-
dized to SiO, at a rate much greater than
that of solid SiC because the pores present
much greater surface area for oxidation.

First, a wafer is fabricated by chemical-
vapor deposition of a p-doped SiC epi-

layer and then an n-doped SiC epilayer
on an n-doped SiC substrate. A mask is
placed on the top n-doped epilayer, then
patterned photolithographically. By use
of the electrochemical etching method,
the part of the n-doped epilayer not cov-
ered by the mask is made porous to
make it highly susceptible to oxidation.

The resulting porous part of the layer is
oxidized to SiO, to make it highly sus-
ceptible to etching by hydrofluoric acid,
then it is so etched to strip it away, leav-
ing a mesa of n-doped SiC. The electro-
chemical etching method is then used
again, this time with process conditions
selected to impart porosity to the
exposed part of the p-doped SiC epilay-
er but not to the n-doped SiC. Then as
before, the porous material is oxidized to
SiO, and etched away, leaving a two-
layer (n-doped/p-doped) mesa.

Next, the electrochemical-etching
method is applied, this time with process
conditions chosen to impart porosity to
the n-doped SiC substrate only. Finally,
the porous substrate is oxidized to SiO,
which is electrically insulating.

This work was done by Joseph S.
Shor and Anthony D. Kurtz of Kulite
Semiconductor Products, Inc., for Lewis
Research Center. For further informa-
tion, write in 56 on the TSP Request
Card. LEW-15755
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Software for Optimizing Maintenance Budgets
Cost effectiveness is maximized with optimal combinations of preventive and corrective maintenance.
Stennis Space Center, Mississippi

The Risk Constrained Optimized
Planning (RCOMP) methodology has
been developed to assist managers in
analyzing and planning maintenance
operations and, in particular, making
rational decisions concerning mainte-
nance-budget allocations. Incorpo-
rating selected techniques of opera-
tions research, RCOMP facilitates
exploration of tradeoffs among various
measures of availability of systems and
subsystems to be maintained, costs of
acquisition of maintenance packages,
subsequent costs of maintenance, per-
formance with regard to maintenance,
equivalent uniform annual life-cycle
costs, net investments, and total main-
tenance times. With respect to a given
system to be maintained, RCOMP facil-
itates the selection of the optimal mix of
preventive and corrective maintenance
and the most cost-effective mainte-
nance-acquisition strategy.

Several assumptions are made to
simplify the basic equations of RCOMP.
First, it is assumed that with respect to
a given subsystem, actions associated
with preventive maintenance and cor-
rective maintenance (frequency and
time to perform) remain constant for the
time period between acquisition deci-
sions. Second, it is assumed that the
effectiveness of any given acquisition is
instantaneously achieved; that is, no
phase-in time is necessary to reflect
changes in maintenance frequencies.
Third, it is assumed that overall opera-
tional availability of the maintained sys-
tem is maintained when acquisitions
are made; this is the most critical
assumption as it enables the initial
examination of a system that is nearly
100 percent operational. This assump-
tion also implies that acquisition of
maintenance packages are not expect-
ed to increase failure rates or repair
times. Fourth, the measure of equiva-
lent uniform annual life-cycle cost incor-
porates the time value of money con-
cepts and includes only the direct
maintenance labor and materials costs
as well as the hardware and software
costs associated with the acquisition
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packages. Traditional life-cycle costs,
such as retirement costs and software
maintenance cost, are not included in
this measure.

For each subsystem and component
of a given maintained system, RCOMP
maintains a data base of preventive and
corrective maintenance frequencies,
average time to perform each type of
maintenance, labor rates associated
with personnel performing both types
of maintenance, and the costs of mate-
rials associated with both types of
maintenance. RCOMP also maintains a
data base on the acquisition of various
maintenance packages; included in this
data base are the costs of acquiring
these packages, the components and
subsystems that would be affected by
the acquisition of each package, and
the changes that would consequently
be induced in the baseline parameters
of the system.

The two basic equations in RCOMP
are the following:

total maintenance time =

ii [(1+ 28p)(1+ TAp)x,,TpMAt]
+[(1+ aAc)(1+ TAc)lcTcMAI]

and

ns na
2]‘,21‘,[ (142 A,) (147 4, ) (14, A,)
A LTt |
+[(1+‘ A)(14y Ap)lpCWAt]
+[(1+,1 Ac)(1+- A )(1+¢ Ac)lcCCMTCMAt]
+[(1+l1 A)(1+y AC)ACCMWAt]
+[Cow +Cow]
where
ns = the number of subsystems,
na = the number of acquisitions,
Cuw = the cost of hardware,
Csw = the cost of software,

Ccu = the labor rate for corrective
maintenance,

Cpy = the labor rate for preventive
maintenance,

Cumeu = the cost of materials for cor-
rective maintenance,

Cueu = the cost of materials for pre-
ventive maintenance,

Tew = time to perform corrective
maintenance,

Tew = time to perform preventive
maintenance,

cA. = change in labor rate for correc-
tive maintenance,

¢A, = change in labor rate for preven-
tive maintenance,

wA. = change in cost of materials for
corrective maintenance,

wmA, = change in cost of materials for
preventive maintenance,

rA; = change in corrective-mainte-
nance time,

A, = change in preventive-mainte-
nance time,

At = incremental planning horizon,

A, = frequency of corrective mainte-
nance,

A, = frequency of preventive mainte-
nance,

A: = change in frequency of correc-
tive maintenance, and

A, = change in frequency of preven-
tive maintenance.

With respect to a given system to be
maintained, RCOMP searches for the
optimal mix of preventive, corrective,
and diagnostic system-maintenance
strategies, given the data on measures
of reliability, cost, and risk associated
with the various subsystems and
potential acquisitions of maintenance
packages. In preparation for this
search, a specification of the system
and its subsystems, the baseline para-
meters of the system, and the parame-
ters of maintenance packages that
could be acquired are entered into the
data base. RCOMP then calculates the
total maintenance time and the total
life-cycle cost for all acquisitions.

An optimal maintenance curve is
established by computationally remov-
ing the acquisitions, one at a time: The
acquisition that is removed each time is
the one that contributes the least to the

NASA Tech Briefs, August 1996
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reduction in total maintenance time.
When all acquisitions have been
removed, the baseline parameters of the
system have been achieved. Each point
on the resulting curve (see Figure 1) rep-
resents an optimal combination of main-

availability (see Figure 2). This measure is
the probability that a system will be avail-
able when it is required (PAR) given the
acquisition package under analysis is in
place. A minimum PAR value for acquisi-
tions may be established and used to

Direct Maintenance Time (h)

Equivalent Uniform
Annual Life-Cycle Cost

P (Available | Required) “PAR”

3 1 e 4
Soauiaition Alleniat

Figure 1. An Optimal Maintenance Curve of
total maintenance time vs. equivalent uniform
annual life-cycle cost is constructed by repeat-
edly simulating the effect of the removal of the
remaining maintenance package that con-
tributes least to the reduction in total mainte-
nance time.

tenance packages for the correspond-
ing cost and total maintenance time.
The curve does not indicate a single
correct maintenance strategy; indeed,
for organizational or cost-related rea-
sons, the minimum point may not be
achievable in a given system. In any
event, RCOMP provides for exploration
of each point on this curve, and of its
associated maintenance packages.
RCOMP also provides a measure of
each acquisitions contribution to system

Figure 2. The Minimal Acceptable Proba-
bility that a system will be available when
required is represented by the dotted line.
The effectiveness of each acquisition pack-
age with respect to that standard is plotted as
a histogram.

judge the expected effectiveness of each
potential acquisition package.

This work was done by Freddie
Douglas Il of Stennis Space Center
and A. Sean Williamson of Quantitech,
Inc. For further information, write in 58
on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Stennis Space Center; (601) 688-1929.
Refer to SSC-00038.

Iterative and Incremental

Development of Software
Lyndon B. Johnson Space Center, Houston, Texas

A method for development of soft-
ware has been named the “itera-
tive/incremental software development
methodology.” This method governs a
risk-driven, architecturally focused soft-
ware-development process that re-
duces significantly the risk and cost of
developing software in an environment
of rapidly changing technology and
evolving requirements. In contrast to the
older “waterfall” software-development
method, the present method incorpo-
rates the best of iterative and incremen-
tal development. To implement this
method, a requirement analysis is done

before the beginning of any program-
ming. Next, a schedule of development
milestones is created. By combining the
iterative and incremental programming
efforts, one can create a final software
product that satisfies requirements on
schedule.

This work was done by David Durand,
George Heyworth, Ron Peugh, Dave
Weller, and William Wessale of CAE-Link
Corp. for Johnson Space Center. For
further information, write in 34 on the
TSP Request Card.

MSC-22529
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Body-Fluid Samples

These devices are relatively easy to use and inexpensive.
Lyndon B. Johnson Space Center, Houston, Texas

Scientists at NASA's Johnson Space
Center have developed specialized dis-
posable devices for use in filtering the cel-
lular and acellular components of blood
and other body-fluid samples. These
devices contain filters that are treated
with carbohydrate and protein com-
pounds, which together with the physical
characteristics of the filter act to retain the
cellular components, allowing the acellu-
lar components (e.g., serum) to pass
through and be absorbed onto another,
untreated matrix, such as paper. The
paper containing the serum is removed
from the device, dried in air, and stored in
an anaerobic, desiccated environment
until analysis. The dried paper can be
analyzed up to six months later by wash-
ing it with water and analyzing the effluent
with conventional laboratory methods.

Previously, blood and other types of
fluid samples were collected into evacu-
ated glass or plastic tubes, which then
had to be centrifuged immediately to
separate the cellular and acellular phas-
es. The acellular phases often had to be
stored at —20° or —=70°C in order to pre-
serve the analytes of interest. Using the
filter device obviates the need for cen-
trifuges or freezers: All that is required to
collect and store blood samples are a
collection device, air to dry the serum
fraction, and a bag containing an oxy-
gen scavenger and a desiccant in which
to store the dried paper.

The figure illustrates a typical blood-
storage device of this type. The sample
is passed into the device through a tube,
and enters a chamber bound on the
front side by a front plate (one of two
parts of a plastic shell) and on the back
side by a filter card. The volume of the
chamber sets the upper limit of the vol-
ume of fiuid that can be introduced into
the chamber. The front plate includes a
recess for this chamber, and a shallow
depression into which the filter card is
seated, with a watertight seal forming
the chamber. The front plate also
includes an outer flange that adheres to
the back plate, the other part of the
plastic shell, with an air-tight seal.

J NASA Tech Briefs, August 1996

The sample is filtered first through the
treated filter, and the acellular serum
fraction is drawn onto the absorbent
serum card. The first, treated filters con-
sist mostly of glass fibers of 1-um pore
size. Before the units are assembled,
these filters are dipped into a carbohy-

Filter Devices for Collection and Storage of

tab is attached to the back plate, the
two pull-tabs are used together to pull
the device apart and remove the
absorbing matrix once the collection
process is complete.

A related device, containing two
absorbent cellulose papers and no

y

Fluid In \

Front Plate

(Part of Plastic Shell)

-
-
-

./'

Back Plate
(Part of Plastic Shell)

These Parts Are Assembled with adhesive around the edge to form air- and water-tight
seals. Suction is applied to the Luer port at the back, drawing the specimen fluid in through
the tube at the front. After the fluid is filtered, the device is pulled apart by use of the pull-tabs

to extract the fiuid-laden absorbent filter.

drate-and-protein solution and dried in
air. The second, untreated filter is
absorbent cellulose with a high Klemm
factor, which acts to pull the acellular
fraction onto this second filter card. The
back plate is attached to the front plate
with an adhesive on the flange, which
makes an air-tight seal that also holds
the second filter in its frame. A female
Luer port is mounted on the back plate;
this port is connected to an aspirating
syringe that provides suction for collect-
ing the specimen fluid. A second pull-

treated filter card, has been developed
for drying and storing urine samples.
Other modifications can make devices
such as these useful for filtering and
storing other types of body-fluid sam-
ples, such as saliva, tears, or peritoneal,
synovial, or cerebrospinal fluids. Other
modifications could involve using sever-
al reagents on the filters to allow sever-
al analytes to be assessed simultane-
ously. One practical example might be
screening for several addictive drugs or
for blood-borne viruses.
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Because older collection devices did
not allow immediate separation of cellular
and acellular components of body-fluid
samples, the analytes of interest often
were affected by cell metabolism, cell
lysis, or dilution during storage. The pres-
ent device limits the potential for these
effects by separating the cellular and
acellular phases promptly. This advan-
tage can be enhanced by chiling the
devices before and after their use, which
can further retard the chemical reactions
that can destroy unstable analytes.

This work was done by Peggy A.
Whitson of Johnson Space Center and
Vaughan L. Clift of Lockheed-Martin. For
further information, write in 54 on the
TSP Request Card.

This invention is owned by NASA, and
a patent application has been filed.
Inquiries concerning nonexclusive or
exclusive license for its commercial
development should be addressed to the
Patent Counsel, Johnson Space Center;
(713) 483-4871. Refer to MSC-22463.

Improved Hyperhydration Beverage
This beverage performs better than other rehydration

beverages, including plain water.

Ames Research Center, Moffett Field, California

A beverage has been formulated for
restoring hydration homeostasis in per-
sons who have become dehydrated
(hyperhydrated) through physical exer-
tion, illness, or other causes. The bever-
age is also useful for counteracting the
hypohydration that occurs in astronauts
during space flight and in mountain
climbers and airline passengers exposed
to low air pressures. The beverage not
only restores the overall volume of water,
but also aids restoration of the normal
balance between intracellular and extra-
cellular fluids.

Why would one need to drink this or
any other rehydration beverage instead
of ordinary water? Under stressful condi-
tions, the voluntary intake of fluids does
not keep up with the loss of fluids, lead-
ing to dehydration. The cause of this
phenomenon is unknown, but the tem-
perature and composition of a beverage,
and the gastric and intestinal emptying
time (which influence the volume con-
sumed and the rate of absorption by the
body) play important roles. The rate of
absorption of fluid from the intestinal
lumen is maximal when the fluid has an
osmolality of about 285 mOsmol/kg (the
fluid is approximately isotonic). Moreover,
drinking plain water does not replace
sodium ions lost through sweating and
urinary excretion.

Accordingly, the present beverage was
formulated with an osmolality that opti-
mizes absorption and aids retention of
plasma water. It is also designed to avoid
the disadvantages of traditional rehydra-
tion with salt tablets and water, which
include the risk of hypernatremia (elevat-
ed levels of sodium in the blood). In addi-
tion, like commercial rehydration bever-
ages, the present beverage includes a
noncaloric sweetener (aspartame) that

helps induce voluntary consumption.

The ingredients in this beverage are 9
g of sodium chloride, 15.44 g of sodium
citrate, 0.72 g of aspartame, and the
balance of water to a total volume of 2 L.
The osmolality is 270 mOsmol/kg, which
is close to the optimum fluid-absorption
value.

The present beverage and five others
with higher and lower osmolality were
tested for hypervolemic response in
human subjects under various conditions
of rest and exercise. The other beverages
were (a) water sweetened with aspar-
tame (30 mOsmol/kg), (b) a sodium chlo-
ride solution sweetened with aspartame
(70 mOsmol/kg), (c) a glucose/sodium
citrate solution (650 mOsmol/kg), (d) a
commercial rehydration beverage (380
mOsmol/kg), and (g) another commercial
rehydration beverage (390 mOsmol/kg).
From measures of plasma osmolality,
plasma volume, and concentration of
sodium and potassium in plasma, the
present hyperhydration beverage per-
formed better than the others during rest
and performed comparably or better dur-
ing exercise. Thus, the improved hyper-
hydration beverage should prove useful
for increasing physical performance and
to protect the body from excessive dehy-
dration during stress situations.

This work was done by John E.
Greenleaf of Ames Research Center.
For further information, write in 96 on
the TSP Request Card.

This invention has been patented by
NASA (U.S. Patent No. 5,447,730).
Inquiries concerning nonexclusive or
exclusive license for its commercial
development should be addressed to
the Patent Counsel, Ames Research
Center; (415) 604-5104. Refer to ARC-
13386.
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Production of Monoclonal Antibodies Specific to Hepatitis C
There has been a need for these antibodies in medical research, testing, and treatment.
Lyndon B. Johnson Space Center, Houston, Texas

Antibodies specific to some peptides
in hepatitis C viruses have been pro-
duced by hybridomas that were gener-
ated by electrofusion of human myelo-
ma cells with lymphocytes from the
peripheral blood of a human volunteer
infected with hepatitis C. The produc-
tion of monoclonal antibodies specific
to hepatitis C is significant because
heretofore, such antibodies have not
been available, and there has been a
growing need for them in medical
research. With suitable modifications,
these antibodies could become the
basis of commercial products for
immunotherapy and for use as controls
in hepatitis C antibody assays.

The process for making the antibod-
ies begins with the collection of samples
of blood from volunteers known to be
infected with hepatitis C. The mononu-
clear-cell fraction of the collected blood
is prepared by density centrifugation on
a Ficoll-Hypague (or equivalent) cush-
ion. (“Ficoll” is a trade name for a poly-
mer, made by cross-linking of epi-
chlorhydrin and sucrose, that is ordinar-
ily used in motility studies to increase
the viscosity of media and thereby tem-
per rapidly motile organisms. “Hy-
paque” is a trade name for diatrizoate
sodium and diatrizoate meglumine radi-
ological-contrast media.) Once the
mononuclear-cell fraction has been
recovered, the NK cells are removed by
incubation with leucyl-leucine methyl
ester.

The remaining T and B cells are coac-
tivated by use of a T-cell activator,
including phytohemagglutinin, con-
canavalin A, or anti-CD3 monoclonal
antibodies. Supplemental interleukins,
including IL-2, IL-4, and IL-10 and/or
concanavalin A supernatant are used as
additional factors for stimulation of B-
cells. After 48 hours, the B-cell blasts
are harvested, washed, and suspended
in a hypoosmolar electrofusion medium
(75-milliosmolar sorbitol solution sup-
plemented with calcium and magne-
sium acetate). These cells are mixed
with equal numbers of similarly pre-
pared H7 human myeloma cells, which
serve as the electrofusion partners.

The cell mixture is transferred to an
electrofusion chamber, where the cells
are first aligned by a signal of 5-V ampli-
tude at a frequency of 1.5 GHz for 30
seconds. At the end of the 30 seconds,
the cells are fused with a single pulse of
45to0 60 V.
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The electrofused cells are then grown
in a medium supplemented with hypox-
anthene aminopterine thymidine to
select viable hybridomas. The resulting
hybridomas are subcloned and their
supernatants are screened, by use of
standard enzyme-linked immunosor-
bent assay (ELISA) techniques, for pro-
duction of antibodies specific to pep-
tides of hepatitis C viruses.

Sales: 1-800-588-9144

9961 Valley View Road
\ Eden Prairie, MN, USA 55344
[l Phone: (612) 947-0856
Fax: (612) 947-0859

This work was done by Garry A. Neil,
Laurie Love-Homan, Deborah Clark,
and Fred C. Johlin of the University of
lowa and Ulrich Zimmermann, Petra
Gessner, Gerd Klock, and Reiner
Schnettler of the University of
Wurzburg, Germany, for Johnson
Space Center. For further information,
write in 90 on the TSP Request Card.
MSC-22392
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Physical Sciences

Thermal Conductances of
Augmented Metal
Contacts: Part |

A report describes experiments that
were performed to determine the extent
to which gold-coated aluminum washers
squeezed between metal contacts can
increase the thermal conductances of
the contacts at liquid-helium tempera-
tures (1.6 to 6.0 K). In the experiments,
the thermal conductances of the con-
tacts were measured while the contacts
and washers were pressed together with
various forces up to 661 N. The thermal
conductances of contacts augmented
with washers were not found to be sig-
nificantly greater than those of bare con-
tacts.

This work was done by L. J. Salerno
and P, Kittel of Ames Research Center
and Alan L. Spivak of Trans-Bay
Electronics. To obtain a copy of the
report, “Thermal Conductance of
Augmented Pressed Metallic Contacts
at Liquid Helium Temperatures,” write
in 47 on the TSP Request Card.
ARC-13387

Thermal Conductances of
Augmented Metal
Contacts: Part Il

A report documents experiments,
similar to those described in the preced-
ing article, that were performed to deter-
mine the extent to which indium foil or a
general-purpose laboratory grease can
increase the thermal conductances of
pressed metal contacts at liquid-helium
temperatures (1.6 to 6.0 K). The speci-
mens used in the experiments were
pairs of copper, aluminum, brass, and
stainless-steel rods of 12.7-mm and
10.2-mm diameter, with contact sur-
faces lapped to a finish of 0.8 ym. In the
experiments, the thermal conductances
of the contacts with indium or grease
interfacial layers were measured while
the contacts were pressed together with
various forces up to 670 N. Thermal
conductances were found to increase
somewhat with contact forces, though
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These reports, studies, and handbooks are available from NASA as Technical
Support Packages (TSPs) when a Request Card number is cited.

@2 Books & Reports

not as much as in previous studies.

This work was done by Louis J.
Salerno and Peter Kittel of Ames
Research Center and Alan L. Spivak of
Trans-Bay Electronics. To obtain a copy
of the report, “Thermal Conductance of
Pressed Metallic Contacts Augmented
with Indium Foil or Apiezon-N™ Grease
at Liquid Helium Temperatures,” write in
48 on the TSP Request Card.
ARC-13388

@ Electronic Systems

Fault-Protection
Architecture for the
Cassini Spacecraft

A report discusses the fault-protection
architecture for the command-and-data
subsystem (CDS) of the Cassini space-
craft, which is scheduled for launch in
October 1997 on a mission to Saturn.
The fault-protection architecture chosen
for this demanding application involves a
highly modular system of hardware and
software components, including a pre-
dominantly software-driven fault-diag-
nostic device in each module. With the
intelligence of the designers embedded
in the software, the system becomes
autonomous in monitoring for, and
responding to, faults.

This work was done by Thomas K.
Brown and James A. Donaldson of
Caltech for NASA's Jet Propulsion
Laboratory. 70 obtain a copy of the
report, “Fault Protection Design for the
Command and Data Subsystem on the
Cassini Spacecraft,” write in 2 on the
TSP Request Card.

NPO-19747

Reusable Modular
Architecture for Electronic
Systems

A report proposes a modular architec-
ture for spacecraft electronic systems,
the modules of which would be stan-
dardized and reusable on different mis-
sions. Electronic architectures fitting this
general description have been imple-
mented commercially, but only in recent

years has a concerted effort been made
to apply this concept in the design of
spacecraft electronic systems. A key fea-
ture of the proposed architecture would
be a backbone parallel bus that could
accommodate a variety of equipment
through a series of input/output modules.
Subsystems with different mass, power,
performance, and other characteristics
could be integrated into systems to sat-
isfy the requirements of various missions
without affecting the basic architecture of
the systems.

This work was done by Kim R. Reh,
Savio N. Chau, and Brian Cox of Caltech
for NASA’s Jet Propulsion Labora-
tory. 7o obtain a copy of the report, A
Multimission Space Avionics Architec-
ture,” write in 64 on the TSP Request
Card. NPO-19836

Analysis of Carrier
Tracking by Cascaded
Phase-Locked Loops

A report presents an analysis of the
performance of a carrier-aiding tech-
nique, which employs cascaded phase-
locked loops (PLLs). This technique can
be useful when two unequal antennas
are required to coherently demodulate
the received signal, but due to an
extremely weak signal-to-noise ratio
(SNR) level and high Doppler rates, the
smaller antenna PLL is unable to lock on
the carrier on its own. In this scheme, the
carrier signal is assumed to be strong
enough that the PLL in the receiver of the
larger antenna can synchronize to the
carrier and thereby provide a phase ref-
erence for down-conversion of the carri-
er in the receiver of the smaller antenna.
Thus, the PLL in the receiver of the small-
er antenna has only to coherently track
the residual Doppler shift between the
two antennas, and can use a narrower
loop bandwidth than otherwise possible.

This work was done by Mazen M.
Shihabi, Biren N. Shah, and Sami M.
Hinedi of Caltech for NASA’s Jet
Propulsion Laboratory. 7o obtain a
copy of the report, “Improved Carrier
Tracking of Space Telemetry Signals
Using Cascaded Phase-Locked Loops,”
write in 26 on the TSP Request Card.
NPO-19612
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.’ Materials

Preceramic Organoboron/
Silicon Polymers

A report describes the syntheses of
preceramic polymers with Si-B bonds in
their backbones. The syntheses were car-
ried out by the Wurtz reaction of dialkyldi-
chlorosilane and boron trichloride or
methyl bromide, in some cases with and
in some without methyl iodide. The poly-
mers softened at temperatures between
40 and 180 °C, started to decompose at
200 to 450 °C, and yielded a 56-to-70-
percent ceramic product in an inert
atmosphere above 800 °C. The ceramics
thus formed from the organoboron/silicon
polymers can be in the form of fibers;
alternatively, the polymers can serve as
matrix resins for making composite mate-
rials for high-temperature applications.

This work was done by Salvatore R.
Riccitiello of Ames Research Center
and Ming-ta S. Hsu and Timothy S. Chen
of HC Chem Research & Services Corp.
To obtain a copy of the report,
“Preceramic Organoboron-Silicon Poly-
mers,” write in 76 on the TSP Request
Card. ARC-12858

* Machinery/Automation

Development of a Solar
Dynamic Power System

A report discusses the development of
a proposed solar dynamic electric-
power-generating system for the Space
Station Freedom. The report includes
results from the prime contractor as well
as from in-house efforts, university
grants, and other contracts. Also includ-
ed are the writers’ opinions, based on
their experiences in the program, about
the best technical and programmatic
ways to proceed in future efforts to
develop solar dynamic power systems.

This work was done by Thomas W.
Kerslake, Kent S. Jefferies, Richard R.
Secunde, Clinton B. Ensworth lll, and
Richard D. Corrigan of Lewis Research
Center. To obtain a copy of the report,
“Solar Dynamic Power System Develop-
ment for Space Station ‘Freedom,’
write in 66 on the TSP Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-2320.
Refer to LEW-16223.
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Centrifugal Instrument for
Biotechnological
Experiments

A report describes an instrument sys-
tem for use in studying the effects of iner-
tial acceleration (gravity) on cell biology,
protein cell growth, and other phenome-
na of interest to the materials-science
and biotechnologies communities. The
instrument system is designed to pro-
duce inertial accelerations between 0O
and 100 times the normal gravitational
acceleration at the Earth’s surface. By
combining instrument automation with

RUGGED
MULIT-SLOT
PORTABLES

miniaturization, more data can be
obtained in each experiment, either dur-
ing space flight or in ground-based labo-
ratories, than is possible with previous
variable-gravity instrumentation.

This work was done by Steven L.
Koontz of Johnson Space Center and
Ray Morales and Monty B. Carroll of
Lockheed Engineering and Sciences Co.
To obtain a copy of the report, “A
Variable Gravity Instrument for Bio-
technology Studies: Delta-G,” write in
92 on the TSP Request Card.
MSC-22577

TRY THE DOLCH
FAMILY OF SOLUTIONS

One-Slot NotePAC™
A sealed all metal notebook that with-
stands extreme environments. Equipped
with a brilliant 12.1” SVGA TFT display,
it’s available with one ISA add-in slot and

can be certified for operation to -20° C.

Two-Slot L-PAC™
The light portable with high-end per-
formance in a compact package.
Expansion via two full-size ISA add-in
slots. Audio/video and PLC program-

ming configurations are available.

Five-Slot PAC™
PAC combines field-proven ruggedness,
five ISA/EISA/PCI add-in slots and
Pentium® performance to offer
unrivaled power and flexibility in
a portable package. VGA and
SVGA TFT displays to 12.1%

Ten-Slot MegaPAC™
MegaPAC is the ultimate in portable add-
in expansion with ten full-size ISA/PCI
slots. It’s perfect for benchtop or floor
standing operation. Positive pressure cool-

ing protects valuable add-in cards.

Call Now 1.800.995.7561

Dolch Computer Systems
3178 Laurelview Court
Fremont, CA 94538
510.661.2220
http//www.dolch.com

For More Information Write In No. 446 99



Development of an
Advanced Helicopter
Transmission

A report describes the engineering
achievements of a program to develop
an advanced helicopter transmission
with less weight, less noise, and greater
reliability in comparison with a baseline
transmission in a three-engine army
cargo helicopter that has a gross weight
of 85,000 Ib (38,600 kg). Some aspects
of the advanced transmission were
described in previous articles in NASA
Tech Briefs; most notably, of the gearbox
designs investigated, the one selected as

AR, i

o

RUSSIA'S S
REVEALED .

With the Cold War over and Iron Cu
making available a treasure of previous
products developed for space, n
programs in the former Soviet Union.

You can discover the BEST ¢ rt !
Briefs, the official technology transfer 1 0
Space Agency (RSA), produced in partnership w
NASA Tech Brief. i

Russian Tech Briefs has exclusive first |
RSAs research labs and contractors...pro
leading-edge projects such as the Mir
electronics, computing, bio/medicine,
it features inside information on lein

Subscribe now and receive a full year of &
A single application could repay this modest inv
the inside track on this incredible resource; order to

(1 One year ($195)
1 Two years ($345)
(J Charge my: 1 VISA
Card No.

Enter my subscnptwn to Russian Tech Briefs for:

(1 Check enclosed (payable to Associated Business Publications)
J Mastercard

most promising features a split-path
drive configuration like that described in
“Torque-Splitting Gear Drive” (LEW-
14908), NASA Tech Briefs, Vol. 15, No. 4
(April 1991), page 90. A preliminary
design analysis showed that in compari-
son with the baseline gear box, the par-
ticular split-path gearbox would weigh 23
percent less, its noise would be 10 dB
lower, and its reliability would be nearly 4
times (in terms of mean time between
replacements) as great. A half-scale ver-
sion of the split-path gearbox was
designed, fabricated, and tested; the
results of the tests showed that most of
the design assumptions were sound.

J American Express
Expire Date

Signature

Company

Address

City/st/Zip

Phone No.

Mail to: Associated Business Publications, 317 Madison Avenue, New York, NY 10017. Or fax to: (212) 986-7864.

This work was done by Jules G. Kish
of United Technologies Corp. and
Timothy Krantz of the U. S. Army
Research Laboratory for Lewis
Research Center. 70 obtain a copy of
the report, “Sikorsky Aircraft Advanced
Rotorcraft Transmission (ART) Program
— Final Report,” write in 3 on the TSP
Request Card.

Inquiries concerning rights for the
commercial use of this invention should
be addressed to the Patent Counsel,
Lewis Research Center; (216) 433-2320.
Refer to LEW-16278.

Q

Wire Mesh for Protection
Against Lightning

Electronic Components
and Circuits

A report describes the choice of silver-
plated wire to replace tin-plated beryllium
copper strips that were previously used to
provide grounding contacts for protecting
a space shuttle umbilical disconnect
against lightning strike. When they were
used, the berylium copper strips were
bonded to foam insulating material and
have come loose from the foam after ther-
mal cycling between ambient temperature
and —423 °F (255 °C). The loose strips
could become debris, which could not be
tolerated in this application. The wire
mesh is bonded (partially impregnated) to
the foam with polyurethane adhesive. A
portion of the wire mesh that overlaps the
umbilical disconnect is impregnated with
silver-filled epoxy. In comparison with the
beryllium copper strips, the wire mesh has
been found to be relatively insensitive to
differential thermal shrinkage and to
adhere better. The test demonstrated that
the wire mesh does not disbond and
maintains a low resistivity at the electrical
bond surface before and after thermal
aging in liquid hydrogen.

This work was done by Bernie
Rosenbaum of Johnson Space Center;
Keith Y. Chong, Richard G. Jackson, Lee
S. Durham, and Zenon Siminski of
Rockwell International Corp.; and Benny
Ewing of Lockheed-Martin. To obtain a
copy of the report, “Wire Mesh for
Disconnects Lightning Strike Protection,”
write in 11 on the TSP Request Card.
MSC-22665

(continued on page 116)
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SPECIAL ADVERTISING SUPPLEMENT TO NASA TECH BRIEFS

Tr“CHNOLOGY

LEADERS

Profiles Of Pathsetting Companies Serving The Engineering Field

KOLIMORGEN MOTION TECHNOLOGIES GrOuUP

Zero Cogging Brushless Servomotor

Kollmorgen has introduced
the PLATINUM XT Series, a
three-phase brushless DC servo-
motor that uses a new armature
technology developed by Koll-
morgen PML

PLATINUM XT’s zero cog-
ging is the result of a slotless, iron-
less design that eliminates pre-
ferred pole position. The new
armature creates a “perfect wind-
ing” that produces a pure sinu-
soidal back EMF (electromagnetic
force) waveform. The series is
available in three frame sizes: 9
cm, 12 cm, and 16 cm. Contin-
uous output torque range is from
85 oz-in to 390 oz-in. Other fea-
tures include: ultra low torque and
velocity ripple, flat profile, fast
acceleration, and all aluminum
construction for resistance to cor-
rosive environments. Options

NATIONAL

The National Technology
Transfer Center (NTTC) en-
hances U.S. industry’s economic
competitiveness by linking it to
the vast resources of federal tech-
nology.

Located at Wheeling Jesuit
University, Wheeling, WV,
NTTC is part of the National

include: resolver or encoder feed-
back; a molded, ruggedized dust
cover with CPC or splash-tight
CONNectors; mating connectors;
IP-65 sealing; forced air cooling;
and UL-listed versions.

Frank Locascio, Product Man-
ager, adds, “The PLATINUM
XT Series has performance fea-
tures that cannot be matched by
conventional, ironcore brushless
designs in many applications.”
PLATINUM XT is well-suited
for semiconductor wafer han-
dling, inspection, electronic
component insertion, grinding,
robotics, document handling,
and medical applications.

The motor can be combined
with the Kollmorgen SER-
VOSTAR digital amplifier to pro-
vide an easy-to-set-up, high-per-
formance motion control system.

TECHNOLOG

Technology Transfer Network
sponsored by NASA since 1991.
NTTC fosters federal technology
transfer with U.S. businesses
through its National Gateway.
This service provides businesses
with rapid access to federal tech-
nologies, expertise, and facilities.

NTTC’s on-line electronic
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Motion Tech-

Kollmorgen
nologies Group is a leading inter-
national manufacturer of precision
motion control products. Koll-
morgen is traded publicly on the

New York Stock Exchange (KOL).

For more information, contact
Frank Locascio, product manager,
at 540-633-4134 or Rory Falato,
marketing communications direc-
tor, at 540-633-5511.

For More Information Write In No. 850

Y TRANSFER CENTER

bulletin board supports National
Gateway. The user-friendly
Business Gold-NTTC Online fea-
tures a comprehensive directory
of federal R&D laboratories and
highlights federal technologies
available for commercialization.
Business Gold also maintains
information on solicitations for
programs  including  Small
Business Innovation Research,
Technology Reinvestment, and

Small Business Technology
Transfer and Advanced Technol-
ogies.

NTTC emphasizes design and
implementation of training in
technology transfer and innova-
tion management. NTTC’s
training activities include the
National Industrial Extension
Agents Curriculum and projects

with the U.S. Navy’s Office of

Naval Research, NASA’s Office
of Space Access and Technology,
and the Environmental Pro-
tection Agency.

NTTC conducts national out-
reach and promotional activities
to improve private sector aware-
ness of federal technology
resources and opportunities.
Overall, NTTC’s activities and
services are designed to comple-
ment and enhance NASA tech-
nology transfer programs across
the nation.

For more information on the
National Gateway, Business
Gold, training courses, or other
services, contact the NTTC via the
Internet through World Wide Web
URL http:/twww.nttc.edu or call
800-678-6882.

For More Information Write in No. 851
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ACROSCIENCE CORPORATION

Visual Science = Mathematical Design, Simulation, and Analysis Software

acroScience is dedicated to
developing, deploying, and sup-
porting powerful, cost-effective,
and intuitive software tools for
the sciences. acroScience was
founded to fulfill a need among
engineers and scientists for a
modern, integrated mathematical
design, simulation, and analysis
software environment. acro-
Science’s flagship product, Visual
Science, is the next step in the
evolutionary transition from text-
based mathematical software to
truly interactive and visual PC
software.
Visual Science enables its users
to quickly and easily:
* create a visual model of a math-
ematical system
* bring out the important hierar-
chical structure of a system, hid-
ing unwanted detail
* gain complete control over exe-
cuting a mathematical system
* analyze a system with interactive
tools
*scale from simple problems to

complex dynamic systems re-
quiring feedback and parallel
execution

* manage large projects.

Visual Science features:

o full interactive control over
designing, simulating, analyzing,
and applying mathematical sys-
tems

*a hierarchical block diagram
interface together with a tradi-
tional command prompt inter-
face

* MathCalc, a familiar matrix cal-
culation language

* more than 100 double precision
real and complex mathematical
functions

*both numerical and graphical
data inspectors

* OLE-based publication
annotation capabilities

* sequential and parallel execution
with feedback

e true customization and exten-
sion capabilities

* seamless support for MATLAB®
and IDL®

and

WARNER ELECTRIC

Offers Programmable Linear Actuators

Warner Electric, long a leading
supplier of linear and rotary
motion control devices, now
offers an extensive line of pro-
grammable linear actuators that
features greater service life and
expanded load-carrying speeds,
duty cycles, and accuracies.
Named the Electrak 2000, this
industry-leading line of linear
actuators is available in both high-
efficiency ball screw and econom-
ical Acme screw models.

All Electrak 2000 actuators are
engineered to operate for up to 50
million cycles. Operating speeds
range from 20 inches/second for
40-1b. loads to 2 inches/second for
500-1b. loads, with repeatability of
0.0005 inches. Standard stroke
lengths are 2, 4, 6, 8, 12, 18, and
24 inches. The maximum load
capacity for parallel models with
ball screw drive is 2000 lbs.

Ball screw models feature excel-
lent speed, load, and duty-cycle
capabilities with low power con-
sumption. An electrically-released,
spring-set brake mounted on the
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step motor controls back-driving
of the ball screw actuator if power
is interrupted.

Acme screw units offer an eco-
nomical alternative for applica-
tions with lower load, speed, and
duty-cycle requirements. The

* complete integration into the
Microsoft Windows 95 environ-

ment.

Visual Science is the most mod-
ern, flexible and easy-to-use math-
ematical environment available
for PCs today.

For more information and a free

trial, contact acroScience Cor-
poration, 1966 13th Street, Ste.
250, Boulder, CO 80302; Tel: 303-
541-0089; Fax: 303-541-9056;
E-mail:  info@acroScience.com;
Web: http://www.acroScience.com.
For More Information Write In No. 852

Acme screw models can hold ver-
tical loads without back-driving in
either a power-off or a stall mode.

Designed to be impervious to
washdowns, Electrak 2000 sealed
step motors carry an IP-56 rating
and are featured as standard

Aergee yox et W =t adied OLE shves
uch @ G Micremft Ward documes @ the

equipment. Controls are supplied
complete with 1/O boards, input
power cables, indexer, and drive.

All Electrak 2000 Series actua-
tors are available with a menu-dri-
ven software package that is
specifically designed for linear
motion/position  applications.
With terms expressed in linear
units rather than in motor steps,
the new software ensures simpli-
fied programming.

Mounting options include
front flanges, trunnions, side-
tapped holes, and mounting feet.
Encoders, sensors, and brakes are
offered as options. Both parallel
and in-line actuator configura-
tions are available.

For additional technical infor-
mation on any Warner Electric
product, contact: Warner Electric
Advertising  Department, 449
Gardner Street, South Beloit, IL
61080; Tel: 815-389-3771; Fax:
815-389-2582.

For More Information Write In No. 853
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ALACRON, INC.

The Total Imaging and Signal Processing Solution

Alacron provides total data
acquisition and processing solu-
tions for imaging and signal pro-
cessing. Alacron offers a range of
high-performance systems, based
on Texas Instrumentss TMS-

320C80 processor, Analog Devices’

ADI-2106x SHARC processors,
and Intel’s i860 RISC processors
for PCI, PC/ISA, and VME buses.

New Products
Alacron’s FT-C80 subsystems,
based on TI's TMS320C80 pro-

Heterogeneous

Floating
Point

TOSHIBA AMERICA

In response to the growing
demand for a more compact,
broadcast-quality, point-of-view
(POV) camera, Toshiba has intro-
duced the world’s smallest, most
technologically advanced digital
camera, the IK-TU40A.

utilizing revolutionary ten-bit
DSP architecture developed exclu-
sively by Toshiba, combined with
three 410,000-pixel CCDs. The
result is a breathtaking 750 hori-
zontal lines of resolution and a

cessor, are ideal for the most
demanding real-time image pro-
cessing and DSP applications. The
FT-C80 provides 2 GigaOPS of
processing power and can perform
a 3x3 convolution on 2 512 x 512
x 8 bit image in 6.6 msec.

Alacrons FT SHARC
subsystems, based on
an array of up to 24
ADI-2106x micro-
processors, provide
scaleable performance,
up to 3 GigaFLOPs in
a single slot! An eight -
processor FI-SHARC
can perform a 1K
complex FFT in only
72 microseconds.

I/0 and
Expansion

Today's demanding
real-world applica-
tions require not only
processing power, but
also efficient, bal-
anced I/O. Each Ala-

cron processor board

62dB signal-to-noise ratio for the
brightest, sharpest color video in
the industry.

Equipped with RS-232C inter-
face and easy-to-read on-screen
menus, the camera can be central-

Toshiba’s 1K-TU40A
is the world’s first three-
chip, 10-bit remote head
camera. It is specifically
designed for remote
broadcast use. The IK-
TU40A can caprure, up-
close, all the excitement
of fast-paced sports or
other exotic applications.
The camera head is about
the size of an ice cube,
allowing it to be mount-
ed anywhere — from the
driver’s seat of an Indy
car to the side of an in-

line skate.
The IK-TU40A makes
conventional one-chip

POV cameras obsolete by
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is equipped with two 160 MB/sec.
FastTrack™ expansion interfaces to
which users can add one or sever-
al FastTrack modules. Our grow-
ing line of FastTrack modules
includes a high-resolution graphic
display, analog and digital frame
grabbers, high-performance digi-
tal I/O, SCSI, and VSB. Fast Track
connectors also support FT-
SHARC and FT-C80 modules,
providing heterogeneous proces-
sor environments.

For more information, contact
Alacron, Inc. at 71 Spitbrook Rd.,
Nashua, NH 03060; Tel: 603-
891-2750; Fax: 603-891-2745; E-
mail: sales@alacron.com; URL:
/ntp://u'u'u'.alzlcron,co»L
For More Information Write in No. 854

ly controlled by way of a laptop
computer. This provides the user
with fingertip access to a wide
range of functions and advanced
image processing modes, includ-
ing electronic shutter speed, inte-
gration time periods, AGC and
white balance.

The IK-TU40A accepts most
C-mount lenses and has video
outputs for NTSC, S-VHS and
RGB. A 10-, 18-, or 30-foot
detachable cable is available for
the camera.

For more information, contact
Toshiba America Consumer Prod-
ucts, 1010 Johnson Dr., Buffalo
Grove, IL 60089; Tel: 847-541-
9400; Fax: 847-541-1927.

For More Information Write In No. 855
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PLYMOUTH TUBE COMPANY

Plymouth Extruded Shapes — Near-Net Steel Extrusions

Original equipment manufac-
turers (OEMs) and parts suppliers
in the automotive, aerospace,
defense, machine tool, and indus-
trial equipment manufacturing
industries have found near-net
extrusion of complex steel shapes
to be a versatile, labor-saving, and
cost-cffective alternative to the
welding, forging, casting, or
machining of parts.

According to Don Ferguson,
Plymouth Extruded Shapes'’s
Marketing Manager, “Near-net
extrusion technology gives prod-
uct engineers the ability to achieve
the desired shape, within close tol-
erances, in a single process. With
this process, we can create a wide
variety of solid or hollow shapes
in various sizes using either car-
bon steel, alloy steel, stainless
steel, nickel alloy, or titanium,
with relatively low tooling costs —
even for short runs. The technol-
ogy not only reduces our cus-
tomers materials costs, but it also
reduces downstream costs, since

near-net parts require less
machining and mechanical finish-
ing than competitive technolo-
gies. Overall, the financial bene-
fits of choosing near-net extru-
sion can be substantial.”

The near-net extrusion opera-
tion begins with a solid round bar
that is cut into shorter billets.
Each billet is induction-heated to
the correct extrusion temperature
and is coated with a powdered
glass during transfer to the extru-
sion chamber. The steel is forced
through a die under high pressure
at speeds up to 30 mph to provide
the desired shape and is then air-
cooled or rapidly water-quenched.
After cooling, the extrusions are
“stretch straightened” — an impor-
tant step in controlling the bow
and twist of the final product.
Plymouth discards dies after each
extrusion, minimizing an erosion
process called “die wash.” This is
essential to achieving the consis-
tent quality and close tolerances
required by customers.

Plymouth’s standard near-net
stainless steel shapes include tees,
equal and unequal leg angles,
channels, and beams. Specialized,
custom-order shapes may include
cross-membered parts, as well as
parts requiring varying degrees of
angularity, transverse flatness,
bows, or twists.

For more information on
Plymouth’s near-net extrusion
process, contact Plymouth Extruded
Shapes, Plymouth Tube Co., PO.
Box 768, Warrenville, IL 60555;
Tel: 800-323-9506; Fax: 708-
393-3552.

For More Information Write in No. 856

INTEGRATED ENGINEERING SOFTWARE

NEW Electromagnetic-Thermal Coupled CAE Software

Integrated Engineering Soft-
ware has released the CAE indus-
try’s first coupled Electromag-
netic-Thermal CAE solution
based solely on the innovative
Boundary Element Method
(BEM) technology. Now design-
ers searching for an alternative to
complex electromagnetic-thermal
FEM modeling can take advan-
tage of BEM'’s superior ease of use,
analysis speed, and accuracy. This
coupled Electromagnetic-Ther-
mal software solution enables
designers to test various physical
and material configurations,
examine new design concepts, and
optimize designs for a wide variety
of Electromagnetic-Thermal ap-
plications prior to actually build-
ing a costly prototype.

Inductive/Conductive
Heating Applications
Designers of induction heat-
ing/hardening systems or conduc-
tive heating designs are able to
simulate coupled Electro-magnet-
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ic Thermal systems in one soft-
ware environment. For inductive
heating/hardening applications,
designers can take advantage of
Integrated’s coupled Oersted and
Kelvin software tools. Oersted is
Integrated’s two-dimensional time-
harmonic field solver (shown) and
Kelvin is the thermal analysis
solver. And, for conductive heat-
ing applications, designers can
effortlessly ~move  between
Integrated’s coupled Electro and
Kelvin. Electro is
Integrated’s two -
dimensional electro-
static field solver.
Designers can
examine electro-
magnetic properties
such as capacitance,
inductance, resis-
tance, ohmic losses,
eddy current, force,
torque, and many

other properrties.
And, with a simple
menu  selection,

they can review the coupled ther-
mal properties such as tempera-
ture, heat flow, temperature gradi-
ents, and other thermal proper-
ties.

Innovative CAE
Technology - BEM

Integrated Engineering Soft-
ware is the only provider of a full
range of electromagnetic and ther-
mal CAE products based on
the Boundary Element Method

(BEM). The Finite Element
Method products require com-
plex, full-region FEM meshing in
contrast to the Boundary Element
Method which requires only sur-
face elements. BEM is not only
easier to use and learn, but it also
provides premium accuracy and
analysis speed.

Integrated offers a 30-day free
evaluation of all our software
products to allow customers to
assess the software’s capability
with no obligation to purchase.

For more information, contact
Integrated Engineering Software at 46-
1313 Border Place, Winnipeg, Canada
R3H 0X4; Tel: 204-632-5636; Fax:
204-633-7780;  E-mail:  info@
integrated.mb.ca; Internet:http:llunww.
integrated.mb.calies.

For More Information Write In No. 857
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INTEGRATED SYSTEMS INC.

Headquartered in Santa Clara,
CA, Integrated Systems Inc.
(NASDAQ: INTS) is the leading
worldwide provider of embed-
ded solution tools

MATRIX® from
Integrated Systems

The MATRIXy Product Family

is the first fully automated system

time test for real time control sys-
tems. For over 10 years, the
MATRIXy Family has proven its

value in numerous control and

motive manufacturers, as well as
the top aerospace, industrial process
control, computer manufacturing,
and research organizations.

for the telecommu-
nication, automo-
tive, multimedia/
consumer electron-
ics, office/retail
automation, aero-
space, and process
control  industries.
Founded in 1981,
Integrated Systems’
worldwide presence
includes sales and ser-
vice offices through-
out Asia/Pacific, Eu-
rope, Canada, and
the United States.
The company has
over 450 employees
worldwide. Rev-
enue for the 1996

Documentit

Hardware Systems

The MATRIXx prod-
uct family features: System-
Build™, the industry’s lead-
ing graphical modeling
and simulation environ-
ment; Xmath", the first
object-oriented mathemati-
cal analysis and visualization
tool; AutoCode®, the first and
the most sophisticated auto-
matic C and Ada code gener-
ator; Documentlt”, the first
automatic documentation
generator; and the RealSim
Series™ of rapid prototyping

computers.

For more information, con-
tact Integrated Systems Inc.
at 201 Moffett Park Drive,
Sunnyvale, CA 94089; Tel:

fiscal year was

$84.4 million, an increase of 45
percent over the previous year's
revenue.

that allows for the graphical design,
simulation, automatic code and
document generation, and real-

embedded systems engineering
programs worldwide. Users in-
clude 26 of the world’s top 28 auto-

DIGI-KEY CORPORATION

It started in 1972 — an idea —a
new concept in distribution.
Today, Digi-Key represents one of
the fastest-growing electronic
component distributors in the
United States. At Digi-Key, ser-
vice is the key! This customer-cen-
tered business philosophy has
positioned Digi-Key as the indus-
try-recognized leader among dis-
tributors when it comes to service.

Serving the customer ultimate-
ly begins with the Digi-Key cata-
log. It is updated and expanded
every 60 days to accommodate
constant product-line expansion
and provide accurate, up-to-date
pricing.

Complementing this printed
catalog is an electronic media
presence that will continue to
make the customer’s job more effi-
cient. Digi-Key’s World Wide
Web site has earned recognition
by Electronic Business Today as one
of the best among distributors.

Digi-Key customers are provid-
ed with real-time stock status and
order entry. An intelligent convey-
er system is the basis for an order
fulfillment system among the
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most efficient in the entire world.
Fully supervised by Digi-Key’s
host computer, the conveyor flaw-
lessly routes orders through more
than a mile of conveyor.

This  highly  automated
approach to order fulfillment
allows orders to be processed in
as little as 30 minutes! And, the
entire process — from order entry
to shipping — is ISO 9002 certi-
fied. Based on independent
research conducted by several
well-respected trade publications,
Digi Key is the industry’s consis-
tent leader when it comes to ser-
vice!

We believe Digi-Key provides
the best service in the industry
with a 30% compound annual
rate of sales increase over the past
20 years — not as a result of acqui-
sition — there is perhaps no grearter
testimony to the quality Digi-Key
provides its customers. We feel it
is this unparalleled level of service
that differentiates Digi-Key from
other distributors.

For your free catalog, call, write,

fax, or visit us on the Internet:

Digi-Key Corporation, 701 Brooks
Ave. South, Thief River Falls,
MN 56701; Tel: 800-344-4539;

408-542-1500; Fax: 408-
542-1950; E-mail: info@isi.com.
For More Information Write In No. 858

Fax: 218-681-3380; hup:/lwww.
digikey.com.
For More Information Write In No. 859

Visit us an the Internet = http:’ www.digikey.com + Stock Status Updated Daily!

105



ANALYTICAL GRAPHICS, INC.

Satellite Tool Kit (STK)®: The Leading Commercial Software For Space Mission Analysis

Analytical Graphics is the lead-
ing producer of commercial, off-
the-shelf (COTYS) satellite analysis
software for the space industry. The
company, headquartered in King of
Prussia, PA, was founded in 1989
to produce graphical, interactive
software analysis tools for space-
related applications. Analytical
Graphics' flagship product is called
Satellite Tool Kit (STK).

STK is the space industry’s
market-leading analysis tool. It is
a family of interactive, graphical
software products that help ana-
lysts, developers, and operators of
space systems easily access, man-
age, display, and manipulate dara.

It is used to visualize and analyze
the complex relationships involv-
ing satellites, orbits, launch vehi-
cles, areas of sensor coverage, air-
craft, ships, ground vehicles,
ground stations, and targets. Much
as charts and graphs enhance
understanding of complex numeri-
cal relationships, STK’s powerful
representations of these relation-
ships render them intuitively

[ R I R = T —

A Tracking and Data Relay Satellite (TDRS) just after Inertial Upper Stage (IUS)

separation.

ENDEVCO CORPORATION

Founded in 1947, Endevco
Corp. is the world’s leading suppli-
er of dynamic instrumentation for
vibration, shock, inertial motion,
and dynamic pressure measure-
ments. Endevco is a sub-

keting office in China.

With more than 500 products,
Endevco offers the industry’s
broadest product line. Endevco’s
product family includes piezoelec-

erometers for guidance systems;
accelerometers and tracking filters
for engine vibration monitoring;
calibration equipment and sys-
tems; cable assemblies and acces-

understandable and manageable.
The software operates on all UNIX
platforms and on personal com-
puters using Windows® 95 or
Windows NT™ operating systems.
The Satellite Tool Kit/
Visualization Option (STK/VO)™
module provides a true three-
dimensional, time-driven analysis
environment. In additon, STK is
available as a Programmer’s Library
(STK/PL)™, a complete set of astro-
dynamic, graphic, and user interface
functions that are tested, document-
ed, and available for custom use.
The third generation of STK —
STK 3.0 — was released in June, sig-
nificantly enhancing the software’s
power and functionality. STK has
proven accurate and reliable in seven
years of rigorous use by thousands of
users worldwide in civil space, mili-
tary, and commercial organizations.

For more information, contact
Analytical Graphics at 800-220-
4STK; E-mail:  info@stk.com;
Internet: http:/lwww.stk.com.

For More Information Write In No. 860

Endevco provides solutions in
critical applications such as space-
craft monitoring, automotive safe-
ty testing, in-flight gas turbine
vibration monitoring systems, heli-

copter health and usage

sidiary of U.K.-based
Meggitt PLC, an interna-
tional group of companies
renowned for its special-
ized engineering skills.
Endevco has 300 em-
ployees at its corporate
headquarters in San Juan
Capistrano in sales, mar-
keting, manufacturing,
and engineering func-
tions. Endevco also oper-

ENDEVCO

monitoring (HUMS),
missile fusing systems,
nuclear power plant mon-
itoring, submarine silenc-
ing systems and activity
monitoring in heart pace-
makers. Endevco has also
supplied standard and
custom instrumentation
for many international
and most major United
States aerospace pro-

ates a silicon research

and fabrication center in
Sunnyvale, CA, dedicated to new
product development utilizing
silicon micromachining technol-
ogy. Endevco has European sales
and marketing offices based in
the U.K., France, and Germany,
as well as an Asian sales and mar-
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tric, piezoresistive, and variable
capacitance accelerometers; inte-

grated electronic piezoelectric
accelerometers  (ISOTRON®);

piezoresistive pressure transducers;
signal conditioners and amplifiers;
high-intensity microphones; mea-
surement systems; fuses; accel-

sories; and engine balancing
equipment.

Endevco’s products are de-
signed for laboratory, aerospace,
defense, transportation, aviation,
marine, industrial, and medical
applications where obraining
accurate and reliable data is viral.

grams.

For more information, contact
Endevco at 30700 Rancho Viejo
Rd., San Juan Capistrano, CA
92675-1789; Tel: 714-493-8181
or 800-982-6732; Fax: 714-661-
7231.

For More Information Write In No. 861
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DAVID SARNOFF RESEARCH CENTER

The mission of Sarnoff is
the creation and commer-
cialization of new tech-
nologies that change our
world. To that end, it serves
clients in both industry and
government developing
specific technologies for
acquiring, processing, com-
municating, displaying,
and using electronic infor-
mation.

Building on more than
50 years of innovation that
includes color television,
the liquid crystal display,
and the charge-coupled
device (CCD) imager,
Sarnoff today is at the lead-
ing edge of several key tech-
nical developments. These
include a variety of ad-
vanced integrated circuits
(ICs) that are used in infrared and
visible focal-plane arrays.

In addition to designing,
Sarnoff also manufactures high-
performance mid-wave infrared
and visible cameras for use in such

ANSOFT CORPORATION

Ansoft Corporation develops,
markets, and supports EDA soft-
ware solutions that enable leading-
edge performance and miniaturiza-
tion of electronic, communication,
and electromechanical systems.
Ansoft products benefit users by
enabling them to aggressively
reduce time to market and maxi-
mize product performance. Sig-
nificant savings are achieved by
eliminating physical prototypes and
optimizing size, material, and yield.

Ansoft delivers the best tool in
its class because of its technology
leadership. Ansoft has a history
of creating significant technology
breakthroughs. Zoltan Cendes,
Ph.D., founder of Ansoft, con-
ducted over 15 years of R&D
prior to the company’s inception
in 1984. Since that time, over a
decade of R&D by Ansoft
research and development staff
pioneered the notion of automat-
ic and adaptive convergence to
solutions, asymptotic waveform
evaluation (AWE) for spectral
domain solutions, transfinite
elements, basis evaluation state
space techniques, and fast mul-
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specialized applications as in-
flight tracking of missiles and
transient analysis of other high-
speed events.

Sarnoff’s work is supported
entirely by its clients, who are

leading companies in the U.S., the
Far East, and Europe, and various
agencies of the U.S. government.
Sarnoff participates in several pro-
grams of the National Institutes of
Standards and Technology’s Ad-
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vanced Technology Pro-
gram.

Established in 1942 in
Princeton, NJ as the RCA
Laboratories, the center
was named after General
David Sarnoff, chairman of
RCA, in 1951. Following
the GE acquisition of
RCA, Sarnoff became a
subsidiary of SRI Inter-
national in 1987.

Operated for profit,
Sarnoff’s revenues and op-
erating profit have in-
creased each year since
1993. President and CEO
Dr. James E. Carnes heads
a staff of 750.

For more information,
contact Business Develop-
ment, David Sarnoff Re-
search Center, CN 5300, Princeton,
NJ 08543; Tel: 609-734-2553;
Fax: 609-734-2443; E-mail:
dzish@sarnoff-com; Internet: hitp:
lfwww.sarnoff-com.

For More Information Write in No. 862

tiple acceleration algorithms.

These advances meet the ever-
growing needs of engineers as the
market demands require smaller
and faster devices with tighter
design and compliance require-
ments. Ansoft continues to lead
the technology in the industry
with upgrades of its Maxwell
products and the introduction of
new products for both UNIX
workstations and PCs.

Ansoft directly markets its
products worldwide with a sales
force and a network of distribu-
tors. Customers include leading
electronics, telecommunications,
and automotive companies
including Motorola, Intel, Texas
Instruments, Samsung, Hitachi,
SONY, Sharp, Ericsson, SGS
Thomson, General Motors, Ford,
and BMW.

For more information, contact
Ansoft Corporation at Four Station
Square, Ste. 660, Pittsburgh, PA
15219-1119; Tel: 412-261-3200;
Fax: 412-471-9427; E-mail:
info@ansoft.com.

For More Information Write in No. 863
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ALGOR, INC.

When You're Serious About Engineering

Algor, Inc. is a leading
maker of mechanical engi-
neering analysis and design
optimization software for
UNIX, Windows NT, and
Windows 95 operating sys-
tems. More than 12,000
engineers in more than 60
countries use Algor software.

At Algor, we emphasize
serious, real-world engineer-
ing in everything we do.
That's why Algor has led the
market in recognizing the
needs of engineering profes-
sionals and providing new
technologies and innovative
capabilities which meet
those needs.

For example, engineers
need better ways of optimiz-
ing designs which come
into contact with fluids,
such as air or water. This
includes obvious applica-

technology. Algor’s steady
state and unsteady fluid
flow analysis software now
provides advanced fluid-
object interaction capabili-
ties by linking with Algor’s
linear and nonlinear stress,
vibration, and other analysis
software. An all-new, easy-
to-use turbulent flow analy-
sis option is also available.

Other Algor innovations
include Houdini, the first
automatic CAD solid mod-
el to 8-node “brick” finite
element mesh converter and
the Integrated Plant Pack-
age (IPP), the most com-
plete set of design and
analysis tools available for
the piping and pressure ves-
sel industries.

For more information, visit

Algor on the World Wide Web

tions like optimizing lift or
drag characteristics in automotive
and aerospace designs that involve
turbulent flow. However, it also
includes applications such as fluid

product packaging, cooling sys-

tems, piping or pressure vessel

components, and many others.
To meet these needs, Algor

recently introduced advanced
computational fluid dynamics
(CFD) software which rep